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RESUMO

Macrofagos sdo células mieloides que desempenham um papel essencial na inflamacdo e
defesa do hospedeiro. Dependendo do microambiente, macro6fagos podem polarizar para
diferentes fenotipos. O fen6tipo M1, inflamatorio, é ativado por IFN-y e produtos bacterianos,
como o LPS. Essas células expressam niveis altos de CD80, CD86, produzem 6xido nitrico
(NO) e altos niveis de IL-12. Por outro lado, macréfagos M2, os quais sdo anti-inflamatorios,
sdo ativados por IL-4 e /ou IL-13 e expressam altos niveis de IL-10, CD206 e arginase. Esses
macréfagos sdo importantes em infecgOes parasitarias, fibrose, cicatrizacdo, além de funcdes
na homeostase para manter a sensibilidade a insulina em adipécitos e funcdes
imunorregulatorias. Em trabalhos anteriores, foi observado que a Hsp70 extracelular teve um
papel imunossupressor, tolerizando células do sistema imune inato de pacientes com artrite.
Porém, o efeito da Hsp70 sobre macrofagos precisa ser elucidado. Neste estudo, investigamos
se a Hsp70 seria capaz de modular macréfagos a um fenétipo M2. Macréfagos murinos
diferenciados de medula éssea com GM-CSF (GM-BMMSs) ou peritoneais foram incubados
sem estimulo algum, com IL-4, LPS ou Hsp70. O tratamento com Hsp70 mostrou um
aumento nas células F4/80°"CD206" em comparacdo aos outros tratamentos e um padrao
similar a IL-4. Além disso, o tratamento de macro6fagos com Hsp70 apresentou altos niveis de
arginase e IL-10, comparado aos outros tratamentos. Finalmente, osmacrdéfagos tratados com
Hsp70 tiveram maior capacidade de promover a progressdo tumoral em um modelo alogénico
de melanoma em camundongos BALB/c, quando comparados aos controles. No0ssos

resultados mostram que a Hsp70 polariza macréfagos murinos a um fenétipo “M2-like”.



ABSTRACT

Macrophages are myeloid cells that play an essential role in inflammation and host defense,
regulating immune response. Depending on the microenvironment, macrophages can polarize
to distinct phenotypes. The M1 phenotype, inflammatory, is activated by IFN-yand bacterial
products and these cells express CD80, CD86, produce NO and are 1L-12". M2 macrophages,
anti-inflammatory, and are activated by IL-4 and/or IL-13, expressing 1L-10, CD206 and
arginase. This subset of macrophages is important in parasite infections, fibrosis, wound
healing and tissue homeostasis, regulating insulin sensitivity and immune regulatory
functions. In previous works from our lab and others, it was observed that Hsp70 had an
immunosuppressive role, leading to a tolerizing phenotype of innate immune cells of arthritis
patients. However, the role of Hsp70 in macrophages needs to be further elucidated. In this
study, we investigated whether Hsp70 was able to modulate macrophages to an M2
phenotype. Murine macrophages derived from bone marrow by GM-CSF (GM-BMMs) or
peritoneal macrophages were incubated for 24h either without stimulus, IL-4, LPS or Hsp70.
Treatment with Hsp70 showed an increase of F4/80*CD206" cells in comparison to other
treatments in a similar manner to IL-4. In addition, Hsp70-treated macrophages presented
higher arginase activity and IL-10 than other treatments. Importantly, Hsp70-treated
macrophages were able to promote tumor growth in a model of melanoma in C57BL/6 and
BALB/c mice more than other treatments. Our results suggest that Hsp70 polarizes

macrophages to the M2-like phenotype.
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1. INTRODUCAO GERAL

Macréfagos sdo células fagociticas de origem mieloide que possuem fungdes
cruciais no sistema imune. Tais células possuem mais de uma origem, no
desenvolvimento, sua primeira fonte vem do saco vitelino, seguindo pela producéo no
figado durante a embriogénese e de acordo com o desenvolvimento da medula dssea, 0
figado fetal vai perdendo essa funcdo que € substituida pela medula dssea (Wynn,
Chawla et al. 2013). Esse tipo celular esta presente em virtualmente todos os érgdos do
corpo humano e dos demais mamiferos (Wang, Yu et al. 2013). Além disso, sdo as
primeiras células a tentar combater agentes agressores ao organismo o qual residem. De
uma maneira geral, essas células possuem a caracteristica de combater agentes
agressores tanto com mecanismos inatos, quanto fazendo uma ligagdo com o sistema
imune adaptativo na apresentacdo de antigeno. Formando assim, uma resposta mais
elaborada e direcionada especifica contra determinado patogeno.

Macrofagos ativados estdo mais aptos a combater micro-organismos invasores,
em relacdo a macréfagos em repouso, visto que, quando ativados, possuem uma maior
atividade fagocitica, liberam mais mediadores inflamatorios, além de expressar maior
quantidade de MHC de classe Il e moléculas co-estimulatérias em sua membrana
celular. Desta forma, com uma maior atividade fagocitica e uma maior expressao dessas
moléculas, ha uma maior apresentacdo de antigeno, auxiliando na ativacdo e
diferenciacéo de linfocitos T CD4" (Kindt, Goldsby et al. 2007).

Fisiologicamente, a ativacdo de macrofagos ocorre através de moléculas
imunogénicas presentes em patogenos, como LPS (Lipopolissacarideo), PGN
(Peptideoglicano). Essas moléculas interagem com TLRs (Toll like receptors -
Receptores do tipo Toll). Além disso, os macrofagos podem ser modulados pela
interacdo com receptores de citocinas que detectam citocinas liberadas em um
microambiente inflamatério. Essa ativacdo leva a uma sinalizacdo intracelular que,
mobiliza fatores de transcricdo caracteristicos pro-inflamatérios, culminando na
liberacdo de citocinas que auxiliardo no processo inflamatoério (Mosser 2003).

