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4. MATERIAIS E METODOS

4.1 Animais e grupos experimentais

Foram utilizadas 25 fémeas adultas da linhagem Balb/c, com idades entre 06 e 08
semanas de vida (média de peso 23g+0,8g), oriundas do Biotério Central da Universidade
Federal do Triangulo Mineiro, Uberaba, Minas Gerais, Brasil. Os animais foram mantidos em
gaiolas pléasticas, com espaco adequado para sua acomodacgdo, em um sistema fechado de
alojamento com ventilagdo e temperatura controlada (21+3°C), em ciclo claro-escuro de 12h,
com comida e agua disponiveis ad libitum.

Dos 25 animais, 22 foram separados em trés grupos experimentais: Controle (n=7) com
animais sem inducdo ao desenvolvimento tumoral pela linhagem de células 4T1 e sem
vacinacdo profilatica por células dendriticas; grupo Tumor (n=8), com animais submetidos
apenas a inducdo tumoral com células 4T1; e grupo Vacina (n=7), com animais que receberam
a profilaxia com vacina de células dendriticas e posterior indu¢do tumoral com a linhagem
celular 4T1 (Tabela 2). Os outros 3 animais foram eutanasiados para a confec¢do da vacina de
células dendriticas. Este estudo foi previamente aprovado pelo Comité de Etica no Uso de
Animais (CEUA/UFTM) sob registro de nimero 379 e seguiu normativas e regulamentos do
CONCEA e da Declaracéao de Basileia.

Tabela 2: distribuicéo dos animais nos grupos de estudo

Grupos Inoculacdo 4T1  Inoculagdo Vacina NuUmero de animais
Controle Né&o Né&o 07
Tumor Sim Né&o 08
Vacina* Sim Sim 07

*DC, Dcprev, Vacina DC

Apbs o periodo experimental (Figura 5A), os animais dos grupos experimentais foram
eutanasiados, sendo retirados os bacos, figados, pulmdes e tumores, estes Ultimos quando

presentes, de todos 0s animais.
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Figura 5. Delineamento experimental. A. Esquema demonstrando, em escala temporal, 0s
procedimentos realizados no periodo experimental. B. Fotografia demonstrando o aspecto
morfolégico das células dendriticas, in vitro, diferenciados e maturadas com GM-CSF, IL-4,
TNF-a e antigeno tumoral de 4T1. Aumento: 400x.

4.2 Inducéo tumoral de modelo de cancer de mama com células 4T1

Antes do inicio da experimentacdo, os animais foram randomizados para formagao dos
grupos experimentais. Os animais inoculados com a linhagem tumoral (Tumor e Vacina)
receberam uma Unica dose de 2,0 x 10° células, em um volume de 50pL, injetadas na glandula
mamaria inferior esquerda. O volume tumoral foi mensurado a cada dois ou trés dias e foi
determinado pela formula [maior didmetrox(menor didmetro)?] x 0,5 (ROLAND et al., 2009).

A linhagem de células tumorais 4T1 s&o descritas como potentes indutoras de tumores
de mama em camundongos da linhagem Balb/c. Seu crescimento tumoral e disseminacédo
metastatica assemelham-se muito ao cancer de mama humano (TNBC), sendo um modelo
animal proximo ao estdgio V. Elas foram obtidas do Banco de Células do Rio de Janeiro. Até
0 momento da inoculagdo, as células foram mantidas em meio RPMI-1680 (Sigma-Aldrich®),
suplementado com HEPES (CsH1sN204S), Bicarbonato de Sodio (NaHCO3), soro bovino fetal
(SBF), Estreptomicina, L-Glutamina (200mM), Piruvato de So6dio (CsHsNaOs), B-
Mercaptoethanol (C2HeOS), em estufa a 5% de CO», a 37°C. No momento que antecede a
aplicacdo, as células foram lavadas com solucéo fisioldgica 0,9%, a 805xg, 4°C, por 10 min.

4.3 Vacina de Células Dendriticas e protocolo de vacinagéo
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A vacina foi confeccionada a partir de células da medula 6ssea de fémures e tibias de 3
camundongos Balb/c. As medulas foram retiradas com auxilio de solucéo fisioldgica 0,9% e
uma seringa 13,4 x 5mm. As células medulares (multipotentes) foram entdo cultivadas em
garrafas de cultura de 25cm?, em meio IMDM (Sigma-Aldrich®) suplementado com 0,1mM
de vitaminas, 2mM de I-glutamina, 100pg/mL de gentamicina, ImM de Piruvato de Sodio
(C3H3NaOs) e 5% SBF, incubadas em estuda de CO; a 5% de umidade e a 37°C. Apo0s
plaqueamento, no dia 1, as células foram estimuladas com 10ng/uL de GM-CSF e 10ng/uL de
IL-4. No dia 5 foram estimuladas com 10ng/puL. de TNF-a e antigeno tumoral da linhagem de
células 4T1 (obtidos pelo congelamento e descongelamento das células 4T1). No dia 07, as
celulas dendriticas diferenciadas foram lavadas e ressuspensas em solugéo fisioldgica 0,9%.
Foram administradas 5,0 x 10° células, em um volume de 50pL de solucéo fisiol6gica, em dose
Unica. A avaliacao das células dendriticas diferenciadas foi feito qualitativamente, por controle
visual através de microscopio Optico, ja que analises anteriores (LOPES; MICHELIN;
MURTA, 2017) demonstraram efic&cia nesse processo de diferenciacdo (Figura 5B).

4.4 Retirada dos figados, tumores, bacos e pulmdes

Apo6s o periodo experimental, os figados, bacos, tumores e pulmdes dos grupos
estudados foram removidos apos eutanasia e necropsia dos animais. Parte dos figados, bacos e
tumores foram submetidos a ruptura mecanica para a realizacdo do protocolo de citometria de
fluxo e cultura de células (apenas bago). Outra parte dos figados e os pulmdes foram fixados
em formalina 10%, seguindo em inclusdo em parafina para analise de metastases por

hematoxilina-eosina (HE).

4.5 Citometria de Fluxo

As amostras de baco, figado e tumor, dos diferentes grupos experimentais foram
analisadas por meio da técnica de citometria de fluxo, em citémetro FACS Calibur™ (BD
Biosciences, San Diego, CA, EUA). A técnica foi realizada de acordo com o protocolo de
citometria sugerido pelo fabricante, com utilizagdo de anticorpos BD Pharmigen™ para
marcacdo extracelular (CD3 FITC, CD4 PeCy 5.0, CD25 PE e CD8a APC para avaliacdo de
linfocitos), e para marcacéo intracelular (Thet A.F. 488, GATA-3 PE, RORyt PE, FoxP3 A. F.
488, IL-12 PE, TNF-a PE, IFN-y FITC, IL-10 FITC e IL-17A PerCP.Cy 5.5), além dos
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respetivos marcadores para isotipo. Todos os anticorpos utilizados no protocolo de citometria
de fluxo foram obtidos da BD Biosciences, San Diego, CA, EUA.

As celulas leucocitarias hepaticas, esplénicas e intratumorais foram obtidas por
centrifugacdo apds uso de solugdo de lise (FACS Lysing Solution, BD Biosciences), na
proporcdo de 1:20mL e incubacao por 20 minutos a temperatura ambiente. Foram ent&o lavadas
por 3x em solucdo salina tamponada com fosfato (PBS), sendo que entre cada lavagem, era
realizada centrifugacdo a 290xg, 10 minutos, 4°C, conservando sempre o precipitado celular ao
término de cada lavagem. A esse precipitado celular foi acrescido 2,5mL de proteina
transportadora inibitéria (BD Golgistop™), seguindo de incubagdo a 4°C, 20 minutos.
Posteriormente, as células foram submetidas a mais uma lavagem com PBS, sob mesmas
especificacOes descritas logo acima, ficando o precipitado celular ressuspenso em 1mL de PBS.
As células foram ent3o distribuidas, apos contagem em camara de Neubauer, em 1 x 106 células
por tubo e foram realizadas as marcagOes extracelulares com os anticorpos, seguindo de
incubagdo a 4°C, 30 minutos, na auséncia de luz. Em seguida, as células foram lavadas 2x com
PBS, e incubadas com solugdo permeabilizadora e fixadora (BD Cytofix/Cytoperm™), por 20
minutos, 4°C, ao abrigo de luz. Entdo as células foram lavadas 2x com solu¢do tampé&o de BD
Perm/Wash™ Buffer e marcadas intracelularmente com os anticorpos, seguindo com incubagio
por 4°C, 30 minutos, ao abrigo da luz. Apds a incubacdo, as células foram novamente lavadas
mais 2x com a solug¢ao tampao, ficando as células ressuspensas em 50 pulL de PBS para leitura

em citbmetro.

4.5.1 Estratégia de gate

Linfocitos foram inicialmente selecionados com base no tamanho e granularidade (FSC
X SSC). Nos linfocitos, uma gate para CD3+ foi desenhada para marcar as células T. A partir
desta gate foi tracado um grafico CD4 vs. CD8 para separar as células T CD4 + e CD8 +. Dentro
da populacdo de T CD4+, foi plotado um grafico de T-bet, para marcar T auxiliares do tipo 1,
outro plotando GATA-3, para marcar T auxiliares do tipo 2, RORyt, para marcar populagdes T
auxiliares do tipo 17 e um gréafico plotando CD25 e FoxP3 foi utilizado para delinear células T
reguladoras. Ainda, a partir da gate de populacdes T CD4+ (CD3+CD4+) foram plotados
histogramas para as marcacoes intracelulares de TNF-a, IFN-y, IL-12, IL-17 e IL-10.

4.6 Avaliacdo de metéastases pulmonares e hepéticas (HE)
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Para a avaliagdo da presenca ou ndo de metéstases foram confeccionadas Iaminas de
pulmao e figado dos animais dos grupos Tumor e Vacina. Apos a eutandsia, 0s 6rgdos foram
excisados e fixados em solugdo de formalina 10%, seguido de inclusdo em parafina. Os cortes
de 5 um de espessura foram feitos em micrétomo rotativo automatizado (Leica RM2255) e
posteriormente corados pela técnica de coloracao histologica de hematoxilina-eosina (HE). As
laminas foram observadas em microscopio dptico (Olympus BX41). Para cada 6rgdo, foram
preparadas trés laminas para que todo o 6rgao fosse amostrado. Em cada corte foi avaliado 15
campos as cegas. A quantificacdo das metastases foi realizada no microscépio Nikon Eclipse

Ti2 com o Software Nikon Analyzes.

4.7 Niveis de citocinas e cinética da producao de citocinas por ELISA

A presenga das citocinas IL-12, TGF-B, IL-4, IFN-y, IL-10, IL-12 e TNF-a, no
sobrenadante de culturas de células esplénicas, foi analisado por ELISA do tipo sanduiche
utilizando anticorpos BD OptEIA (BD Biosciences). As células esplénicas foram distribuidas
e incubadas em placas de 6 pocos a 37°C, 5% CO3, na auséncia e presenca de LPS, por 12h,

24h e 36h. Os sobrenadantes das culturas foram congelados a -80°C até o momento da dosagem

4.8 Analise Estatistica

Gréficos e analise estatistica foram realizados em GraphPad Prism 8.4 (GraphPad
Software). Os resultados foram testados quanto a distribuicdo por Kolmogorov-Smirnov test ou
Shapiro-Wilk Normality Test. Para distribuicbes parametricas das variaveis, foi utilizado teste
de t-Student para 2 comparacGes e One-way Anova com poés-teste de Tukey para mais de duas
comparagOes/grupos, com resultados expressos em mediatSD. Para varidveis nao-
paramétricas, foi utilizado Mann-Whitney para comparacgdes entre dois grupos e Kruskal-Wallis
com poés-teste de Dunn para comparagGes com mais de dois grupos, com os resultados expressos
em mediana (min-méx). Teste de Fisher e qui-quadrado (%) foram utilizados para estabelecer
as diferencas estatisticas nas proporcfes da vacinagdo e metastases. Teste de Pearson foi
aplicado para determinar a correlagéo entre tamanho tumoral tipos de células imunes. Para todas

as analises, p <0,05 foi considerado significativo.
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5. RESULTADOS

De alguns resultados obtidos foram confeccionados trés artigos. Os dados que compde

cada um deles encontra-se disposto na figura 6.
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Figura 6. Distribuicdo resultados obtidos.
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Abstract

Background: This study evaluates the influence of prophylactic dendritic cell vaccination in
antitumor immune response on the tumor microenvironment and in tumor growth, in an
experimental model with breast cancer induced by 4T1. Materials and methods: Balb/c mice
were separated into a vaccinated group and an unvaccinated group. Dendritic cell vaccine was
differentiated and maturated ex vivo from bone marrow. During the experimental period, the
tumor volumes were checked periodically. The tumors were evaluated to immune cells (helper
T and cytotoxic T lymphocytes), helper T profile (Thl, Th2, Th17, and Treg), TNF-a and IFN-
v synthesis by Thl and cytotoxic T lymphocytes. Results: The vaccinated group showed a
decrease in tumor volume (14.0, 0-131.7) in comparison to the unvaccinated group (89.59,
0.1250-459.6) (p=0.0421). All subtypes evaluated, T helper, Thl, Th2, Th17, Treg, T cytotoxic,
including the TNF-a and IFN-y producing Thl and CTL showed a significant increase in the
vaccinated group, as considerably as the Thl1/Th2 balance and Th1/Treg. Conclusion:
Prophylactic dendritic cell vaccination demonstrated a considerable antitumor effect in the
model studied by promoting increased activation of important cells in the immune response and
reduction in tumor volume. The data provide evidence of a timely activation of immune

surveillance in the absence of tumor burden.