Nas ultimas décadas, tém-se explorado um caminho alternativo pelo qual os
macrofagos podem ser ativados (Stein, Keshav et al. 1992). Tendo em vista, que existe

uma ampla variedade de agentes agressores que podem atingir um organismo vivo, é de
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se imaginar que deve haver respostas variaveis pelas células imunes dependendo dos
mecanismos que utilizam e caracteristicas as quais esses agressores possuem.Sabe-se
que existe ao menos dois tipos de respostas celulares mediadas por células T auxiliares,
conhecidas como Thl e Th2. Até alguns anos atras, sabia-se que macrofagos eram
ativados por IFN-y e produtos bacterianos e que essa ativacdo levava a producdo de
citocinas pré-inflamatorias através de fatores de transcri¢do caracteristicos da resposta
inflamatoria. Esses macréfagos possuem um importante papel na resposta inflamatéria
como a fagocitose de debris celulares e atividade antitumoral (Wynn, Chawla et al.
2013). Porem, diversos estudos mostraram que ndo h& somente esta via classica de
ativacao de macrdfagos, mas também, uma via que ativa macrofagos “alternativamente”
através do estimulo por IL-4 e/ou I1L-13. Esses macrofagos estdo presentes em doencas
parasitarias, alergias, possuem atividade pro-tumoral, além de exercer funcGes
metabdlicas em relaghio ao aumento da sensibilidade a insulina e papéis
imunorreguladores (Stein, Keshav et al. 1992; Gordon and Taylor 2005; Gordon and
Martinez 2010; Sica and Mantovani 2012).

A Hsp70 (Heatshockprotein 70 kDa) é uma proteina da familia das chaperonas
moleculares responsavel pelo dobramento de proteinas. Exerce fun¢Ges importantes no
dobramento de proteinas em processo de sintese, além de impedir a agregacao protéica e
ajudar no redobramento de proteinas que estdo sofrendo degradacdo. A Hsp70 pode ser
induzida por choque térmico, radiacdo ultravioleta, em infeccbes virais. E uma das
proteinas mais conservadas entre as especies animais e ha tempos investiga-se 0 seu
papel na resposta imune (Jolly and Morimoto 2000). Em estudos prévios do nosso
grupo, constatou-se que o estimulo de células dendriticas derivadas de medula éssea
(BMDCs) com Hsp70 levou a uma menor expressdo de CD86 e MHC de classe Il por
essas células em relacdo ao controle (Motta, Schmitz et al. 2007). Em outro estudo do
nosso grupo, foi observado que o pré tratamento de células tumorais ou seccbes de pele
de camundongos C57BL/6 com Hsp70 por 1 hora e a subsequente injecdo ou
transplante, respectivamente, levou a um atraso na rejei¢do de 7 a 10 dias em relacdo ao
grupo controle (Borges, Porto et al. 2010).

Conhecendo essa imunomodulacdo exercida pela Hsp70 tanto in vitro como in
vivo, pretendemos investigar o efeito que essa proteina exerce sobre a modulacdo de
fenétipo em macro6fagos murinos. Para isso, avaliaremos moléculas de superficie

expressas, citocinas liberadas, genes caracteristicos mais expressos e rotas bioguimicas
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envolvidas na via classica e alternativa de ativacdo de macrdéfagos para chegarmos ao

papel que a Hsp70 tem na modulagdo dessas células

1.1 Macréfagos

1.1.1 Origem

Macréfagos sdo células que possuem mais de uma origem. Essas células podem
ser derivadas de células tronco hematopoiéticas, podem se originar do saco vitelino na
embriogénse ou do figado a medida que a medula dssea vai desenvolvendo-se em
camundongos.

Até estabelecer-se como um macrofago nos tecidos, esta celula passa por
diversos estagios dediferenciacdo na medula Ossea. Primeiramente, uma HSC
(Hematopoietic Stem cell- Celula-tronco Hematopoiética) sofre diferenciacdes até uma
GM-CFU (Granulocyte Macrophage — colony Forming Unit — Unidade formadora
decol6nia de granuldcito - macréfago), para entdo tornar-se uma M-CFU (Macrophage-
colony Forming Unit — Unidade formadora de colonia de macréfagos), diferencia-se em
um monoblasto, depois em pro-mondcito até cair na corrente sanguinea e virar um
monocito maduro. Em um estado de homeostase corporal, esses mondcitos realizam a
diapedese para chegar ao tecido especifco e sofrer a influéncia de sinais celulares e de
matriz extracelular que levam a heterogeneidade destes macréfagos em cada tecido do
organismo (Mosser and Edwards 2008). Esses macrofagos que migram na homeostase
corporal a sitios especificos sdo conhecidos como residentes e estdo na epiderme
(Ceélulas de Langehans), no figado (Células de Kipffer), nos ossos (Osteoclasto), no
Sistema Nervoso (Células microgliais), nos pulmdes (Macrofagos alveolares) e os

macrofagos presentes no baco (Wynn, Chawla et al. 2013).

1.1.2 Fungao

Os macrofagos sdo células fagociticas que desempenham papéis importantes na
resposta imune inata, além de interligar-se a resposta imune adaptativa. Essas células

estdo entre os restritos tipos celulares capazes de apresentar antigenos através do MHC
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de classe Il a células T CD4*. Além disso, sdo uma das primeiras células a chegar aos
sitios de inflamacéo e em infecg¢Bes (Kindt, Goldsby et al. 2007).

Essas células exercem sua funcdo ajudando a eliminar patogenos, desde a
fagocitose de patogenos, passando pela apresentacdo de antigenos e ativacdo de células
T CD4+ até a citotoxicidade mediada por ROS (Reative oxygenspecies- espécies
reativas de oxigénio). Tais células auxiliam na resposta inflamatoria,liberando citocinas
pro-inflamatorias, como IL-1, IL-12, TNF-a (Murray and Wynn 2011).