Keywords: cancer, dendritic cells, vaccination, immunotherapy, tumor immunity

Introduction
Immunotherapies can be applied specifically to cancer, reaching the disease with
minimal impact on normal tissue (ALY, 2012). And Dendritic Cell (DC)-based vaccines have

shown satisfactory results by generating a tumor-specific active immune response, with
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specificity for tumor cells and lasting memory capacity to protect against possible recurrences,
in treatment studies (PALUCKA; BANCHEREAU, 2013).

Therefore, DCs have been used in studies models of cancer therapy, in addition to being
widely investigated in more than 200 clinical trials (WCULEK et al., 2020) They have a high
potential to stimulate T lymphocytes and they can establish a bridge between immune response
mechanisms and can induce memory immune responses. Thus, they are an important instrument
for the antitumor response, considering that cancer can lead to dysfunctional immune responses
(BANCHEREAU; STEINMAN, 1998; O’NEILL; PEARCE, 2016; PALUCKA;
BANCHEREAU, 2012; ZONG et al., 2016).

In the process of tumor elimination, the immune system needs a connection acting
reciprocally with DCs, mast cells, natural killer cells (NK), B and T lymphocytes, including
subsets helper T lymphocytes (Th) and cytotoxic T lymphocytes (CTL) (KORKAYA,; LIU;
WICHA, 2011). DCs can modulate the differentiation of T lymphocytes into subpopulations
depending on the activating stimulus and the maturation process. Different parameters are
usually used to distinguish Th lymphocytes, such as the transcriptional profile and the types of
secreted cytokines. Thus, Tbet is described in the characterization of the Thl, GATA3 in Th2,
RORyt for Th17, and FoxP3 for the regulatory T cells (Treg) (CHEMIN; GERSTNER;
MALMSTROM, 2019; LIUDAHL; COUSSENS, 2017).

The main immune mechanism of tumor elimination occurs by CTL T cells (BURNET,
1970). However, the Thl subtypes are interesting in the elimination of tumor cells, by
characterized of synthesis IL-2, TNF-a, and IFN-y, both regulatory cytokines of other
leukocytes important for antitumor activity, including CTL, NK, and macrophages (Mo), other
key cells involved in the elimination of tumor cells (CORTHAY et al., 2005; LIUDAHL;
COUSSENS, 2017; PARDOLL; TOPALIAN, 1998).

Considering the known mechanisms of DCs and the previous observations by these
group, it is possible to observe a relevant role of this vaccine on the immune mechanisms (DA
CUNHA; ANTONIAZI MICHELIN; CANDIDO MURTA, 2016; MATIAS et al., 2013;
RODRIGUES et al., 2011). These findings showed, for example, that the targets treated with
the DC vaccine stimulate immune responses, with a higher concentration of cytokines of the
Th1 profile (IL-2, IL-12, IFN-y, TNF-a), when compared with the cytokines of the Th2 profile
(IL-4, IL-10) and Treg (TGF-B) and an increase in the total percentage of T lymphocytes
(CD3+) after immunotherapy. Other studies have shown that the immune mechanisms of
antitumor responses provided by the effector T lymphocytes generated by the dendritic cell

vaccination, generating low side effects and ensure better actions in the target neoplastic tissue.
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This allows tumor regression and the production of memory cells, which protect in cases of
recurrence (ANGUILLE etal., 2014; MATHEOUD et al., 2010; PALUCKA; BANCHEREAU,
2012, 2013).

Thus, based on the ability of dendritic cells to initiate a specific, robust, long-lasting,
and intense antitumor immune response, although long-term benefits are rarely
reported,(MACCALLI; PARMIANI; FERRONE, 2017; SABADO; BALAN; BHARDWAJ,
2017) the study of new antitumor therapies has supported by the use of these cells as a
therapeutic instrument, associated with encouraging of the use of non-pharmacological
interventions that can activate the immune system and improve the quality of life of patients
with chronic diseases (KOIDO et al., 2000).

Therefore the DC vaccination can be promising not only in treatment but also in the
prophylaxis by generating T-mediated antitumor response, prevention of metastasis, long-
lasting antitumor effects, and prevention of tumor recurrence, accounting for long after its
administration, which could prevent tumor growth and tumor recurrence. Thus, the purpose of
this work is to analyze the influence and efficacy of prophylactic dendritic cell vaccination on
the tumor growth rate and the populations of helper T and cytotoxic T lymphocytes, as well as

the relationship between cell subtypes and tumor size.

Materials and Methods
Animals

For this study, eighteen animals, eight-week-old female Balb/c mice (mean of body
weight 23g + 0.8g) were obtained from the Biotério Central of the Universidade Federal do
Tridngulo Mineiro (UFTM), Uberaba, Minas Gerais, Brazil. The study was performed
following the principles of the Helsinki declaration and Basel Declaration and the number of
animals was sufficient to perform statistical analyzes and obtain significant data. It was
approved by the Committee on Ethics in the Use of Animals by UFTM, protocol number 379.

The animals were separated into two experimental groups, randomly, the Tumor group
(n=8), submitted to tumor induction with 4T1 cells; and the DCprev group (n=7), that received
prophylaxis with DC vaccine and subsequent tumor induction. The other three animals were
euthanized to make the DC vaccine. After the experimental period (Figure 1a), the tumors of
the studied groups were removed after euthanasia and necropsy of the animals. The tumors
were submitted to mechanical rupture and the cells were homogenized in physiological

solution, to perform the flow cytometry protocol. The use of enzymes has been discarded
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because there are some cellular markers that could be cleaved by the same

enzymes/collagenases, such as CDs (cluster of differentiation).

Tumor induction

The animals were inoculated with the tumor line 4T1 with a single dose of 2.0x10° cells,
injected into the lower-left mammary gland. Tumor size measurements were made every two
or three days and the tumor volume was measured using largest diameter x smallest diameter?x
0.5 (ROLAND et al., 2009). 4T1 cells were obtained from the Rio de Janeiro Cell Bank. Until
inoculation, the cells were kept in RPMI medium (Sigma-Aldrich®, St. Louis, MO, USA), at
5% COz and 37°C.

Dendritic Cell Vaccine

The vaccine was made from the cells of the bone marrow of 3 Balb/c mice. The cells
were cultured in IMDM medium (Sigma-Aldrich®, St. Louis, MO, USA) supplemented with
0.1 mM vitamins, 2 mM L-glutamine, 100ug/mL gentamicin, 1 mM sodium pyruvate, and 5%
fetal bovine serum, incubated in a 5% CO> and 37°C, in the presence of 10ng/uL of GM-CSF
and 10ng/uL of IL-4. On day 5, the differentiated cells were placed with 10ng/uL of TNF-a and
tumor antigen from the 4T1 cells, obtained by thawing and refreezing. All antibodies were
obtained from BD Pharmigen™, San Diego, CA, USA. On day 07, the differentiated dendritic
cells were washed and resuspended in 0.9% saline. The single dose of 5.0x10° dendritic cells
was applied 7 days before tumor induction. The evaluation of the differentiated DCs was made
qualitatively by visual control through an optical microscope since previous analyzes
demonstrated effectiveness in this differentiation process (LOPES; MICHELIN; MURTA,
2017; SALLUSTO; LANZAVECCHI, 1994).

Flow cytometry protocol

The tumor samples from the different experimental groups were analyzed using the flow
cytometry technique, in a FACS Calibur™ cytometer (BD Biosciences, San Diego, CA, USA).
The technique was performed according to the cytometry protocol suggested by the
manufacturer. We used BD Pharmigen™ antibodies for extracellular labeling (CD3 #cat
553062, CD4 #cat 553050, CD25 #cat 553075, and CD8a #cat 553035) and for intracellular
labeling (Tbet #cat 561266, GATA-3 #cat 560074, RORyt #cat 562607, FoxP3 #cat 560407,
TNF-o #cat 554419, and IFN-y #cat 554411) in addition to the respective markers for isotype.

Leukocyte cells were obtained by centrifugation after using lysis solution (FACS Lysing



44

Solution, BD Biosciences). All antibodies used in the flow cytometry protocol were obtained
from BD Biosciences, San Diego, CA, USA.

Gate strategy: lymphocytes were initially selected based on size and granularity (FSC*
SSC). In lymphocytes, a gate for CD3+ was designed to mark T cells. From this gate, a CD4
vs. CD8 plot was drawn to separate CD4+ and CD8+ T cells. In the CD4+ T population, a Thet
graph was plotted to mark T helper type 1 (Th1), GATA3to mark T helper type 2 (Th2), RORyt
to mark T helper populations of type 17 (Th17) and a graph plotting CD25 and FoxP3 was used
to outline Treg cells. Also from the gate of T CD4+Thet+ and T CD8+ populations, histograms

for the intracellular markings of TNF-a and IFN-y were plotted.

Statistical analysis

All statistical analyses were performed using GraphPad Prism 8.4.3 Software
(GraphPad Software, Inc). Student's t-test was used to compare Tumor and DCprev groups
about aspects of immune cells, with results expressed as mean+SD (standard deviation) and
tumor volume growth, with results expressed as mean+SEM (standard error of the mean). A
correlation test was applied to determine the correlation between tumor size and percentage of

cells (types) using the Pearson test. Values of p<0.05 were considered statistically significant.

Results
Prophylactic DC vaccination promotes smaller tumoral growth

To evaluate the antitumor effects of the prophylactic DC vaccination in tumor
development, the animals had tumor volumes measured every two or three days from the
seventh day after the injection with tumor cells until the moment of euthanasia. The group
vaccinated with DCs activated by the tumor antigen (170.1+60.59) showed less tumor growth
compared to the unvaccinated group/Tumor group (3.179£1.250), (p=0.0131; Figure 1b). This

demonstrates that the prophylactic DC vaccine promotes a smaller rate of tumor growth.

Intratumoral lymphocyte subtypes and the profile of the immune response after prophylactic
DC vaccination

Some specific cell subtypes of the antitumor immune response may be associated with
tumor regression. Thus, the immune response triggered by the prophylactic vaccine was
characterized by flow cytometry through the analysis of the presence of some subtypes of

lymphocytes in tumor samples.
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Figure 1. Evaluation of tumor growth in experimental groups demonstrates that prophylactic
dendritic cells vaccination controls tumor growth. a. Representation of the study design
showing on a timescale the vaccination with dendritic cells, tumor induction and euthanasia.
The single dose of vaccine preceded 1 week of the 4T1 cells injection. The animals had their
tumor volumes measured every two-three days until the day of euthanasia. b. The tumor volume
measured by D x d?x 0.5, where D represents the largest diameter and d the smallest diameter
(*p=0.0131). The animals had tumor volumes measured every two-three days until the day of
euthanasia. Tumor volumes represented by meantSEM (standard error of the mean).
Experimental groups: Tumor (n=08) with animals that received the injection of 4T1 cells;
DCprev (n=07) with animals that received preventive vaccination with dendritic cells and
subsequent injection of 4T1 cells.

A significant increase in the percentage of Th and T CTL cells was observed in the
DCprev group (CD4: 80.54+2.160; CD8: 42.18+2.163) compared to the Tumor group (CD4:
36.92+2.449; CD8: 26.57+2.449), (p <0.0001; Figure 2a).
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Flow cytometry also evaluated the profile of helper T lymphocyte subtypes, Thl, Th2,
Th17, and Treg, in tumor samples, using the mean fluorescence intensity (MFI) of key
transcription factors that participate in the process of differentiation of subtypes.

Thus, it was observed that Thet, GATA3, RORyt and Foxp3 were significantly higher
in DCprev group (Thet: 6074+2.160; GATA3: 2069+2.160; RORyt: 4634+2.160; FoxP3:
4929+2.160) compared to Tumor group (Thet: 2213+2.449; GATA3 1320+2.449; RORyt:
623.1+2.449; FoxP3: 4532+2.449), (p <0.0001, Figure 2b). Furthermore, the Thet factor is
significantly increased about the other transcription factors evaluated in the vaccinated group
(p <0.0001).