Sua ativacdo ocorre via componentes microbianos, chamados de PAMPs
(Papthogen-associated molecular pattern - Padrbes moleculares associados a
patégenos), como o LPS (Lipopolysaccharide - Lipopolissacarideo), PGN
(Peptydoglycan - Peptideoglicano), através do engajamento de TLRs, além de poderem
ser ativados por citocinas, como IFN-y, IL-6, via receptores de citocina (Fig.1). Quando
ativados, essas células aumentam sua capacidade de fagocitose, aumenta a secrecao de
mediadores inflamatorios, o que culmina em um maior poder de combater os patdogenos

invasores do organismo(Mosser 2003).

a ~ashE )\%’ E. coli

4 * Y

G—LPS
U&TLR4
MAL—
MyD88< Host defense
- effector mechanisms
NixB
TNF,
etc.
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Figura 1. Mecanismos inatos de resposta a patégenos pelos macrofagos.Bactérias Gram-negativas,
comokE. colisecretam LPS,que age sob TLR4. Essa sinalizagdo ocorre via proteinas MAL e MyD88, que
levam a expressdo de proteinas importantes de defesa do hospedeiro, essenciais no clearencede patdgenos
(‘retirada de O'Neill, Luke A J, 2008)
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Aativacdo dos macréfagos leva a uma expressdo aumentada da enzima iNOS
(induciblenitric oxide synthase - Oxido nitrico sintase induzida), que leva a producio e
consequente liberacdo de Oxido nitrico por essas células, o qual possui uma alta
atividade contra microorganismos agressores, como bactérias, fungos e protozoarios
(Stuehr and Marletta 1985; Murray and Wynn 2011; Bogdan, C. 2001) (Fig.2). Outra
forma de eliminacdo de patdgenos ocorre via complexos formados por componentes do
sistema complemento e complexos antigeno-anticorpo ou célula-anticorpo. A ligacéo de
um componente do sistema complemento ao macréfago leva a fagocitose da célula ou
do complexo formado. Além disso, ha também a apresentacdo de antigenos via
molécula de superficie MHC de classe I, em que o macr6fago fagocita patdgenos
opsonizados ou ndo, digere-o, leva ao seu processamento e apresenta 0s antigenos em
sua superficie,que levara a ativacdo de células T auxiliares,auxiliando na resposta
humoral e celular (Kindt, Goldsby et al. 2007).
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Figura 2.Sintese de Oxido nitrico pelos macrdfagos.O papel fibrinogénico de IL-13, juntamente com IL-4
na expressdo de Arginase em macrofagos. Arginase usa L-arginina como substrato para produzir L-
ornitina, 0 que é convertido a prolina pela ornitina-Aminotransferase. Prolina € um aminoacido essencial
que estd envolvido na producdo decoldgeno e, por isso, no desenvolvimento da fibrose. A fibrose é
inibida em camundongos imunizados com antigenos do ovo e IL-12. Os macrofagos produzem uma
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resposta Thl, que previne o desenvolvimento Th2, além de serem estimulados aproduziremiNOs, em vez
de Arginase.l. iNOsutiliza L-arginina como substrato para a producdo de NO e Citrulina, através do
intermediario L-hidroxi-arginina, que pode inibir a enzima Arginase, diminuindo a quantidade de prolina
disponivel para a sintese de colageno (retirada de Pearce, Edward J. et al. 2002).

1.1.3 Heterogeneidade

As primeiras observacdes feitas a respeito da modulacdo de fendtipo dos
macréfagos foram feitas por volta da década de 90, quando constatou-se que
macréfagos sob o estimulo de IL-4 inibiam a producdo de espécies reativas de oxigénio
(ROS) a producao delL-8 e IL-1B (Martinez, Helming et al. 2009). Até que em 1992,
Michael Stein et al. publicaram o trabalho em que mostraram que a IL-4 induz
macrofagos inflamatorios a adquirirem um fenotipo ativado alternativamente, distinto
daquele classico ativado por IFN-y. Esse fenotipo era caracterizado por alta capacidade
de depuracdo de ligantes de manose, reduzida secrecdo de citocinas pro-inflamatorias,
além da presenca de mudangas morfoldgicas nas células (Stein, Keshav et al. 1992).

Apo0s anos de estudos, a ativagdo alternativa dos macrofagos esta mais definida.

De acordo como conceito atual, macréfagos ativados classicamente (CaM@ — Classical

activated macrophages — macrofagos ativados classicamente) expressam altos niveis de
IL-1B, IL-6, IL-12, IL-23, TNF-a e baixos niveis de IL-10, além da producdo de ROS e
sdo células presentes em respostas Thl. Esse fendtipo é ativado por IFN-y e TNF-a e/ou
produtos bacterianos (ex.: LPS) e também é denominado como M1. J& os macréfagos
ativados alternativamente expressam altos niveis de IL-10, da enzima arginase, altos
niveis dos genes Chi3l3 (YM1) e Retnla (FIZZ1), além da expressdo aumentada de
receptores tipo galactose, manose (CD206) e scavengers; essas células participam de
respostas Th2 (Raes, De Baetselier et al. 2002; Raes, Noel et al. 2002; Sica and

Mantovani 2012). O fendtipo ativado alternativamente (aaMq — Alternative activated

macrophages — macrdfagos ativados alternativamente) pode ser induzido por IL-4 e/ou
IL-13 e é também conhecido como M2 (Mantovani, Sica et al. 2005) (Fig. 3).

O gene Chi3l3 é membro da familia das quitinases, originalmente descrito como
um fator quimiotatico de eosinéfilo produzido por células T CD8. E um gene altamente
expresso nos pulmdes e baco de camundongos, porém sua funcdo nos macrofagos ainda

ndo esta bem elucidada (Noel, Raes et al. 2004; Meera, Daniel, et al. 2003). Ja o gene
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Retnla foi primeiramente identificado em fluido de lavagem de camundongo com asma
experimentalmente induzida e € um membro da familia das moléculas secretadas ricas
em cisteina, sua funcdo nos macrofagos ainda nao é clara também (Noel, Raes et al.
2004; Meera, Daniel, et al. 2003).