The Th1/Th2 and Thl/Treg balance was evaluated and it was observed that Th1/Th2
dynamics had increased in the DCprev (2.935+0.002020) compared to the Tumor group
(1.677+0.001256), with an increase of 1.75x (p <0.0001, Figure 2c). The same pattern was
observed in the Th1/Treg dynamics with a significant increase in the DCprev group
(1.232+0.0001018) compared to the Tumor group (0.48884+0.0002765), an increase of 2.52x

(p <0.0001, Figure 2d). In both situations, polarization occurred in the Th1l domain.
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Figure 2. Flow cytometry of different subsets of intratumoral T cells. Evaluation of the influence
of the prophylactic vaccine on T cell phenotypes by flow cytometry in tumor samples from
different experimental groups. (a.) Gate percentage of Th and T CTL (Tcit) cells in tumor
samples (Th *p< 0.0001; Tcit *p<0.0001). (b.) MFI of transcription factors in Th cells
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(*p<0.0001). (c.) Th1/Th2 balance representation in the studied groups. (d.) Th1/Treg balance
representation in the groups studied. Results represented as a meanz standard deviation (SD).
Unpaired t test was used to determine statistical significance. MFI: Mean Fluorescence
Intensity; Th: Helper T lymphocytes; Tcit: Cytotoxic T lymphocytes. Experimental groups:
Tumor (n=08), animals that received the injection of 4T1 cells; DCprev (n=07), animals that
received preventive vaccination with dendritic cells and subsequent injection of 4T1 cells.

Evaluation of TNF-a and IFN-y cytokine production by helper T and cytotoxic T lymphocytes

Still using flow cytometry, we evaluate the impact of DC vaccine in TNF-a and IFN-y
expression cytokines on helper T and cytotoxic T lymphocytes. Figure 3a-f demonstrates this
expression through the percentage of the gate and by MFI. It is observed a significant increase
in the two cytokines in the vaccinated group, both in Thl and T CTL. The vaccine influenced

the production levels of these cytokines compared to the non-vaccinated group.
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Figure 3. Evaluation of TNF-a and IFN-y production in Th and T CTL lymphocytes. Evaluation
of the influence of the prophylactic vaccine on the expression of TNF-o and IFN-y in Thl and
T CTL cells by flow cytometry. (a.) Gate percentage of TNF-a-producing Thl lymphocytes
(*p<0.0001). (b.) Gate percentage of IFN-y-producing Thl lymphocytes (*p <0.0001). (c.) MFI
of TNF-a and IFN-y in Thl lymphocytes (*p<0.0001). (d.) TNF-a production by T CTL
(*p<0.0001). (e.) IFN-y production by T CTL lymphocytes (*p<0.0001). (f.) MFI of TNF-a
and IFN-y in T CTL lymphocytes (*p<0.0001). Results represented as meanzstandard deviation
(SD). Unpaired t test was used to determine statistical significance. MFI: Mean Fluorescence
Intensity. Experimental groups: Tumor (n=08) with animals that received the injection of 4T1
cells; DCprev (n=07), animals that received preventive vaccination with dendritic cells and
subsequent injection of 4T1 cells.

Correlation between tumor volume and immune cells
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We have shown that immune response cells are increased in the previously vaccinated
group and the tumor volume in the same animals was showed a lower growth rate compared to
the unvaccinated group. However, when we performed the correlation analysis between the
immune cells and the tumor volume, it is not possible verified a significant relation (Table 1).

It is worth noting that even not though the correlation, the animals that received the
vaccine presented a higher percentage of Th and T CTL cells to the Tumor group and this data

can modify the clinical impact of the antitumor immune response in the animal.

Table 1: Correlation between the T cells and tumor volume.

Group studied Variable studied Correlation p
Coefficient
CD4 0.1230 0.7716
CD8 0.1230 0.7716
Thl 0.1230 0.7716
Tumor Th2 0.1231 0.7717
Th17 0.1232 0.7718
Treg 0.1233 0.7719
CD4 0.4082 0.3632
CD8 0.4075 0.3642
Thi 0.4082 0.6332
DCprev Th2 0.4083 0.6333
Th17 0.4084 0.6334
Treg 0.4085 0.6335
Discussion

Dendritic cells vaccines have studied for pre-surgery and post-surgery treatment of
several types of cancers and vaccination strategies have been developed considering these
special coordination properties of immune responses (BAUER et al., 2011; MARKOQV et al.,
2015; SHANGGUAN et al., 2020; SIMON; FONTENEAU; GREGOIRE, 2009). Therefore,
the identification of protocols that result in a potent, robust, and lasting immune response that
promote regression and/or eradication of tumors, has been the focus of several studies (LOPES;
MICHELIN; MURTA, 2017; PALUCKA; BANCHEREAU, 2013; PEREZ; DE PALMA,
2019). However, as a stand-alone therapy or as a prophylactic therapy, DC’s vaccines have not
been much investigated. Understanding the idea of vaccination strategy, as well as the biology,
function and metabolism of DCs, would help us to better explore this tool, supporting the ideia
of its use in the delay of tumor development.

In this study, we evaluated the role of the prophylactic autonomous DC vaccine in

antitumor immune response in a murine model for breast cancer. It was observed that
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prophylactic DC vaccination inhibited tumor growth in mice. The same was observed in a
prophylactic vaccination study in a pancreatic cancer model (pancreatic ductal
adenocarcinoma) (SHANGGUAN et al., 2020). These data suggest that vaccination alone used
autonomously can be an efficient adjunct tool in the clinical setting. Other perspectives need to
be verified, as the ideal strategy for vaccination and the best way for this tool.

Another study demonstrated the efficiency of the DCs vaccine in the process of
inhibiting metastases, and not specifically their role in the primary tumor (MARKQV et al.,
2015). This perspective showed the prophylactic role of a DC vaccine is quite broad, and it
could be the difference in the the future.

In the tumor microenvironment, thus as in the carcinogenesis process, some mechanisms
make the DCs into disfunction and tolerogenic cells (FU; JIANG, 2018; LIN et al., 2020;
LURJE; HAMMERICH; TACKE, 2020; SELEDTSOV; GONCHAROV; SELEDTSOVA,
2015). So, using a DC-based vaccine at any time of this process could show satisfactory results
that have a relation with DC’s role: generation a specific immune response by T CTL and Th1
cells (AHRENDS et al., 2019; OTT et al., 2019).

The T TCL is an important cell to antitumor response as a result of acting on the death
of tumor cells by several mechanisms. Including, its presence is associated with better responses
and good predictors of the immune response (DURGEAU et al., 2018; FARHOOD; NAJAFI,
MORTEZAEE, 2019; MAHMOUD et al., 2012, 2011; MARTINEZ-LOSTAO; ANEL;
PARDO, 2015).

However, prophylaxis in our study promoted an increase not only in T CTL and in Th1.
Also in other lymphocytes, as Th2 and Treg, subtypes associated with immunosuppression of
antitumor immune mechanisms, and in Th17, which has different roles depending on the
context evaluated (CUNHA et al., 2020; KACHLER et al., 2018; STANTON; DISIS, 2016;
TINDEMANS et al., 2014; TOSOLINI et al., 2011),

Due to the increase in all subtypes, we evaluated the Th1/Th2 and Thl/Treg. This type
of data provides us with information on the dynamics of this balance (exchange of responses)
since this balance is integrated into the immune regulation in a very dynamic way and linked
to other patterns of immune responses, such as DCs. Th1/Th2 cell differentiation is counter-
regulatory and self-reinforcing. When this balance changes to a Thl domain, the results are
favorable to the antitumor immune response as seen in the vaccinated group. The tumor
microenvironment transferred to the Thl dominance may have beneficial effects on tumor
regression (KACHLER et al., 2018; LEE et al., 2019; OTT et al., 2019; STANTON; DISIS,
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2016; TOSOLINI et al., 2011). This corroborates with our data, in which the prevalence of Thl
occurs over the other subtypes.

Currently, Th1 cells correlate with the best disease outcome in a broad spectrum of solid
tumors. This is partly due to its robust IFN-y production and its downstream pleiotropic effects
(BURKE; YOUNG, 2019; FONG et al., 2001; JORGOVANOVIC et al., 2020). We further
evaluated the production of cytokines IFN-y and TNF-a by cells of the Thl and T CTL cells
and observed an increase in both cells in both cells. TNF-a is a pleiotropic cytokine capable of
engaging both promoter and suppressor responses in tumors and an important mediator of
inflammatory responses, depending on the concentration and context. But a more
comprehensive understanding of the central role of this cytokine for better clinical interventions
is still important (BALKWILL, 2011, 2012; EGBERTS et al., 2008; MERCOGLIANO et al.,
2020).

Therefore, the reduction in tumor volume that observed in the vaccinated group may be
associated with an increase in the Thl and T CTL cells, as well as the production of IFN-y and
TNF-o by these cells. Moreover, this interaction raises a crucial point in establishing that
response and in the role played by prophylactic vaccination with DCs: immune memory. Some
of the T cells generated from the antigen-specific response induced by DC vaccination survive
as memory cells and are maintained for periods in peripheral tissues. This allows them to be
broadly divided into subsets of central memory and effective memory. Nevertheless, it is not
yet clear what stimulates this division and its frequency (LANZAVECCHIA; SALLUSTO,
2005; SALLUSTO; GEGINAT; LANZAVECCHIA, 2004).

The existence of these subdivisions leads us to infer that prophylactic vaccination can
induce mechanisms of immune memory as a result of a decrease in tumor volume observed. It
may be associated with the presence of the already mentioned immune T cells and the
maintenance of this response throughout the analyzed time scale. It is worth mentioning that
the mechanisms that encourage this division are not yet clear. This is an important point of DC
vaccine: the ability to activate T lymphocytes and initiation of the specific immune response
depends on the state of maturity, and also the maintenance of the long-term response
(LOKHOV; BALASHOVA, 2010; MATHIS; BENOIST, 2004).

However, assessing the immune and clinical efficacy of the DC vaccine is a complex
task. Studies find difficulties in how to assess the clinical efficacy and how to define biomarkers
to assess that efficacy. The association of clinical and immunological parameters as a tool for
the analysis of the therapeutic of this vaccine on inhibiting primary tumor growth is
demonstrated in some trials (HONG et al., 2013; KANDALAFT et al., 2013; KOIDO et al.,
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2000; PHUPHANICH et al., 2013; VIK-MO et al., 2013), but data on the prophylactic form are
still scarce. The first FDA approval for a therapeutic vaccine based on dendritic cells was
Sipuleucel-T (APC 8015), an APC-based cellular product of enriched peripheral blood (with a
prostatic acid phosphatase fusion protein and GM-CSF). It showed satisfactory results of the
patients' prolonged average survival (DRAKE, 2011; KANTOFF et al., 2010).

The use of DCs as a prophylactic anti-tumor vaccine can be used in people with a genetic
predisposition to cancer with a high risk of malignancy or in patients with levels of tumor
markers in the blood (indicative of the risk of tumor development), and in situations in which
that the tumor has not discovered but there is a high probability of development (MARKQV et
al., 2015). Prophylactic vaccination provides timely activation of antitumor immune
surveillance in the absence of tumor burden and induction of T CTL cells specifically initiated
with a positive effect on the humoral immunity (TOPFER et al., 2011).

In future studies, in vitro cytotoxicity analyzes can be included to track the activity of
cytokines secreted by T CTL cells and determine the ability to induce cell death. Furthermore,
it is interesting to include memory markers. Consideration should be given to the inclusion of
new vaccination protocols with DC as well as different vaccination routes, analyzing whether
this can alter the pattern of the immune response for the experimental design proposed in our
study.

In summary, this work demonstrated significant efficacy of the prophylactic DC vaccine
(pre-exposure situation). It can act on tumor growth in the model studied and improve the
antitumor immune response by promoting an increased activation of cells and can provide a

timely activation of antitumor immune surveillance in the absence of tumor burden.

Future perspective

Immunotherapy based on dendritic cells has shown to be a promising approach for treatment,
by promote protection in cases of recurrence. A tool takes advantage of the immune system
itself to eliminate tumor cells and metastatic processes. However, there are frequent questions
about the vaccine's effectiveness, such as the ideal method of preparing the vaccine. It is still
premature to affirm the most efficient method of using and differentiating dendritic cells, which
maintain robust and long-lasting responses, and which overcome the evasive immune
mechanisms of the tumor microenvironment. However, previous and baseline studies, like this
one, provide important information that contributes to the knowledge of dendritic cells and

tumor biology. Furthermore, the dendritic cell vaccine must be thought of as a combinatorial
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tool with other established approaches. Furthermore, questions such as the ideal moment for
vaccination and the role of combinations have yet to be assessed.

Summary points

Dendritic cells have been used as a treatment for some subtypes of cancer, but the role in the
prevention or control of cancer is not commonly evaluated.

The development and use of strategies that activate specific, robust, and long-lasting antitumor
immunity are crucial, in the near future, to improve combinatory approaches in the clinic of
patients with cancer.

The safety of dendritic cells has been established in vivo trials and presents minimal side effects.

Prophylactic dendritic cell vaccination works by reducing tumor growth.

Dendritic cell vaccine may inhibit 4T1 tumor growth recurrence, by inducing antitumor

immunity and maintained a lower rate of growth.

The vaccination promotes an increase in the antitumor immune response.

The dendritic cell vaccine induces an increase of Thl and cytotoxic T lymphocytes; and an

increase of TNF-a and IFN-y by both cells.

The antitumor immunity induced by the dendritic cell vaccination promotes the lower growth

in tumors.
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Abstract

Background/Aim: Liver metastases are among the principal mortality causes in cancer patients.
Dendritic cell immunotherapies have shown promising results in some tumors by mediate
immunological mechanisms that could be involved in liver metastases during primary tumor
growth. Materials and Methods: We analyzed the liver of adult female mice of the Balb/c
submitted or not to vaccination with dendritic cell before the induction of 4T1 tumor lineage
by flow cytometry (markers CD3, CD4, CD8, CD25, IL-10, IL- 12, IL-17, TNF-q, I[FN-y, T-
bet, GATA3, RORyt, and FoxP3) and HE. The dendritic cell vaccine was differentiated and
matured ex vivo from the bone marrow. Results: Prophylactic vaccination reduced areas of liver
metastases (p=0.0049), promoted an increase in the percentage of total T and cytotoxic T
lymphocytes (p <0.0001), as well as FoxP3 (p <0.0001). It also increased the cytokines IL-10
and IL-17 in helper T lymphocytes (p <0.0001). Conclusion: The prophylactic dendritic cell
vaccine changes the cell phenotype in the liver's immune response, and it was able to reduce
metastases. Cytotoxic T cells and Treg are more present, likewise, the production of IL-10 and
IL-17 simultaneously, demonstrating that the vaccine can induce a state of control of pro-
inflammatory responses, which can favor a less favorable environment for installation

metastatic.
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Introduction

Although liver is not considered a classic secondary lymphoid organ, it represents a
unique site for the development of adaptive immune responses. The responses are mediated by
a diverse repertoire of immune cells and other non-hematopoietic cells. In addition to
hepatocytes, there is a considerable wealth of antigen-presenting cells (APCs), natural killer
cell (NK), natural killer T cell (NKT), T and B lymphocytes, neutrophils, eosinophils, and
components of the complement system (KUBES; JENNE, 2018). However, the full spectrum
of immune cells that resides in the liver and their role in different pathophysiological processes
is still unclear.

In the liver, the generation of an integrated adaptive immune response may not occur as
efficiently and directly as in a lymph node or spleen. Some authors considered this to be
immune paralysis. However, it could occur due to patterns related to the organ’s anatomy,
physiology, and location, which directly affect the way the organ will articulate its immune
mechanisms (HINES; SON; KREMER, 2010).

The liver can activate a robust immune response via T cells in baseline conditions;
however, it needs to have an immune-tolerogenic response pattern that leads to the expansion
of cognate T lymphocytes, without supporting the effectiveness of cytotoxic effector functions
(DIEHL et al., 2008; DURAND; FRANCOZ, 2017). The organ can still provide a hypoimmune
environment, with an easing in the processes of immune tolerance, which could justify the
success of transplants (KUBES; JENNE, 2018).

Liver is often a target organ for metastases from different types of primary tumors (5).
Metastatic development is a multi-step process, supported by both the primary tumor site and
the hepatic metastatic microenvironment. Growth factors, cytokines, and other soluble factors
are involved in the interactions between the disseminated cancer cells and the resident hepatic
cells that control liver metastasis (CLARK et al., 2016; KORKAYA; LIU; WICHA, 2011; WU
et al., 2017). The presence of liver metastases represents a poor prognosis, affecting the overall
survival of patients (HE et al., 2017).

In the fight against neoplasms, immunotherapies can be applied to treat the disease with
minimal impact on normal tissues. The cell-based vaccines can be of a prophylactic or
therapeutic type. Both types have been shown to generate a specific immune response against
the tumor, and in parallel have the capacity to generate cellular immune memory, aiming to
protect against possible recurrences (ALY, 2012).

Dendritic cells (DCs) have a fundamental role in antitumor vaccine models for the

treatment of cancer, as they have a high potential for stimulation of T lymphocytes
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(PALUCKA; BANCHEREAU, 2013). In the literature, there are studies demonstrating that the
antitumor immune response provided by the DC vaccine-activated effector T lymphocytes
ensures an efficient antitumor mechanism. This is due to the fact of DCs being the best antigen-
presenting cells, performing the processes of recognition, processing, and presentation of tumor
cell antigens, as well as of their potential to stimulate T lymphocytes and establish a bridge
between immune mechanisms. Therefore, DC vaccination allows tumor regression and
remaining memory cells, hence, protecting recurrences (PALUCKA; BANCHEREAU, 2013).

Murine breast carcinoma with 4T1 cells is a highly tumorigenic and invasive model,
with a very aggressive profile, with rapid evolution, high risk of recurrence, mostly visceral
metastases, high death rates, and significant resistance to immunotherapies (BOYLE, 2012).
Therefore, it is important to have alternatives that control its growth, preventing its accelerated
dissemination, focusing on detection and prognosis.

In this work, the aim was to evaluate the impact of prophylactic dendritic cell
vaccination on the phenotypic profile of T lymphocytes and metastases in the liver of mice with

4T1 mouse breast carcinoma, submitted to prophylactic vaccine with dendritic cells.

Materials and Methods
Animals. A total of 25 adult female Balb/c mice (6-8-weeks-old, an average weight of 23g+0.8
g) from Biotério Central of Universidade Federal do Triangulo Mineiro-UFTM were used. The
animals were kept in plastic cages, in a closed housing system with ventilation and controlled
temperature (21+3°C), in a 12-h light-dark cycle, with access to food and water ad libitum.
The animals were randomized into three experimental groups: C (Control; n=7) animals
without induction of 4T1 mouse breast tumor cells and without prophylactic vaccination by
dendritic cells; group T (Tumor; n=8), with animals submitted to tumor induction with 4T1
cells; and group DC (Dendritic cell vaccine; n=7), with animals that received dendritic cell
vaccine and subsequent tumor induction (Figure 1). Three animals were euthanized for the
preparation of the dendritic cell vaccine. This study was approved by the Ethics Committee on
the Use of Animals - CEUA of the UFTM (registration number 379) and followed the

regulations of the Basel Declaration.

Tumor induction of breast cancer model. The animals of T and DC groups were inoculated with
4T1 mouse breast tumor cells (model of syngeneic transplantable tumors) (MILLER; MILLER,;
HEPPNER, 1983; TAO et al., 2008); in a single dose of 2.0 x 10° cells, injected into the lower-
left mammary gland. This lineage has tumor growth and metastatic spread similar to stage 1V
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human breast cancer. The strain was obtained by the Rio de Janeiro Cell Bank and maintained
in RPMI-1640 medium (Sigma-Aldrich®, St. Louis, MO, USA), supplemented with 0.24%
HEPES (CgH1sN204S), sodium bicarbonate (NaHCO3), 10% fetal bovine serum (FBS), 1%
streptomycin, 1% L-glutamine (200 mM), 0,1% sodium pyruvate (C3zHsNaOs), 0.1% p-
mercaptoethanol (C2HeOS), at 5% CO2 and 37°C. All products used for supplementing the
RPMI-1640 medium were obtained from Sigma-Aldrich®, St. Louis, MO, USA.

Dendritic cell vaccine and vaccination protocol. The dendritic cell vaccine was made from the
bone marrow of the femur and tibia of the three mice Balb/c, grown in IMDM medium (Sigma-
Aldrich®, St. Louis, MO, USA), supplemented with 0.1 mM of vitamins, 2 mM L-Glutamine,
100 pg/ml Gentamicin, 1 mM Sodium Pyruvate and 5% FBS, incubated in a 5% CO> and 37°C.
All products used for supplementing the IMDM medium were obtained from Sigma-Aldrich®.

On the first day, the cells were stimulated with 10 ng/ul of Granulocyte-macrophage
Colony-stimulating factor (GM-CSF) and 10 ng/ul of IL-4. In day five, cells were stimulated
with TNF-o and tumor lysate from 4T1 cells. GM-CSF, IL-4 and TNF- o was obtained from
BD Pharmigen™, BD Biosciences, San Diego, CA, USA. After 48 h of incubation, the
differentiated dendritic cells were washed and resuspended in 0.9% saline solution. A single
dose of 5.0 x 10° cells was administered in the animals of the DC group, 7 days before tumor

inductions with 4T1 tumor cell line (Figure 1).

DC vaccine 4T1 breast cancer Euthanasia and
injection challenge dissection (liver)
—® @ ® .
0 +8 436 DAy
Balb/c mice
B
100 um

Figure 1. Representation of the experimental design. (A) Experiment period showing
vaccination, tumor induction, and euthanasia on a temporal scale. (B) Representation of
dendritic cell morphology after differentiation with granulocyte-macrophage colony-
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stimulating factor (GM-CSF), interleukin (IL)-4, tumor necrosis factor (TNF)-a, and lysate
tumor (scale bar 100 pm).

Isolation of liver cells and flow cytometry. At the end of experimental period, the livers were
removed after euthanasia and necropsy of the animals. Part of the organs was subjected to
mechanical rupture, and the cells followed a flow cytometry protocol. All material for flow
cytometry analysis was obtained from BD Biosciences, San Diego, CA, USA. The leukocyte
cells of liver were obtained by centrifugation after using lysis solution FACS Lysing Solution.
The technique was performed according to the protocol suggested by the manufacturer, using
BD Pharmigen™ antibodies for extracellular labeling (CD3, CD4, CD25, and CD8 for
lymphocyte evaluation) and for intracellular marking (T-bet, GATA3, RORyt, FoxP3, IL-12,
TNF-a, IFN-y, IL-10, and IL-17A). The liver samples from the three experimental groups were
analyzed using FACS Calibur™ cytometer.

Gate strategy: lymphocytes were initially selected based on size and granularity (FSC
x SSC). In lymphocytes, a gate for CD3" was designed to mark T cells. From this gate, a CD4
vs. CD8 graph was plotted to separate CD4" and CD8" T lymphocytes. Within the CD4™ T
lymphocytes, a T-bet graph was plotted to mark helper T lymphocytes type 1 (Thl), another
plotting GATA-3 to mark helper T lymphocytes type 2 (Th2), RORyt, to mark helper t
lymphocytes type 17 (Thl7) and a graph plotting CD25 and FoxP3 was used to outline
regulatory T lymphocytes (Treg). Also from the helper T lymphocytes gate (CD3+CD4+),
histograms for the intracellular TNF-a, IFN-y, IL-12, IL-17, and IL-10 markings were plotted.
Analysis of metastases in the liver (H&E) — histology. The livers of T and DC group were fixed
in a 10% formalin solution, followed by inclusion in paraffin. Tissue was cut in 5-um sections
in an automated rotating microtome (Leica RM2255) and the sections were stained with the
hematoxylin and eosin (H&E). The slides were observed under an optical microscope (Olympus
BX41). Qualitative and quantitative measurements were made by blinded researchers. For each
organ, three slides were prepared so that the entire organ could be sampled. In each slide, 15
blind fields were evaluated (45 fields per animal of each group). Quantification of metastases
was performed using a Nikon Eclipse Ti2 microscope with Nikon Analyzes Software.

Statistical analyses. Graphs and statistical analyses were performed using GraphPad Prism 8.4
(GraphPad Software). One-way ANOVA with Tukey post-test and t-Student was performed

with results expressed as meanzSD. Fisher's exact test was used to establish statistical
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differences in the association of vaccination and metastasis. For all analyses, p<0.05 was
considered statistically significant.

Results
The prophylactic vaccine with dendritic cells reduced the number of liver metastases.
Metastatic liver areas were observed in all animals in the two groups, T and DC (Figure 2). In
general, the foci of metastases were smaller and more rare in DC than in T group.

First, we evaluated the association between vaccination and the number of fields that
were positive or negative for metastases. A number of 45 fields were evaluated per animal (15
fields per slide, 3 slides per animal, totaling 360 fields evaluated for the T-group, and 315 fields
for the DC). A reduction in the positive fields was observed in DC (95 fields) compared to the
T group (171 fields) (p<0.0001; Figure 2A). Thus, the data showed that approximately 70% of
the total evaluated fields were negative in the DC group. In addition, when the total metastasis
area was measured, a statistically significant reduction was observed in DC (0.7 x 10°+0.41 x
10°) compared to T (3.8 x 10%+2.3 x 10) (p=0.0049; Figure 2B). Figures 2C and 2D illustrate
metastatic foci found in animals of the T and DC group, respectively. Therefore, prophylactic
vaccination with dendritic cells appeared to reduce total number of metastases and total

metastasis area in the liver of mice with breast cancer.
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Figure 2. Prophylactic dendritic cell vaccination reduced the metastatic area in the liver of
Balb/c mice induced to breast cancer with 4T1. (A) Quantification of metastasis-positive fields
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in the two experimental groups; p<0.0001, according to Fisher’s exact test. (B) Quantification
of metastases. Statistical test: independent sample t-test. The results are expressed as meanzSD.
**p=0.0049. (C) Representation of a metastatic area (arrow) in an animal in the Tumor group.
(D) Representation of a metastatic area (arrow) in an animal in the DC group. Scale bar: 100
pum. T: Tumor group; DC: dendritic cell vaccine group.