- LPS IL-10

IFN-y IL-13
CD80 l CD206 l
CD86 CD163
S <
\ g«
Ym1
| ‘ Fizz1

&
\, TNF-a \ IL-10

IL-6 IL-4
IL-12p40 TGF-B

Figura 3. Fendtipos M1 e M2 de macrofagos.Macrofagos séo ativados por IFN-y e/ou LPS que os levam
a polariacdo de fendtipo M1, que caracteriza-se pela maior expressdo de moléculas coestimulatérias
CD80, CD86, a producdo da enzima iNOSe a liberacdo de citocinas pré-inflamatérias como TNF-a, IL-6,
IL-12. Por outro lado, a ativacdo alternativa de macréfagos se da por 1L-4 e/ou 1L-13 ou IL-10, que leva a
uma maior expressdo de CD206, CD163 na membrana, a uma maior producdo da enzima arginase no

citoplasma e a uma liberag&o aumentada de IL-4, IL-10, TGF-p. (Figura por Borges, TJ)

Quanto a funcionalidade, macrofagos M1 possuem um importante papel contra
patdgenos intracelulares e mecanismos antitumorais. Em uma resposta inflamatoria
contra um patdégeno as células NK (Natural killer) reagem produzindo IFN-y
transientemente, citocina que em uma resposta adaptativa € produzida por células Thl, o
que pode levar os macrofagos a secre¢do de citocinas pro-inflamatdrias, radicais de
nitrogénioe oxigénio, levando a uma maior capacidade de eliminacdo do micro-
organismo invasor (Mosser and Edwards 2008). Por outro lado, ha uma transicdo do
fenétipo M1 ao M2, quando a infec¢do torna-se crbnica, o que pode proporcionar
protecdo ao hospedeiro contra uma resposta inflamatéria exacerbada(Sica and
Mantovani 2012). Em muitas doencas parasitarias os macrdfagos sofrem polarizacdo a
um fendtipo M2. Em infec¢bes causadas por Taeniasolium e Taenia crassiceps em
humanos, observa-se a polarizagdo de macréfagos aum feno6tipo M2 apos a fase aguda

da doenga (>4 semanas). Em infecg¢Ges por Schistosoma os carboidratos dos ovos sdo 0s
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principais produtos que levam a uma resposta Th2, que pode formar um microambiente
favoravel ao desenvolvimento de macr6fagos M2 (Noel, Raes et al. 2004). Macro6fagos
ativados alternativamente estdo presentes também em alergias,visto que essas propiciam
um ambiente Th2, que é propicio a polarizacdo de macréfagos. A asma esta associada a
remodelagdo tecidual, incluindo a deposicdo de colageno e hiperplasia de células
caliciformes e os macr6fagos M2 estdo intimamente envolvidos neste processo (Sica
and Mantovani 2012).

1.1.4 Macrofagos e cancer

Em 1863, foi quando pela primeira vez se viu a presenca de leucocitos em um
tecido canceroso por Rudolph Virchow (Balkwill and Mantovani 2001). Séculos se
passaram e 0s estudos relacionando o papel e as caracteristicas das células imunes
associadas ao cancer continuam incessantes.

Os macrofagos sdo os leucdcitos presentes em maior nimero na maioria dos
tumores (Mantovani, Bottazzi et al. 1992). Essas células, denominadas TAMs (Tumor
associated macrophages - macréfagos associados a tumores) séo recrutadas aos tumores
através de quimiocinas. Funcionalmente, os TAMs possui duas vias as quais podem
atuar, uma, matando as células tumorais, na outra, podem promover a angiogénese, 0
crescimento tumoral e a metastase (Balkwill and Mantovani 2001).

Nos estudos iniciais pensava-se que era necessaria a presenca de células T e NK
para 0 recrutamento de TAMs. ApéOs experimentos de transplante tumoral em
hospedeiros com defeitos na imunidade mediada por células T e células NK, mostrou-se
que a imunidade especifica ndo é determinante para a infiltracdo de macréfagos, mas
fatores liberados pelas prépias células tumorais sdo os que fazem o recrutamento celular
(Mantovani, Bottazzi et al. 1992).

Ao serem recrutados para 0s sitios tumorais, 0s macrofagos recebem estimulos
que os levam a adquirir um fenotipo M2-like, visto a auséncia de IFN-y e produtos
bacterianos e a presenca de IL-10, TGF-B secretados por células neoplasicas,
fibroblastos e células T reguladoras (Solinas, Germano et al. 2009). Estudos mostram a
relacdo entre fenotipos M2-like e 0 aumento do grau e largura do tumor em pacientes
com cancer de mama (Medrek, Ponten et al. 2012), M2-like e fibroblastos associados ao

tumor com a piora de prognéstico em cancer colorretal (Herrera, Herrera et al. 2013) e
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com aumento da progressdo tumoral em céncer de prostata(Comito, Giannoni et al.
2013).

1.2 Proteinas de choque térmico

Em 1962, Ferrucio Rittossa observou em seu laboratério nas glandulas salivares
de Drosophila larvae o aparecimento de puff scromossémicos induzidos por calor, ap6s
a temperatura da estufa ser elevada acidentalmente por um colega de laboratério (De
Maio, Santoro et al. 2012). Posteriormente, esta aparentemente inocente observacao,
levaria a identificacdo de genes envolvidos nesse processo e a proteinas induzidas,
iniciando assim, uma ampla linha de pesquisa na area de resposta ao choque térmico.

As proteinas de choque térmico (HSPs — Heat Shock Proteins) séo chaperonas
moleculares responsaveis pelo dobramento de proteinas ainda ligadas ao ribossomo ou
que ja sofreram a sintese e necessitam de um dobramento adequado. S&o proteinas que
exercem sua funcdo tanto em condicgdes fisiologicas normais, como em situacdes de
estresse, auxiliando no redobramento de proteinas que estdo em processo de degradacédo
e impedem o0 agregacdo proteica. As proteinas de choque térmico estdo entre as
proteinas mais conservadas entre organismos procariéticos e eucarioticos (Parsell and
Lindquist 1993). Todos organismos respondem ao calor produzindo proteinas de choque
térmico.