Subtypes of intrahepatic lymphocytes and cytokine production by helper T lymphocytes. The
characterization of the phenotypic profile of immune cells in the livers of animals was
performed by flow cytometry, right after euthanasia. The percentage of total T lymphocytes
(CD3") was higher in the DC group (97.03+1.83) compared to the group T (85.09+2.38)
(p<0.0001) (Figure 3A). The percentage of cytotoxic T lymphocytes (CD3"CD8") was also
significantly higher in the same group (DC) compared to T (p<0.0001) (Figure 3C). However,
the percentage of helper T lymphocytes (CD3*CD4") did not show significant changes
(p=0.2756; Figure 3B) between the two groups (T and DC).
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Figure 3. Percentage changes of T lymphocytes in the liver of mice with breast cancer,
submitted or not to prophylactic DC vaccination. (A) Percentages of total T lymphocytes
(CD3") (p<0.0001). (B) Percentages of helper T lymphocytes (CD4") in each experimental
group (p=0.2756). (C) Percentages of cytotoxic T lymphocytes (CD8%) in each experimental
group (p<0.0001). Statistical test: One-way ANOVA with Tukey’s multiple comparison test.

The results are expresses as meanzSD. *p<0.0001. C: Control group; T: tumor group; DC:
dendritic cell vaccine group.
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Regarding lymphocyte populations, the profile of T helper lymphocyte subtypes was
also evaluated using the mean fluorescence intensity (MFI) of the key transcription factors of

the differentiation process. The transcription factors T-bet, GATAS3, and RORyt were
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significantly reduced in the vaccinated group (p<0.0001), compared to the T group (Figure 4A-
C). However, FoxP3 was increased in the DC group compared to the tumor group (p<0.0001),

while was decreased compared to the control group (p<0.0001; Figure 4D).

>
(=]
[=]
o
o

:

*

v1)

5000+

0 T T

[-2d
o
[=]
o
1

[
o
[=]
o
1

o

Helper T Lymphocytes (MFI)
]
[=]
o
Transcription factor GATA3
in Helper T Lymphocytes (MFI)

Transcription factor T-bet in

o
o

=]
[=]
o
[=]

[=23
[=3
o
o

&~
o
o
(=]

N
[=]
(=]
o

1000+

Transcription factor RORyt
in Helper T Lymphocytes (MFI)

Transcroption factor FoxP3
in Helper T Lymphocytes (MFI)

o

c T DC

o

c T DC

Figure 4. Transcription factors of hepatic T helper lymphocytes in the liver of mice with breast
cancer, submitted or not to prophylactic DC vaccination. The graphs represent the mean
fluorescence intensity (MFI) of T-bet™ (A), GATA3" (B), RORyt" (C), and FoxP3" (D) hepatic
T helper lymphocytes in each experimental group. The results are represented as mean+SD.
*p<0.0001, according to one-way ANOV A with Turkey’s multiple comparisons test. T-bet: T-
box expressed in T-cells; GATA3: GATA binding protein 3; RORyt: retinoic acid-related
orphan receptor gamma t; FoxP3: forkhead box P3; C: control group; T: tumor group DC:
dendritic cell vaccine group.

We also evaluated the impact of prophylaxis on the expression of cytokines IL-12, IFN-
Y, TNF-0, IL-10, and IL-17 in helper T lymphocytes. IL-12, IFN-y, and TNF-a were
significantly reduced in the vaccinated group, compared to the T group (p<0.0001). The
cytokines IL-10 and IL-17 were significantly increased in the DC group compared to the T
group (p<0.0001; Figure 5).

Discussion

Liver is a target organ for metastases in several types of cancers. In breast cancer,

metastases could target various organs, such as lymph nodes, liver, lungs, brain, and bones
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(TSUJI; PLOCK, 2017). The hepatic metastases represent poor prognosis in breast cancer,
affecting survival of patients (HE et al., 2017; PENTHEROUDAKIS et al., 2006).

Control
------ Tumor
===+ DC

Figure 5. Expression of cytokines (IL-12, IFN-y, TNF-a, IL-17, and IL-10) in T helper
lymphocytes obtained from the liver of mice with breast cancer, submitted or not to DC
vaccination. The cytokine levels were quantified in T helper lymphocytes (CD3*CD4") by flow
cytometry. The values represent the MFI. IL-12, IFN-y and TNF-a were significantly reduced
in DC compared to T; while IL-10 and IL-17 were significantly increased in DC compared to
T; *p<0.0001, according to one-way ANOVA with Turkey’s multiple comparisons test. C:
Control group; T: tumor group: DC: dendritic cell vaccine group; MFI: mean fluorescence
intensity.

Considering the immune context, liver represents a fundamental spot for adaptive
immune responses, even though it is not considered a typically secondary lymphoid organ, as
spleen, for example (BOGDANOS; GAO; GERSHWIN, 2013; KUBES; JENNE, 2018).
Furthermore, it is known that the immune response, depending on its mechanisms, could
mediate the progression or regression of cancer, facilitating or not the implantation of
metastatic. This demonstrate the complex modulations of the immune system (DOUGAN,;
DRANOFF, 2009). Thus, this study sought to assess the impact of prophylactic DC
vaccination, evaluating the metastatic area and profile of T lymphocytes in the liver of animals
with breast cancer.

Our data showed reduced metastatic areas in the livers from vaccinated animals,
suggesting that DC-vaccination may be an important instrument to manipulate the antitumor
and metastatic response. Previous studies have also demonstrated the antitumor and
antimetastatic effect of prophylactic DC vaccination in melanoma and pancreatic cancer
(MARKOQV etal., 2015; ODA et al., 2012; SHANGGUAN et al., 2020).; however, there is little

data on its effectiveness in target organs for metastases, such as liver.
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Some studies have shown that the DC vaccine could act on both growth of the tumor
and antimetastatic response by mechanisms of the antitumor immune response. They
demonstrated that autologous DCs loaded with tumor antigens increased the polarization of Thl
immune responses and reduced Treg, in addition to the cytotoxicity generated by DC.
Moreover, the vaccine induced responses and cytotoxic T lymphocytes, both in vitro and in
vivo. Thus, they suggested that immunotherapy with DC in the context of breast cancer not only
is safe, but it also reduces the risk of relapse and improves immune parameters, and can be a
strategic approach to combating metastasis. Generally, this activity may be associated with
immune surveillance generated by vaccination, specifically prepared for antitumor activity. Thl
cells and an increase of cytotoxic T lymphocytes mediate this antitumor mechanism. However,
these studies did not used the DC vaccine as a prophylactic intervention (SHEVCHENKO et
al., 2020; TOMASICCHIO et al., 2019).

The liver, as a secondary lymphoid organ, activates T cells locally and this activation
occurs in an environment that is biased towards immune tolerance (CRISPE, 2014). Immune
tolerance could be attributed to the low expression of the major histocompatibility complex
(MHC) and IL-10 expression (BERTOLINO; MCCAUGHAN; BOWEN, 2002,
PILLARISETTY etal., 2004; SANA et al., 2014). Even though the liver is a tolerogenic organ,
its immune function can generate rapid and controlled responses to tumor cells or pathogenic
organisms that have the liver as their target (PROTZER; MAINI; KNOLLE, 2012).

Despite the metastatic reduction due to prophylactic vaccination, our data indicated an
increase in cytotoxic T lymphocytes and Treg in the liver tissue. The liver is rich in
lymphocytes. Even though they are populations similar to those present in the peripheral
circulation, these lymphocytes differ in proportions and performance standards, and their roles
remain uncertain (KUBES; JENNE, 2018). The composition and location of cell populations
can change liver inflammatory conditions. Associated with anatomy and the vasculature liver,
these conditions can exchange immunological information continuously due to communication
with splenic venous system and inferior vena cava, lymphatic drainage (BOGDANOS; GAO;
GERSHWIN, 2013; CHAUDHRY; EMOND; GRIESEMER, 2019).

In the liver, T helper lymphocytes play a crucial role in the production of cytokines that
act on hepatocytes and other immune response cells. Cytotoxic T lymphocytes, activated or
memory cells, are also present in the liver and their activity is associated with apoptosis and
exclusion of T cells (ROBINSON; HARMON; O’FARRELLY, 2016). Some studies have
pointed out liver-mechanisms that actively prevent the generation of cytotoxic T lymphocytes,

preventing immunity mediated by functional T cells and inducing T cell tolerance (BERG et
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al., 2006; DIEHL et al., 2008). However, this information is still uncertain. The liver T helper
lymphocyte subtypes are in balance, Th1/Th2 and Th17/Treg. The Th1l cells are involved in
pro-inflammatory cell-mediated responses, while the Th2 cells promote tolerance (JAESCHKE
et al., 2002). An imbalance, however small, leads to the production of dominant cytokines for
one of these profiles.

Th17 are closely related to Treg; the reciprocal relationship between these two
represents a delicate balance between tolerance and induction of inflammatory responses or
immune tolerance (NOACK; MIOSSEC, 2014). A Th17/Treg imbalance may be responsible
for liver-pathological processes (WANG et al., 2014). In other words, it seems that these two
cells populations make it possible to maintain a subtle balance in liver homeostasis, while a
slight imbalance is associated with diseases and injuries (ZHANG; JIANG; ZHANG, 2019).

In hepatocellular cancer, an imbalance of Th17 and Treg seems to be associated with
the process of carcinogenesis. The isolated increase in intratumoral Th17 is indicative of tumor
activity and angiogenesis. It also affects the prognosis and is associated with low survival rates
(YANetal., 2014; ZHANG et al., 2009). Thus, Th17 and Treg and their cytokines play a double
role in the liver. The lack of control of the immune system in this organ can generate favorable
conditions for metastatic development. Therefore, considering that our data showed that there
IS an association between an increase in cytotoxic T lymphocyte and Treg and an increase in
IL-10 and IL-17, the combined effects seem important for the hepatic immune responses acting
on metastasis. Anyway, the presence of Treg is fundamental in regulating a balance on hepatic
inflammatory responses and seems to have substantial effects that need to be further evaluated
(ZHANG; JIANG; ZHANG, 2019).

Another point that leads us to assume a relative tolerance is the low levels of IL-12
observed in the vaccinated group. This environment promotes change in Th1l to Th2 responses
and maintenance of Treg (JOMANTAITE et al., 2004), which would justify the increase of this
phenotype in our study. At the same time, other cells, such as the myeloid lineages, could create
new modulations of the immune responses (CALMEIRO et al., 2020).

In addition to the increase in IL-10, we also found that IL-17 was increased in the
vaccinated group. IL-10 is an important anti-inflammatory and immunosuppressive cytokine
that acts by inhibiting the synthesis of other cytokines, such as IL-12, IFN-y, and TNF-a, as
well as inhibiting proliferation and Th1 at the expense of Th2. Simultaneously, it can also be
an important differentiating factor for cytotoxic T lymphocytes, even if it is not its primary
function (THOMPSON-SNIPES et al., 1991).
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It is worth mentioning that the healthy adult liver tends to have an active and complex
environment composed of cytokines, either pro-inflammatory, such as IL-3, IL-7, IL-12, IL-15,
and IFN-y, or anti-inflammatory, such as IL-10, IL-13, and TGF-f (KELLY et al., 2006). This
cytokine environment exists in the absence of any pathogen or pathological inflammation and
arises through habitual and physiological processes in the liver (TU et al., 2007), which
emphasizes and supports the idea of why healthy liver is described as immunologically
tolerogenic. However, it is still evident that rapid and robust immune responses are successfully
generated in this environment (CRISPE, 2014; PROTZER; MAINI; KNOLLE, 2012).

Our study allowed a description of immune cell populations in the liver tissue involved
in the antitumor immune response. We also demonstrated the importance of prophylactic
immunotherapy beyond the tumor microenvironment. Other phenotyping and genotyping
methods could provide a better knowledge of the possible interactions in this tissue.

The prophylactic DC vaccine altered the cell phenotype in the liver immune response,
suggesting that the liver functions as an important regulator of systemic immunity. Our data
reveal that the liver mediates distinct functional processes to the preventive response induced
by the vaccine, acting as sentinel, which can lead to the interference of metastatic processes.
These findings demonstrate that the DC vaccine controls the pro-inflammatory environment,
promoting the increase of cytotoxic T cells and regulatory T lymphocytes and increases the
production of 1L-10 and I1L-17, simultaneously. However, additional research is needed in order
to comprehend these mechanisms and their relationships.