As proteinas de choque térmico sdo divididas em familias de acordo com sua
similaridade de sequéncia e peso molecular, sendo elas Hsp100, Hsp90, Hsp70, Hsp40,

Hsp27, Hsp10, small Hsps entre outras(Jolly and Morimoto 2000).

1.2.1 Proteinas de choque térmico de 70 kDa (Hsp70)

A Hsp70 é a proteina mais conservada dentre as espécies, desde as
arqueobactéria e plantas até os humanos. A homdloga procariotica possui 50% de
identidade de sequéncia de aminoacidos com a eucariotica, aléem de a funcdo ser

altamente conservada. Essa familia de proteinas estd presente em diversos
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compartimentos celulares, como no citosol, mitocondria, reticulo endoplasmatico (Feder
and Hofmann 1999).

A Hsp70 age sobre proteinas que estdo sendo sintetizadas pelo ribossomo, ou
seja, a0 mesmo tempo em que a nova proteina esta se formando, esta chaperona ja esta
auxiliando no seu dobramento (Alberts, Wilson et al. 2008). A Hsp70 liga-se a sitios
hidrofébicos da proteina em formacéo e esse processo de dobramento utiliza a energia
do ATP. Além disso, essa chaperona é capaz de prevenir a agregacdo de proteinas e
promove o redobramento de proteinas agregadas (Feder and Hofmann 1999).

1.2.2 O papel imunomodulador da Hsp70

A Hsp70 provenientes de diversas fontes vem se mostrando como uma
importante proteina na modulacdo de células imunes inatas (Borges, Wieten et al.
2012). Inicialmente, pode-se citar um estudo feito pelo nosso grupo que mostrou que a
Hsp70 de Mycobacterium tuberculosis é capaz de inibir a maturacdo de células
dendriticasin vitro e inibir a proliferagdo de linfécitos T in vitro. E esse tratamento
induziu a producdo de IL-10 e ndo a de TNF-a (Motta, Schmitz et al. 2007). A
modulacdo da Hsp70 extracelular pode ser observada em fatores de transcricao
importantes na resposta inflamatéria, como C/EBPP e C/EBPS. Foi observada uma
diminuicdo da expressdo desses fatores de transcricdo, em relacdo ao controle, quando
células dendriticas derivadas de medula 6ssea (BMDCs) foram tratadas com Hsp70.
Além disso, a diminuicdo da expressdo desses fatores de transcricdo esta associada a
diminuicdo da producdo de TNF-a, IFN-y e MCP-1, e esse efeito ndo ocorre em células
derivadas de animais TLR2 e IL-10 nocaute e quando as moléculas ERK e
JAK2/STAT3 sdo bloqueadas(Borges, Lopes et al. 2013). Além disso, a estimulacdo de
células dendriticas derivadas de mondcitos humanos com Hsp70 humana e a posterior
cultura dessas células com células T, mostrou uma diminuicdo na proliferacdo de
células T, mesmo na presenca de estimulo com IL-2, além uma menor producédo de IFN-
vy pelos linfécitos (Stocki, Wang et al. 2012). Em outro estudo de modulacéo de células
inatas, foi observado a supressdo de PGIA (proteoglycan-induced arthrits - artrite
induzida por proteoglicano) com o tratamento de camundongos com DCs tratadas com

Hsp70 de Mycobacterium tuberculosis e de camundongo(Spiering, van der Zee et al.
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2013). Além de modular as células do sistema imune inato, um estudo em células
sinoviais de pacientes com artrite reumatoide e células mononucleares periféricas do
sangue, mostrou a producdo de IL-10 por essas células e isso foi acompanhado de uma
diminuicdo de TNF-a (Detanico, Rodrigues et al. 2004). Outro estudo mostrou que a
Hsp70 extracelular levou a uma menor producéao de IL-6, IL-8 e MCP-1 em fibroblastos
de pacientes com artrite, além de inibir a translocag¢do de NF«B para o nicleo(Luo, Zuo
et al. 2008).

Diversos estudos tém abordado a Hsp70 extracelular como uma proteina que
modula macréfagos a contribuirem na formacéo de um ambiente pro-inflamatorio (Asea
A., Kraeft SK., 2000) . Por outro lado, a Hsp70 intracelular é vista como uma proteina
que modula os macrofagos a formarem um microambiente anti-inflamatorio (Lee and
Repasky 2012).Porém, ja & bem documentado, assim como relatado nos estudos citados
acima, que um dos grandes contribuintes para esse carater pro-inflamatorio da Hsp70 é
a endotoxina contaminante LPS (Lipopolissacarideo) presente na parede bacteriana de
bactérias gram-negativas e é um agonista de TLR4. Sabendo isso, é de suma
importancia, ter muito cuidado com essa questdo, visto que a producdo da grande
maioria de Hsp70 utilizada nos trabalhos cientificos vem de sistemas de proteina
recombinante, os quais utilizam bactérias na sua producdo (Aida and Pabst 1990).

Assim, procuramos utilizar neste trabalho uma Hsp70 com o minimo possivel de
contaminantes, assim como a utilizada nos estudos que provaram sua modulacdo sobre
células dendriticas, células sinoviais e na proliferacdo de células T. Tendo isso em
mente, procuramos avaliar o efeito causado pela estimulacdo de macréfagos com Hsp70

sob parametro de fendtipo celular e funcionalidade.
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2. OBJETIVOS

2.1 Objetivo geral

Investigar o papel da Hsp70 de Mycobacterium tuberculosis quando exposta a

macrd6fagos murinos

2.2 Objetivos especificos

2.2.1 Avaliar o efeito da Hsp70 sobre marcadores bioquimicos que distinguem

fendtipos de macrofagos, como a enzima arginase e a producgéo de 6xido nitrico;

2.2.2 Avaliar a expressdéo de genes (Retnla, Chi3l3) mais expressos

caracteristicamentedo fendtipo M2;

2.2.3 Awvaliar as citocinas liberadas por macréfagos murinos polarizados;

2.2.4 Avaliar a expressao de receptores de superficie celular (CD80, CD86, CD206)

em macrdéfagos estimulados com Hsp70;

2.2.5 Testar o efeito funcional de macréfagos estimulados com Hsp70 em um modelo

de melanoma murino.
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3. MANUSCRITO

Extracellular heat shock protein 70 from Mycobacterium
tuberculosis generates tumor-promoting M2-like macrophages

Este manuscrito quando finalizado serd submetido ao periédico cientifico "PlosOne".
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Abstract

Macrophages are myeloid cells that play an essential role in inflammation and host
defense, regulating immune response. Depending on the microenvironment,
macrophages can polarizes to distinct phenotypes. The M1 phenotype, inflammatory, is
activated by IFN-y and bacterial products and these cells express CD80, CD86, produce
NO and are I1L-12". M2 macrophages, are anti-inflammatory, and are activated by 1L-4
and/or 1L-13, expressing 1L-10, CD206 and arginase. This subset of macrophages is
important in parasite infections, fibrosis, wound healing and tissue homeostasis,
regulating insulin sensitivity and immune regulatory functions. In previous works form
our lab and others, it was observed that Hsp70 had an immunosuppressive role, leading
to a tolerizing phenotype of innate immune cells of arthritis patients. However, the role
of Hsp70 in macrophages needs to be further elucidated. In this study, we investigated
whether Hsp70 was able to modulate macrophages to an M2 phenotype. Murine
macrophages derived from bone marrow by GM-CSF (GM-BMMs) or peritoneal
macrophages were incubated for 24h either without stimulus, IL-4, LPS or Hsp70.
Treatment with Hsp70 showed an increase of F4/80+CD206+ cells in comparison to
other treatments in a similar manner to IL-4. In addition, Hsp70-treated macrophages
presented higher arginase activity and I1L-10 than other treatments. Importantly, Hsp70-
treated macrophages were able to promote tumor growth in a model of melanoma in
BALB/c mice more than other treatments. Our results suggest that Hsp70 polarizes

macrophages to the M2-like phenotype.
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Introduction

Macrophages (M®s) are myeloid cells which have an important role during
inflammation, resolution, repair and cancer [1]. These cells have a marked phenotypic
heterogeneity, which is dependent on the microenvironment conditions. This
heterogeneity is evident when macrophages are stimulated with T helper 1 or T helper 2
cytokines. Classically activated macrophages (M1) are activated by Thl cytokines
(IFN-y) or by bacterial products (e.g. lipopolysaccharide - LPS). They are able to
control infections, have a tumoricidal activity and secrete high levels of pro-
inflammatory cytokines. Alternatively activated macrophages (M2) are activated by Th2
cytokines (IL-4 and/or IL-13) and have important roles in allergy, parasitic infections
and tissue repair. Both phenotypes can be differentiated by surface receptors,
transcription factors and cytokines profile produced. M1 macrophages express CD80,
CD86, produce NO and secrets pro-inflammatory cytokines like TNF-a, I1L-12, IL-6 and
IL-1B. M2 macrophages express CD206, CD163 and they can produce IL-10, TGF-p
and arginase [2-6]. In addition, differential M2 macrophage polarization can be defined
based on a specific genetic signature as the upregulation of FIZZ1 (also known as
Retnla) and YmL1 (also known as Chil3I3) genes [7,8].

In solid tumors, macrophages have the ability to infiltrate tumor
microenvironment and modulate T-cell and stroma activity to either promote or inhibit
tumor progression [9]. Tumors have evolved to recruit macrophages (tumor associated
macrophages - TAMs) and polarize them by factors presented in microenvironment. M1
TAMs exhibiting antitumor activity are found in tumors in remission. In well
established and growing cancers, macrophages are biased toward the M2-like phenotype
that has tumor-promoting functions [10-13]. In addition, Infiltration of M2 macrophages
in tumor sites is correlated with a poor prognosis [14,15].

Extracellular Hsp70 from different sources has been demonstrated to have
protective and regulatory roles in different inflammatory disease models as arthritis
[16,17], colitis [18], transplants [19] and brain ischemia [20]. These effects were
reported to be due to modulation of innate cells as dendritic cells (DCs) [21-23] and
monocytes [24] to a tolerogenic state. However, the immune suppressive roles of
extracellular Hsp70 in macrophages have to be elucidated. In the present study we

investigated whether extracellular Hsp70 (Hsp70) can polarize bone marrow
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macrophages differentiated with GM-CSF (GM-BMMs), as well as mature peritoneal
macrophages to an alternative activated (M2) phenotype. GM-BMMs treated with
Hsp70 upregulated arginase activity, expression of Yml and FIZZ1, and IL-10

production in similar levels to M2 Mas polarized with IL-4. Furthermore, these cells

presented M2 function in vivo in a murine melanoma model, enhancing tumor growth.
Our results indicate that macrophages treated with Hsp70 are functional M2-like cells,

and able to promote tumor growth.
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Results

Extracellular Hsp70 induces the expression of M2 markers in bone marrow-derived

macrophages

To verify the effect of Hsp70 treatment on Ms polarization, we treated GM-

BMMs with different concentrations of Hsp70 and compared INOS and arginase
activities with M1 or M2 macrophages polarized with LPS or IL-4, respectively.
Macrophages treated with either 30 or 60 pg/ml of Hsp70 presented iNOS activity in
levels comparable to IL-4 and medium treated cells (Fig. 1A). In contrast, Hsp70
treatment increased the activity of arginase in both concentrations tested when
compared with medium or LPS (Fig 1B), similarly to M2 macrophages polarized with
IL-4 (Fig. 1B). Because we saw no differences between both Hsp70 concentrations that
were tested, we used 30 pg/mL in the following experiments.