The literature has mentioned the DC vaccine as a mechanism to control cancer
recurrence and as an enhancer of the immune response. Therefore, these data provide evidence
of timely activation of immune surveillance in the absence of tumor burden, as well as new
perspectives about the immunotherapies scenario. Besides, it can be associated in the future

with the study of control metastases cancer.
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Imunoterapia profilatica com células dendriticas reduz metastases pulmonares em
modelo de cancer de mama experimental
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RESUMO

Introducdo e objetivo: As metastases pulmonares sdo uma das causas de mortalidade em
pacientes com cancer de mama. A imunidade antitumoral induzida por células dendriticas tém
mostrado resultados promissores em alguns tumores por mediar os mecanismos imunoldgicos.
Portanto, 0 objetivo desse trabalho foi avaliar o papel da profilaxia com vacina de células
dendriticas em metastases pulmonares e em linfécitos T esplénicos de camundongos
submetidos & indugdo tumoral com carcinoma mamario com células 4T1. Materiais e Métodos:
Utilizamos 25 camundongos fémeas adultas da linhagem Balb/c, separadas em trés grupos
experimentais: Controle (n=07), Tumor (n=08) e Vacina DC (n=07). Os animais do ultimo
grupo receberam uma dose Unica de vacina de células dendriticas, antes da inducdo tumoral
com linhagem celular de carcinoma mamario de células 4T1. Os pulmdes foram avaliados por
meio da técnica de coloracdo hematoxilina-eosina para avaliacdo de focos metastaticos. Os
leucdcitos esplénicos foram avaliados por citometria de fluxo para linfdcitos T totais (CD3+),
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linfécitos T auxiliares (CD3+CD4+) e linfocitos T citotoxicos (CD3+CD8+). A vacina de
células dendriticas foi diferenciada e maturada ex vivo a partir da medula dssea (n=03).
Resultados: A vacinacgdo profilatica reduziu as os focos (p<0,0001) e &reas (p=0,0106) de
metéstases pulmonares. Promoveu aumento no percentual de linfocitos T totais, T auxiliares e
T citotoxicos (p<0,0001) no tecido esplénico dos animais vacinados em relacdo ao grupo
Tumor. Conclusdo: Novas investigaces sdo necessarias para elucidar os mecanismos induzidos
pela vacinacéo profilatica em outros nichos e contextos. A imunoterapia profilatica com células
dendriticas deu indicativos de promogdo da resposta contra tumores, por promover reducao
metastatica pulmonar; e na avaliacdo sistémica, por avaliacdo de células T esplénicas, a
imunoterapia promoveu aumento de células T totais, T auxiliares e T citotdxicas.
Palavras-chave: Cancer. Imunoterapia. Imunologia Celular. Célula dendritica.

ABSTRACT

Background and aim: Lung metastases are one of the causes of mortality in patients with breast
cancer. The antitumor immunity induced by dendritic cells has shown promising results in some
tumors by mediating the immunological mechanisms. Therefore, the objective of this work was
to evaluate the role of prophylaxis with dendritic cell vaccine in lung metastases and in splenic
T lymphocytes of mice submitted to tumor induction with 4T1 cell mammary carcinoma.
Materials and Methods: We used 25 adult female Balb/c mice, separated into three experimental
groups: Controle (n = 07), Tumor (n = 08), and Vacina DC (n = 07). The animals in the last
group received a single dose of dendritic cell vaccine, before tumor induction with 4T1 cell
mammary carcinoma cell line. The lungs were evaluated using the hematoxylin-eosin staining
technique to assess metastasis. Splenic leukocytes were evaluated by flow cytometry for total
T lymphocytes (CD3+), helper T lymphocytes (CD3+CD4+), and cytotoxic T lymphocytes
(CD3+CD8+). The dendritic cell vaccine was differentiated and matured ex vivo from the bone
marrow (n=03). Results: Prophylactic vaccination reduced the foci (p<0.0001) and areas (p =
0.0106) of lung metastases. It promoted an increase in the percentage of total T, helper T, and
cytotoxic T lymphocytes (p<0.0001) in the splenic tissue of the vaccinated animals in relation
to the Tumor group. Conclusion: Further investigations are needed to elucidate the mechanisms
induced by prophylactic vaccination in other niches and contexts. Prophylactic immunotherapy
with dendritic cells gave indications of promoting the response against tumors, by promoting
metastatic lung reduction; and in the systemic evaluation, by evaluation of splenic T cells,
immunotherapy promoted an increase in total T cells, helper T cells, and cytotoxic T cells.
Keywords: Cancer. Immunotherapy. Cellular Immunology. Dendritic cell.

Introducéo

O céancer de mama é o mais frequente entre as mulheres do Brasil e do mundo, sendo a
maior causa de mortalidade entre os tipos de canceres (INCA, 2019; INTERNATIONAL
AGENCY FOR RESEARCH ON CANCER (IARC), 2018). Cerca de 1/3 das mulheres com
cancer de mama desenvolvem a doenca metastatica, que é fator central da sobrevida global e
gualidade de vida (PENTHEROUDAKIS et al., 2006). Nesse contexto, as metastases
pulmonares sdo indicativos de mau prognostico, incidindo diretamente na sobrevida global das
pacientes, por prejudicarem a funcdo deste 6rgdo. Isso ocorre devido a localizagdo anatbmica
dos pulmdes, o seu grande leito capilar, e por serem nicho propicio com componentes que
sustentam as metastases (HE et al., 2017; WU et al., 2017).



67

Na prevengdo, desenvolvimento e eliminagdo do desenvolvimento tumoral e
metastatico, o sistema imunoldgico apresenta papel relevante. Ele identifica essas células
transformadas como ndo-préprias e, as elimina por mecanismos de deteccéo de suas alteracoes.
Em conjunto, elementos da imunidade inata e adquirida medeiam a resposta imune antitumoral,
de forma local e sisttmica (BALKWILL; MANTOVANI, 2012; BURNET, 1970).

Porém, as metéastases podem ocorrer por meio de acdo cooperativa entre células
imunoldgicas, epiteliais, mesenquimais e as proprias células tumorais, numa associa¢do que
promove evasdo dos mecanismos imunes contra células tumorais. E qualquer diferenca
fenotipica ou genotipica antes, durante e apos a instalagdo metastatica sdo importantes para
determinar suas relacbes com as respostas imunes (CHEUNG; EWALD, 2016).

No combate as neoplasias, as imunoterapias tém sido utilizadas como formas
terapéuticas, atingindo a doenca com o0 minimo de impacto nos tecidos normais. E as vacinas
baseadas em células dendriticas, tém se apresentado como uma ferramenta capaz de induzir
respostas imunes especificas contra as massas tumorais e/ou metastaticas, podendo gerar
protecao contra possiveis casos de reincidéncia (GARDNER; RUFFELL, 2016).

Isso ocorre pelo fato de que as células dendriticas possuem caracteristicas que as
classificam como as melhores células apresentadores de antigenos. Elas conseguem reconhecer
as células neoplasicas por mecanismos de reconhecimentos antigénico, internaliza-las por
fagocitose, processa-las, e apresentar antigenos aos linfdcitos T naive, os ativando. Ou seja, as
células dendriticas fazem um elo entre as func¢des efetoras do sistema imune, podendo iniciar
respostas robustas, eficientes e especificas ao tumor (PALUCKA; BANCHEREAU, 2013).

Desta forma, a vacina de células dendriticas tem sido utilizada em diversos modelos de
tratamento ao cancer, por todo esse potencial na estimulacdo de linfocitos T e por atuar na
reducdo de massas tumorais primarias. A literatura menciona efeitos colaterais minimos, além
de fortalecimentos de respostas antitumorais com regressdo tumoral e producéo de células de
memdria protetivas para os casos de recidiva (ANGUILLE et al., 2014). Entretanto, ainda séo
escassos 0s dados que demonstrem a vacina de células dendriticas como medida protetiva
contra tumores primarios e/ou metastases. Por isso a importancia de elucidar efeitos sobre 0s
mecanismos imunes sistémicos recrutados para minimizar o desenvolvimento tumoral e
contribuir para essa discussao.

Assim, este trabalho teve como objetivo avaliar o papel da imunoterapia profilatica com
células dendriticas em metéstases pulmonares e linfécitos T esplénicos de camundongos
submetidos a vacina profilatica com células dendriticas e induzidos ao carcinoma mamario com
células 4T1.
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Materiais e métodos
Animais e grupos experimentais

Este estudo foi previamente aprovado pelo Comité de Etica no Uso de Animais da
Universidade Federal do Triangulo Mineiro (CEUA/UFTM), sob registro de numero 379 e
seguiu normativas e regulamentos da Declaracdo de Basileia. Foram utilizadas 25 fémeas,
linhagem Balb/c, idade entre 06 a 08 semanas de vida (peso médio de 23g). Os animais foram
mantidos em espaco adequado (gaiolas plasticas), sistema fechado com ventilacdo e
temperatura controlada (em torno de 21°C), ciclo claro-escuro de 12h, sem restricao hidrica e
alimentar por todo o periodo experimental.

Dos 25 animais, 22 foram randomizados e separados em trés grupos experimentais,
como consta na tabela 1. Os outros 3 animais foram eutanasiados para uso de suas células

medulares para a preparacao da vacina de células dendriticas.

Tabela 1 - distribuicdo dos animais nos grupos de estudo

Grupos Inoculacdo 4T1  Inoculagdo Vacina Numero de animais
Controle Né&o Né&o 07
Tumor Sim Né&o 08
Vacina DC Sim Sim 07

Apds o periodo experimental, os animais dos grupos experimentais foram eutanasiados
de acordo com protocolos especificos do CEUA/UFTM, sendo retirados os bagos e pulmdes.
Parte dos pulmdes foram fixados em formalina 10%, seguindo inclusdo em parafina para anélise
de metastases por hematoxilina-eosina. Parte dos bacos foram submetidos a ruptura mecanica
para realizacao de protocolo de citometria de fluxo. O delineamento do estudo consta na figura
1.

Inducéo tumoral

A inducéo tumoral foi realizada com a linhagem de carcinoma mamario de células 4T1.
Essa linhagem apresenta alto poder tumorigénico, invasivo, proliferagdo epitelial maligna,
poder metastatico para pulmao, figado, cerebro e ossos, com a doenga metastatica se
desenvolvendo de forma esponténea e simultanea ao crescimento da massa primaria, além de
atingir os ultimos estagios de estadiamento tumoral (TAO et al., 2008). Desta forma, elas sdo

potentes indutoras de tumores de mama em camundongos da linhagem Balb/c. Seu crescimento
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tumoral e disseminacdo metastatica assemelham-se muito ao céncer de mama humano
(comportando-se similarmente ao cancer de mama triplo-negativo).

A linhagem utilizada nesse trabalho foi obtida do Banco de Células do Rio de Janeiro.
Até o momento da inoculacdo, as células foram mantidas em meio RPMI-1680 (Sigma-
Aldrich®), suplementado com HEPES (CgH1sN204S), Bicarbonato de Sodio (NaHCO3), soro
bovino fetal (SBF), Estreptomicina, L-Glutamina (200mM), Piruvato de Sodio (CsHzNaOs), B-
Mercaptoethanol (C2HsOS), em estufa a 5% de CO., a 37°C. No momento que antecede a
aplicacdo, as células foram lavadas com solucdo fisioldgica 0,9%, a 805xg, 4°C, por 10 min.
Os animais inoculados com a linhagem tumoral (Tumor e Vacina DC) receberam uma Unica
dose de 2,0 x 10° células, em um volume de 50pL, injetadas na glandula mamaria inferior

esquerda.

Figura 1: delineamento experimental.

Vacinagido com

A células Indugdo tumoral com Eutanasia
dendriticas células 4T1 Retirada: pulmdes e bago
s ® ® ® —>
Dias

Balb/c ! s 36
Grupo Vacina Grupo Tumor e Grupo Controle, Tumor e
DC Vacina DC Vacina DC

Linha do tempo demonstrando o desenho e os procedimentos realizados no periodo
experimental. Fonte: Autor.

Imunoterapia com vacina de células dendriticas

A vacina de células dendriticas foi confeccionada a partir de células medulares de
fémures e tibias de 3 animais. As células medulares foram cultivadas em garrafas de cultura de
25cm?, em meio IMDM suplementado com 0,1mM de vitaminas, 2mM de I-glutamina,
100ug/mL de gentamicina, ImM de Piruvato de Sodio (C3H3sNaOs) e 5% Soro Bovino Fetal,
incubadas em estufa de CO2 a 5% de umidade e a 37°C. O protocolo de diferenciacéo celular
tem a duragdo de 7 dias. No dia 1, as células foram estimuladas com 10ng/uL de GM-CSF e
10ng/uL de IL-4. No dia 5 foram estimuladas com 10ng/uL de TNF-a e antigeno tumoral da
linhagem de células 4T1 (obtidos pelo congelamento e descongelamento das células 4T1). No
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dia 07, as células dendriticas diferenciadas foram lavadas e ressuspensas em solucéo fisioldgica
0,9%.

Foram administradas 5,0 x 10° células, em um volume de 50uL de solugio fisioldgica,
em dose Unica nos animais do grupo Vacina DC. A avaliacdo das células dendriticas ocorreu
de forma qualitativa, por controle visual através de microscopio 6ptico, pelo referido protocolo
ser corriqueiro em pesquisas no laboratorio e analises anteriores demonstrarem eficicia nesse
processo de diferenciacdo (LOPES; MICHELIN; MURTA, 2017).

Analise de leucdcitos esplénicos por citometria de fluxo

Amostras dos bacos dos grupos experimentais foram analisadas por meio da técnica de
citometria de fluxo, em citdmetro FACS Calibur™ (BD Biosciences, San Diego, CA, EUA). A
técnica foi realizada de acordo com o protocolo de citometria sugerido pelo fabricante, com
utilizagio de anticorpos BD Pharmigen™ para marcacéo extracelular de linfécitos T (CD3
FITC, CD4 PeCy 5.0 e CD8a APC), além dos respetivos marcadores para isotipo. Todos 0s
anticorpos utilizados no protocolo de citometria de fluxo foram obtidos da BD Biosciences, San
Diego, CA, EUA.

Estratégia de gate: linfdcitos foram selecionados com base no tamanho e granularidade
(FSC x SSC). Nos linfocitos, uma gate para CD3+ foi desenhada para marcar as células T. A
partir desta gate foi tragado um gréafico CD4 vs. CD8 para separar as células T CD4 + e CD8 +.

Avaliacdo de metastases pulmonares (hematoxilina-eosina)

Para a avaliagcdo da presenca ou ndao de metéstases foram confeccionadas laminas de
pulmdo dos animais dos grupos Tumor e Vacina DC. Ap0s a eutanasia, os 6rgaos foram
excisados e fixados em solucdo de formalina 10%, seguido de inclusdo em parafina. Os cortes
foram feitos em micrétomo rotativo automatizado (Leica RM2255). Posteriormente seguiu-se
com coloracdo histoldgica de hematoxilina-eosina (HE). As laminas foram observadas em
microscopio optico (Olympus BX41). Para cada 6rgao, foram preparadas trés laminas para que
todo o 6rgéo fosse amostrado. Foram avaliados 45 campos as cegas por animal. A quantificagcdo
das metéastases foi realizada no microscopio Nikon Eclipse Ti2 com o Software Nikon Analyzes.
Analise estatistica

Gréaficos e andlise estatistica foram realizados em GraphPad Prism 8.4 (GraphPad
Software). Os resultados foram testados quanto a distribuig&o por teste de normalidade Shapiro-
Wilk. Foi utilizado teste de t-Student para 2 comparagdes e One-way Anova com pos-teste de

Tukey para mais de duas comparagdes/grupos, com resultados expressos em média£SD. O teste
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Chi-quadrado foi utilizado para estabelecer diferencas estatisticas na associagdo de vacinagdo

e metastase.

Resultados
A profilaxia com vacina de células dendriticas reduziu metastases pulmonares

O carcinoma mamario murino de células 4T1 possui capacidade de gerar metéstases
espontaneamente, podendo atingir linfonodo, figado, pulmdes, cérebro e 0ssos. A presenca de
metastases induzidas pela linhagem 4T1 foram avaliadas em laminas de pulméo de animais
submetidos ou ndo a imunoterapia profilatica com células dendriticas.

Em todos os animais dos dois grupos avaliados foram observadas areas metastaticas nos
pulmdes. Entretanto, os focos metastaticos encontravam em menor quantidade nos animais do
grupo vacinado (p<0,0001). Além de menos focos, as areas também eram menores; 0 grupo
vacinado (812727+650484) apresentou reducdo significativa nas areas metastaticas em relagdo
ao grupo Tumor (1867885+711290) (p=0.0106). Logo, a vacina profilética foi uma poderosa

ferramenta na inducéo de reducdo de areas metastaticas nos pulmdes (Figura 2).

Figura 2. Metéstases pulmonares.
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A imunoterapia profilatica com células dendriticas reduziu a area metastatica no pulméo de
camundongos Balb/c induzidos a cancer de mama com 4T1. (A) Analise dos focos positivos.
Teste estatistico: Chi-quadrado. ***p<0,0001. (B) Analise de areas de metastases mensuradas
em pm? Teste estatistico: teste t ndo pareado. Os resultados estdo expressos em média + DP. *
0,0106.

Profilaxia com células dendriticas aumenta porcentagem de linfocitos T esplénicos
A avaliacdo de células da resposta imune funciona como importante sinalizador de uma

boa resposta imune. NOs avaliamos por citometria de fluxo a porcentagem de linfocitos totais
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(CD3+), T auxiliares (CD4+) e T citotoxico (CD8+) no ba¢o dos camundongos, como uma
ferramenta indicativa das respostas imunes sistémicas.

Foi observado aumento na porcentagem de linfocitos T totais, T auxiliares e T citotoxico
no grupo Vacina DC em relacdo ao grupo Tumor: linfocitos T totais Vacina DC (91,61+1,137)
versus Grupo Tumor (85,58+0.9578); T auxiliar Vacina DC (91.68+0.5321) versus Tumor
(84.82+0.7265); T citotdxico Vacina DC (10,73+0,8918) versus Tumor (7,525+0,5377). Os
dados (Figura 3) mostraram que a vacina profilatica foi capaz de melhorar os padrbes de

resposta imune de forma sistematica.

Figura 3. Influéncia da vacinacao profilatica de células dendriticas na porcentagem de
linfocitos T esplénicos.
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(A) Linfécitos T totais. (B) Linfocitos T auxiliares. (C) Linfocitos T citotdxicos. Os resultados
foram analisados por One-way ANOVA com Tukey’s multiple comparisons test e foram
representados por média£SD. As diferencas foram consideradas significantes quando p<0.05;
*

p<0.0001.

Discusséo
A maioria das vacinas com células dendriticas, no contexto do carcinoma, tém sido
estudadas na forma de tratamento, seja pré ou pos intervengdo cirdrgica. Elas tém sido

desenvolvidas com base no papel chave das células dendriticas na ativagao de resposta imunes
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especificas e na coordenacdo dos mecanismos imunes antitumorais (BAUER et al., 2011;
PALUCKA; BANCHEREAU, 2013).

Nesse estudo, buscamos avaliar o papel da vacina de células dendriticas, aplicada em
dose Unica, como forma profilatica na ativacdo de linfécitos T esplénicos e metastases
pulmonares em um modelo de carcinoma mamario murino. Foi observado que a imunoterapia
profilatica com células dendriticas reduziu os focos e areas metastaticas pulmonares.

A vacina de células dendriticas tem sido utilizada como tratamento em alguns subtipos
de céncer. Inclusive uma imunoterapia personalizada ja foi aprovada pela U.S.Food and Drug
Administration (FDA), a Sipuleucel-T, para cancer de prostata resistente a castracdo (ANASSI;
NDEFO, 2011). Porém, o uso da vacina de células dendriticas na terapia profilatica ndo tem
sido muito investigada. Desta forma, o desenvolvimento de mecanismos que ativem a
imunidade antitumoral especifica, robusta e com longa duragdo é essencial para promover a
gestdo de abordagens combinatérias na clinica de pacientes com cancer. E os estudos
experimentais proporcionam a introducéo dessas discussdes.

Assim como demonstramos nesse trabalho, um estudo em modelo metastatico de
melanoma, em um contexto um pouco diferente do apresentado aqui, demonstrou eficiéncia da
imunoterapia na inibicdo de metastases (MARKOV et al., 2015). Em um outra trabalho, a
profilaxia com células dendriticas controlou crescimento do céncer em um modelo
experimental de céncer pancredtico (SHANGGUAN et al., 2020). Porém, a maioria das
intervencdes com vacina de células dendriticas demonstram o uso da vacina como forma de
tratamento, atuando no processo de recidiva da doenca.

Na colonizacdo metastatica, acredita-se que exista um padrao 6rgao-especifico. Devido
a localizagdo anatémica pulmonar, ele tende a ser local de colonizag&o por células de carcinoma
mamario, o que impacta diretamente na sobrevida global das pacientes, representando um mal
prognoéstico (SLEEMAN, 2012; TANG; AHMAD; SARKAR, 2012) . Os estudos acerca do
processo metastatico ainda sdo limitados, mas ha um consenso de que diversos fatores
associados ao microambiente tumoral e a resposta imune antitumoral sistémica possam
subsidiar esse processo (RIIHIMAKI et al., 2013; SLEEMAN, 2012; SLEEMAN; STEEG,
2010). Logo, os mecanismos do sistema imunoldgico atuam de forma intrinseca e direta nesse
processo, o limitando ou o favorecendo.

Como € bem estabelecido pela literatura, as celulas dendriticas sdo apresentadoras
antigénicas profissionais, atuando no desenvolvimento e modulagcdo de respostas imunes
antitumorais e/ou antimetastaticas. Esse papel envolve a ativacdo de linfocitos T (PALUCKA

et al., 2011). Portanto, a capacidade de ativacao de linfocitos T tem sido considerada um dos



74

mecanismos de avaliacdo da eficiéncia das vacinas de células dendriticas, e utilizados na
discussdo do potencial dessa ferramenta terapéutica.

Desta forma, observamos nesse trabalho que a imunoterapia profilatica com células
dendriticas aumentou a porcentagem de linfocitos T esplénicos em relacdo ao grupo com
desenvolvimento tumoral e sem a vacina. No nosso trabalho, utilizamos a andlise de células
esplénicas como parametro de anélise sistémica, por ser o bagco, um 6rgéo linfoide secundario
classico e estar conectado com a circulacdo sanguinea.

Um aumento de linfécitos T esté associado, em alguns casos, a melhora das respostas
antitumorais. Entretanto, os linfécitos T auxiliares podem se diferenciar em diferentes subtipos,
que podem tanto atuar na progressao quanto na regressdo da atividade metastatica, modulando
a eficacia da resposta imune antitumoral (SELEDTSOV; GONCHAROV; SELEDTSOVA,
2015). Assim, linfécitos T auxiliares do tipo 1 (Tbet+) sdo o principal subtipo de linfocito T
auxiliares no processo de eliminagdo das células tumorais pelo sistema imune (LAZAREVIC,;
GLIMCHER; LORD, 2013).

Os linfocitos T citotdxicos sdo os principais subtipos celulares da resposta imune
antitumoral. Em muitos tipos de canceres sdo utilizados como marcadores da eficiéncia dos
mecanismos imunes antitumorais, sendo considerado um bom marcador progndstico
(MAHMOUD et al., 2011). Portanto, para a eliminagdo de células tumorais e células em
metastase pelo sistema imune é necessaria atuacao de células T auxiliares e T citotoxicas. As
citocinas produzidas por essas células, IFN-y e TNF-a, promovem a morte das células tumorais
e sdo pontuais para a atividade imune antitumoral (LIUDAHL; COUSSENS, 2017; WANG et
al., 2018).

Além do mais, algumas células T geradas da resposta antigeno-especifica previamente
induzida pela vacina com células dendriticas, podem se manter por um periodo de tempo, como
células de memoria. As células de memaria podem promover uma protecdo rapida em casos de
reincidéncia do processo tumoral ou tentativa de colonizagdo de outros nichos (SALLUSTO;
GEGINAT; LANZAVECCHIA, 2004), sendo esse o ponto crucial que norteia a atividade
profilatica da vacina de células dendriticas. Entretanto, nesse trabalho, ndo avaliamos
marcadores de memoria celular.

Logo, outras analises se fazem necessarias. Em trabalhos futuros, analises do papel
desempenhado por células T auxiliares e T citotoxicas, compreensao dos mecanismos que séo
mediados pela profilaxia com a vacina de células dendriticas, inclusdo de marcadores de

memoria, assim como avaliacdo de outros subtipos celulares da resposta antitumoral serdo
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incluidos. Mas de inicio, abrimos as discussdes do papel da imunoterapia profilatica na reducdo
de metéastases pulmonares e aumento na porcentagem de linfocitos T no bago.

Concluséo

A profilaxia com vacina de células dendriticas promoveu reducdo dos focos e areas
metastaticas pulmonares. Promoveu ainda aumento na ativacdo de linfocitos T (totais,
auxiliares e citotoxicas), células estas indicativas, em alguns contextos, da promogédo e
eficiéncia da resposta imune antitumoral. Isso pode fornecer uma discussao oportuna quanto a

ativagdo de vigilancia imunoldgica antitumoral na auséncia de carga tumoral e sua manutenc&o.

5.4 Sintese de citocinas por células leucocitarias do baco (ELISA)

Foi avaliado por ELISA, IFN-y, IL-12, TNF-0, TGF-B, IL-4, I1L-10 e IL-2 no
sobrenadante de culturas de células leucocitarias do bagco dos animais dos grupos estudados
apos 24h de incubacao (Figura 8). O grupo DC vaccine exibiu reducéo significativa dos niveis
de IFN-y, IL-12, TGF-B e IL-4 em relacdo ao grupo Tumor, porém aumentados em relagdo ao
Controle (p<0.0001). Os niveis de TNF-a ndo exibiram alteragdes significativas; ¢ os niveis de

IL-10 e IL-2 exibiram aumento significativo em DC vaccine versus Tumor (p<0.0001).