Murine polarized macrophages exhibit a distinct gene signature which can be
used as polarization-associated markers [25]. The M2 phenotype is associated with the
expression of FIZZ1 and Ym1 [7,8]. To evaluate whether Hsp70 can induce these M2
markers, we treated GM-BMMs with LPS, IL-4 and Hsp70 for 24h and then assessed
MRNA levels of FIZZ1 and Ym1 by real time PCR. As expected, GM-BMMs elevated
the expression of FIZZ1 and Ym1 upon IL-4 stimulus (Fig. 1C). In addition, Hsp70-
treated macrophages upregulated their FIZZ1 and Ym1 expression in greater extension
than IL-4-treated or control macrophages (Fig. 1C). Altogether, these data demonstrated
that the treatment of BMMs with Hsp70 induces the expression of well characterized

markers associated with M2 phenotype.

Macrophages release an M2-like cytokine profile upon stimulation with Hsp70

To investigate the profile of released cytokines by macrophages, we analyzed the
production of TNF-a, MCP-1, IL-6 and IL-10 upon stimulation with LPS, Hsp70 or IL-
4 for 24h (Fig. 2). Treatment of GM-BMMs with LPS led to an increased production of
TNF-o when compared to medium, IL-4 and Hsp70 treatments (Fig. 2A). In contrast,
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Hsp70 or IL-4-treated M produced higher levels of IL-10 when compared with LPS or

medium (Fig. 2B). MCP-1 production was lower in Hsp70-treated M@s when

compared to LPS and IL-4 and similar levels with medium (Fig. 2C). In the same way,
IL-6 presented a lower level in the Hsp70 group when compared to LPS, and a similar
level to without stimulus and IL-4 treatment (Fig. 2D). Thus, murine macrophages
treated with Hsp70 for 24h were able to produce low levels of the cytokines
characteristic of inflammatory responses, which are released by M1 macrophages. In
contrast, these macrophages were able to produce high levels of IL-10, showing a
profile skewed to M2 phenotype.

Regulation of macrophage surface markers by Hsp70 in GM-BMMs

Alternatively activated macrophages present on their cell membrane a specific
surface marker, CD206 (the mannose receptor). In contrast, classically activated
macrophages express higher levels of CD80 and CD86. To analyze the expression of
these surface molecules, we stimulated GM-BMMs with Hsp70 and analyze them for
the expression of CD206 and CD80 by flow cytometry. Figure 3A contains
representative dot plots of the surface stains analyzed. Hsp70-treated macrophages
presented a lower expression of CD80 in comparison with other treatments, as
demonstrated by the percentage of F4/80+CD80+ cells and by CD80 MFI (Fig. 3A and
C). Treatment with Hsp70 increased the expression of CD206 in comparison to other
treatments (Fig. 3B). The percentage of F4/80+CD206+ cells and CD206 MFI

confirmed these findings (Fig. 3D). These results indicated that Mds treated with

Hsp70 presented a profile of surface molecules consistent with that is observed in

alternative activated macrophages.

Extracellular HSP70 induces an M2-like phenotype in peritoneal macrophages

To access the modulatory effects of Hsp70 in Mgs from another source, we

obtain cells from peritoneum cultured them in presence of IL-4, LPS, Hsp70 or left
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unstimulated for 24h. After that, cells were stained for F4/80, CD80, CD86 and CD206.
Macrophages treated with Hsp70 showed a lower expression of CD80 and CD86 when
compared with medium and LPS (Fig. 4A and B). Also, the levels of M@s positive for

CD80 or CD86 were similar in cells treated with 1L-4 and Hsp70 (Fig. 4A and B). In
contrast, macrophages treated with extracellular Hsp70 showed a higher expression of
CD206 than other treatments, including macrophages treated with IL-4 (Fig. 4C). So,

extracellular Hsp70 has immune modulatory roles in both BMMs and peritoneal M s,

as observed by the expression of surface markers.

HSP70-treated macrophages promotes melanoma growth in mice

Tumor associated macrophages (TAMSs) are important to tumor progression,
tolerizing tumor microenvironment and avoiding T-cell antitumor effector responses. To
test whether the M2-like macrophages generated by Hsp70 treatment were functional,
we tested their ability to promote tumor growth in a murine melanoma model. We co-
injected GM-BMM s treated with Hsp70 or LPS with B16F10 cells (I-A”) in BALB/c

mice (I-A% and accompained tumor growth (Fig. 5A). As expected, tumors co-injected
with M1 Mas or alone could not develop in BALB/c hosts (Fig. 5B and C).
Surprisingly, when B16F10 cells were injected together with Hsp70-polarized
macrophages tumors were capable to establish and grown in a extended manner when
compared with B16 or B16 + LPS-Mas groups (Fig. 5B). The great difference in tumor
growth was macroscopic (Fig. 5C). Altogether, these findings indicated that

extracellular Hsp70 was capable to generated M2-like macrophages with tumor

promoting properties.
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Discussion

Cancer cells have evolved several mechanisms to evade elimination by immune
system avoiding tumor growth [26]. Tumor microenvironment is characterized by the
infiltration of immunosuppressive cells as Tregs, MDSCs and TAMs with a M2-like
phenotype that contribute to tumor immunosurveillance [27]. We have previously
shown that tumor cells treatment with extracellular Hsp70 from M. tuberculosis can
establish tumor growth in an allogeneic tumor model in which we injected BALB/c
mice (H-2% with B16F10 melanoma cells (H-2°), increasing infiltration of Tregs at the
tumor allograft site in Hsp70-treated animal [19].

In addition to Tregs, macrophages are important to promote tumor progression
and enhanced TAMs infiltration is associated with poor prognosis [28,29]. In the
present study, we demonstrated that tumor growth was enhanced in murine melanoma
model in which cancer cells were co-injected with of M2-like macrophages generated
with extracellular Hsp70 (Fig. 5). In accordance with these findings, the co-injection of

M2 Mas from bone marrow with mammary carcinoma cells 4T1 increased tumor

growth and lung metastasis in mice [30].