A ‘ B .
1 *
4004 — 500 N 1
* 1
400+
~5 300+ 3E~
£
o 5 300
£ 200+ a
- N 2004
< 100 =
1004
0 T T 0 T 1
Control Tumor  DC vaccine Control Tumor DC vaccine
I‘—l
251 8000 .
- r
5 20 —_ —_ —_ 1
= - 6000
E E
gz 15+ gz
= — 4000
F 10 o
w w
e o
= 5 ~ 2000 ’_‘

T T T T
Control Tumor DC vaccine Control Tumor DC vaccine



76

T 1
. 800 N
150 1
* I — 600 T
— =
= 1004 E
E 2
B 2 4004
g >
T A
50
4 = 200
0 T T 0 I I
Control Tumor  DC vaccine Control Tumor  DC vaccine
G '
5004
400
-
E 300+
£
o 200
=
100

1 1
Control Tumor  DC vaccine

Figura 7. Representacdo da sintese de citocinas no sobrenadante (perfil de citocinas) de
cultura de células leucocitarias do baco. Os niveis de (A) IFN-y, (B) IL-12, (C) TNF-a, (D)
TGF-B, (E) IL-4, (F) IL-10 e (G) IL-2 no sobrenadante de leucocitos esplénicos dos diferentes
grupos determinado por ELISA. Os resultados foram analisados por One-way ANOVA com
Tukey’s multiple comparisons test (representados por média£SD. Concentracdes das citocinas
em pg/mL. As diferencgas foram consideradas significantes quando p<0.05; *p<0.0001.

Porém, as citocinas apresentam diferencas cinéticas, em resposta a alguns estimulos,
gue podem ser causadas por funcdes cruzadas de mecanismos. Considerando isso, avaliamos
ainda a cinética da producdo de citocinas em 12h, 24h e 36h no grupo DC vaccine em resposta
ao LPS. O IFN-y e a IL-10 exibiram sintese méaxima em 12h, TNF-a, IL-4 e TGF-p exibiram
sintese maxima em 24h. A IL-12 e IL-2 exibiram sintese maxima em 36h (Figura 9). Isso pode

estar relacionado com a baixa em algumas citocinas vistas no grafico anterior.
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Figura 8. Concentracdo de citocinas no sobrenadante de leucdécitos totais esplénicos,
dentro de 12h, 24h e 36h a partir da estimulacdo com LPS. Os niveis de (A) IFN-y, TGF-f
e TNF-a, (B) IL-12, IL-4, IL-10 e IL-2 no sobrenadante de leucocitos esplénicos do grupo DC
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vaccine determinado por ELISA. Os resultados foram analisados por One-way ANOVA com
Tukey’s multiple comparisons test e foram representados por média£SD. Concentracdes das
citocinas em pg/mL. As diferencas foram consideradas significantes quando p<0.05;
*p<0.0001.
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6. CONSIDERACOES FINAIS

Nos ultimos anos, o desenvolvimento de vacinas antitumorais tem representado
significativos pontos na histéria da imunologia antitumoral. Os avancos na compreensdo da
imunobiologia de células dendriticas, e de outros componentes do sistema imune, engajaram o
desenvolvimento de novas estratégias para melhorar a manipulacdo desse processo
fisiopatoldgico (cancer).

As celulas dendriticas séo um ponto chave na conexéo das atividades do sistema imune,
0 que a torna uma ferramenta de potencializacdo das respostas imunes antitumorais, como a
melhoria dos processos de imunomodulacdo. Os recursos fornecidos por essas células, a
capacidade de apresentacdo de antigenos tumorais, ativacdo de linfocitos Thl, T CTL e NK
foram primordiais para seu uso como estratégia imunoterapéutica contra tumores. Nesse
contexto, as células dendriticas sdo diferenciadas e carregadas com antigenos tumorais
autdlogos, o que permite e favorece uma resposta imune direcionada e efetiva. Assim, as
imunoterapias com células dendriticas emergem como um processo terapéutico promissor.
Porém, avancos nessa area do conhecimento, como 0s mecanismos moleculares e todo o cerne
que envolve a sua imunobiologia, se faz necessario.

Varios estudos clinicos tém sido desenvolvidos nesses ambitos, considerando as células
dendriticas como uma boa estratégia terapéutica (ANGUILLE et al., 2014; SALGALLER et
al., 1997). Os resultados tém sido promissores, demonstrando seguranca, viabilidade na inducéo
das respostas imunes. Inclusive ja foi aprovada pela FDA, a Sipuleucel-T, uma imunoterapia
personalizada para céncer de prdstata (ANASSI; NDEFO, 2011). Assim como a forma
profilatica apresentada nesse trabalho, Sipuleucel-T é uma vacina personalizada que engloba as
células dendriticas que expressam o antigeno chave (fosfatase acida prostatica), maturadas ex
vivo.

Mesmo com os resultados promissores na clinica, a eficacia na vacina de células
dendriticas ainda permanece limitada devido a perspectivas que envolvem a carga antigénica
gue as células dendriticas apresentam e aos ensaios, que habitualmente sdo realizados em
pacientes com cancer em fase terminal, situacdo em que o sistema imune encontra-se debilitado
ao extremo e consideravel imunossupressdo. Alem do mais, outras caracteristicas que incidem
sobre a eficacia podem ser levantadas, como 0 que tange a momentos de administracéo, vias de
administracdo, tipos de tumores, se usado como adjuvante, neoadjuvante e até mesmo em uma

perspectiva profilatica, o que tem apresentado resultados poucos conclusivos ainda. Portanto, o
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desenvolvimento de uma vacina profilatica como forma preventiva de tratamento seria de
grande importancia.

Este trabalho apresenta algumas limitacbes. O numero de animais foi pequeno por
grupo, apesar de ser suficiente para as analises estatisticas e estar pautado no principio dos 3Rs
(Declaragdo da Basileia). Em estudos futuros, grupos experimentais com maior nimero de
animais deverd ser considerado. Andlises de citotoxidade in vitro podem ser incluidas para
rastrear a atividade de citocinas secretadas pelos linfocitos T CTL e averiguar a capacidade de
inducdo de morte celular.

Futuramente, a inclusdo de outros marcadores das respostas imunes; outras citocinas,
como a IL-12, deverdo ser consideradas; marcadores de memoria para as células T e outras
células da resposta imune antitumoral, como NK e linfdcitos B também. Além do mais, deve-
se levar em consideracdo a inclusdo de novos protocolos de vacinacdo de DCs, assim como,
diferentes vias de vacinacdo, analisando se isso pode alterar o padréo de resposta imune.

Assim, o contexto de uma vacina profilética, conforme foi apresentado nesse estudo, é
pensado na condicdo de pessoas com alguma predisposicdo genética ao cancer (com algum
risco alto de desenvolvimento de neoplasia maligna) ou pessoas sem uma situacdo de tumor
existente, com alta capacidade de desenvolvimento metastatico. Ou ainda, na recorréncia e
prevencao de recidiva, considerando uma profilaxia pré e pds exposi¢do, que é uma perspectiva
ainda diferente do tratamento em si.

E necessaria e essencial uma avaliacdo mais ampla, para melhorar as estratégias,
pensando até mesmo na combinacdo de imunoterapias com radioterapia, quimioterapia e até
outras formas de imunoterapia e terapias angiogénicas. Afinal, os avanc¢os da imunoterapia de

tumores sdo promissores e tem um vasto campo a ser analisado.
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7. CONCLUSOES

Este trabalho demonstrou eficacia da imunoterapia profilatica com células dendriticas
(situacdo de pré-exposicao) sobre o crescimento tumoral no modelo estudado, levando a uma
diminuigédo dos seus volumes. Demonstrou ainda melhora da resposta imune antitumoral ao
promover um aumento na ativacéo de células da resposta imune antitumoral (Thle T CTL), 0
que pode fornecer uma ativacao oportuna de vigilancia imunolégica antitumoral na auséncia de
carga tumoral.

No figado, a imunoterapia profilatica com células dendriticas reduziu os focos de
metéstases, 0 mesmo sendo observado no pulmdo. Alterou o fendtipo da resposta imune no
orgdo, demonstrando que o tecido hepéatico funciona como um importante regulador da
imunidade sistémica, seja apenas na presenca de um processo patoldgico ou na intervencgédo
preventiva a esse processo. Foi observado aumento na porcentagem de linfocitos T totais, T
CTL, porém sem alteracOes significativas em Th. As células Treg aumentaram no grupo
vacinado, assim como a producdo de IL-10 e IL-17 simultaneamente, demonstrando que a
vacina pode induzir a um estado de controle das respostas pro-inflamatdrias, o que pode
favorecer um ambiente menos favoravel para instalacdo metastatica. Os demais subtipos de Th
(Th1, Th2 e Th17) estavam reduzidos, assim como de a expressdo de IL-12, IFN-y e TNF-a em
Th.

Em conjunto esses dados revelam que o figado subsidia processos funcionais distintos
em relacdo a resposta preventiva mediada pela vacina, atuando como sentinela, o que pode levar
a uma interferéncia dos processos metastaticos, 0s evitando. Pesquisas adicionais sao
necessarias para abordar os fenétipos e as suas relagées.

Evidenciamos ainda que no baco, a imunoterapia profilatica com células dendriticas
aumentou a porcentagem de linfécitos T totais, The T CTL, e que nos ensaios de citocinas, IL-
10 e IL-2 foram as Unicas citocinas com picos aumentados, apos 24h. Isso esta relacionado com
os diferentes tempos de pico de secre¢éo dessas citocinas, como demonstrado no ensaio in vitro
com LPS.

Assim, foi observado que a resposta imune apds imunoterapia profilatica com células
dendriticas ocorreu de maneiras distintas a depender dos nichos. Isso nos da indicativos de que
cada um dos nichos possui mecanismos peculiares na inducdo e manutencdo das respostas
imunes antitumorais, e demonstra que a vacina altera as respostas presentes nesses meios,
favorecendo a resposta imune antitumoral. Investigacdes futuras sdo necessarias para a maior

compreensdo desses processos.
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ANEXO 1 - CEUA (parecer técnico)

Universidade Federal do Trignguilo Mineiro
Commuic de Eica no Uss de Asermis
I Corcla Prados, =" 16l - Beim Absdie Ubeosba B0 (CEF 38009- 320

134 D050 E -l cmenurinsc b

Uberaba, 13 de novembro de 3018

FARECER N* IMMECEUATPROPPG
PROCESS0 N° 23085 OI02R3Q01R-48
INTERESSADE MARCLA ANTONIAEL MICHELIM

ASSUNTO:  Parecer da CEUA sobre pedido de alleracdo do prolocolo 379

Senhom Prof.® De* Mircia Amoninz Michelin,

1. Confirmamos o recebimenio do. Memorsndo SR201 ST MIPICEN (002 1314) que sodicim
ahemgdo ro proiocaks 379 - “Avalisgho da resposta imunockigica cmcnndungmmm:hw& W
suhmetidos & Emunoierapia preventiva oom vacina de ofualas dendriticas. ™

S (O pedido de shersglo foi aprecindo emi reanide da CEUMA realizada no dia 9112018 &

considemdo sprovads. Desia forma, fGos speovoda a abemgio do hiokénio de fomecimenio dos 30
camundongos {émeas Balhc, qoe passa a ser o Biotério Ceniral da UFTRL

A comsideraciio supernior,

Alde Rogelis Aquiles Rodrigoss
Coordenador da CELA

[Dncamenin msinadn clcimnicamenic por ALK ROGELIS AQLUILES ROCEIGUES, Coordemaderia ) da

' Il'i'll Comiedio de Efica mo Lse de Andmals, cm 1371 07500 K, s 15-08, cosfomse bordno oiicesd de Brailia, com
Ly e i g Bandamenio oo ar. 6%, § 1%, do Deepcin g® £530 e § de ppiybyo e S01LE ¢ o ari. 14 da Roplecks £ 3 de
AE s deyprmbsm e SO T,

A auicninc iimlc dicwic docemenin paxde wr confnadn B alic

S inforronds o cidips vonficsdor B 33051 co codegs CRC AN 4S1E.

Mafardneia: Procasss n 23005 DI0E3/201 548 SEI v 0L 3051
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ANEXO 2 — CEUA (certificado protocolo 379)

Ministério da Educaciio
Universidade Federal do Tridngulo Mineiro
CEUA - Comissdo de Etica no Uso de Animais
Rua Madre Maria José, n°122 — Unidade Administrativa Temporaria I1 - Bairro Abadia
CEP: 38025-100 — Uberaba - MG - Telefone: (034) 37006764 - E-mail: ceua@pesqpg.uftm.edu.br

CERTIFICADO

Certificamos que a proposta intitulada “Avaliagio da resposta imunolédgica em
camundongos com cancer de mama submetidos a imunoterapia preventiva com vacina
de células dendriticas”, registrada com o n° 379, sob a responsabilidade de Marcia
Antoniazi Michelin — que envolve a produgio, manutengéo e/ou utiliza¢do 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, e com as
normas editadas pelo Conselho Nacional de Controle e Experimentagdo Animal
(CONCEA), e foi aprovada pela Comissdo 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 a 01/08/2020
Espécie/Linhagem/Raga Camundongos Isogénicos Balb/c
N° de animais 55
Peso/idade 20 a 30g/ 6 a 8 semanas
Género Fémeas
Origem Biotério Setorial do Instituto de Pesquisa em Oncologia -
UFTM

C;q&\h A €wv \1 &‘\mw

Prof. Dr. Carlo José Freire de Oliveira
Coordenador da CEUA
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