Historically, intracellular Hsp70 was associated with immune modulatory roles
while its extracellular form with inflammatory effects on macrophages [31]. It was
demonstrated that Hsp70 can induce iNOS synthase and NO production in murine and
human macrophages [32]. Also, after heat stress macrophages can release membrane-
associated Hsp70 capable to induce TNF-a [33]. However, the inflammatory effects
induced by Hsp70 seen in macrophages were associated with endotoxin contamination
in recombinant protein preparation [34,35].

Hsp70 was reported to be secreted by cancer cells [36]. In addition, its
extracellular form was demonstrated to have immune modulatory roles on innate
immune cells [37]. Our group reported that extracellular mycobacterial Hsp70 can
inhibit maturation of bone marrow derived DCs (BMDCs) and induce de production of
IL-10 by these cells [21]. Also, it can downregulate the expression of C/EBP-$ and
C/EBP-6 transcription factors and inhibits the production of pro-inflammatory cytokines
[38]. Chalmin et al. demonstrated that both murine and human Hsp70 associated in

exossomes membranes is released from tumor cells and enhances immunosuppressive
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functions of MDSCs [39]. These cells are extensively present in tumor-bearing mice
and they mediated immune suppression in tumor sites [40].

A member of the small heat shock proteins family - Hsp27 - has its extracellular
counterpart also associated with immunosuppressive effects on APCs [41]. Banerjee et
al. reported this protein can be released by human breast cancer cells. This extracellular
Hsp27 can differentiate human monocytes to macrophages that possess a tolerogenic
phenotype, acting in immune escape and tumor growth [42]. So, we believe that
extracellular HSPs secreted by cancer cells promote the tolerization of tumor
microenvironment by modulating innate cells, avoiding T-cell responsiveness and
contributing to tumor growth. It is also possible that extracellular HSPs are being uptake
by APCs, its peptides presented in MHC Il molecules generating HSP-specific Tregs
[43].

We demonstrated that extracellular Hsp70 from M. tuberculosis can generated
both derived from bone marrow or peritoneal macrophages with M2-like phenotype. |
was assessed by the expression of Fizz1 and Ym1 molecule and arginase activity in
levels comparable with IL-4 stimulated macrophages. Hsp70 treatments also lead to the
production of IL-10 and expression of CD206 surface marker. Finally, the macrophages
generated in presence of Hsp70 were capable to promote tumor growth in both

allogeneic model of murine melanoma.
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Material and Methods

Mice

6 to 10-weeks-old female C57BL/6 mice were purchased from FEPPS (Rio
Grande do Sul, BRA). All mice were housed in individual and standard mini-isolators
(Techniplast) in an SPF facility (Institute of Biomedical Research — PUCRS) with free
access to water and food. All procedures were performed in accordance with the
guidelines of the Federation of Brazilian Societies for Experimental Biology and
approved by the Ethics Committee for the Use of Animals of PontificiaUniversidade
Catolica do Rio Grande do Sul (CEUA-PUCRS) under protocol ID CEUA 12/00316.

Protein purification and LPS extraction

Recombinant Hsp70 of Mycobacterium tuberculosis was produced with the
construct pET23a(+)/MtbHsp70 in XL1-blue Escherichia coli and purified according to
Mehlert [44]. To remove LPS, Triton X-114 was used according to the method
described in Aida et al. [45]. Contaminating Triton X-114 was removed by incubating
overnight with Bio-Beads® (Bio-Rad) at 40C with agitation, as described in [21].
Protein concentration was determined using Qubit® Protein Assay Kit (Invitrogen) and

the Qubit® Fluorometer (Invitrogen).

Macrophages cultures and polarization

Macrophages were grown from bone marrow of C57BI/6 WT mice. Cells (10°)
were cultured in 24-well plates in serum-free medium AIM-V® (Gibco) with 10 ng/mL
of GM-CSF (Peprotech). At day 3, medium was collected and cells were cultured for a
further 3 days in the presence of fresh AIM-V with 10 ng/mL of GM-CSF. On the
seventh day of culture, the non-adherents cells were separated from adherents cells
(macrophages) and stimulated as described below. Flow cytometry analysis

demonstrated a purity higher than 90% in GM-BMMs cultures (data not shown).
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Peritoneal macrophages were collected by peritoneal cavity wash with 5 mL of
sterile serum-free AIM-V medium (Gibco). The cells were washed twice with sterile
PBS and suspended in AIM-V, transferred to a 24 multi-well plates and allowed to
attach for 30 min. Unattached cells were washed out with medium. The attached cells,
mainly peritoneal macrophages, were used for the experiments thereafter. Macrophages
were evaluated by microscopic examination of the culture wells after May-Grunwald
and Giemsa stains, indicating macrophage purity higher than 80%. Purity was
confirmed by flow cytometry, using the F4/80 Ab (data not shown).

The obtained macrophages (from bone marrow or peritoneum) were stimulated
for 24 h in serum-free AIM-V with 30 or 60 pg/mL of Hsp70 or left unstimulated. For
the generation of classically or alternative activated macrophages, cells were stimulated
with LPS (30 ng/mL) or IL-4 (40 ng/mL) (both purchase from Peprotech) for 24 h,

respectively.

Arginase Assay

Arginase activity in cell lysates was measured based on the conversion of L-
arginine to L-ornithine and urea according to the technique described by Corraliza and
collaborators [46] with minor modifications. Briefly, cells were lysed for 30 min with
40 pL of PBS 0,1% Triton-X-100. 30 uL of 25 mMTris-HCI, pH 7.4 and 10 pL of 10
mM MnCl, were added and the enzyme was heat-activated for 10 min at 56°C. Similar
amounts of samples (40 pL) and 0.5 M L arginine (pH 9.7) were mixed and incubated
for 1 h at 37°C. The reaction was stopped by adding 400 puL of H2SO. (96%), H3PO4
(85%), H20 (1/3/7, viviv). The urea concentration was measured at 540 nm after the
addition of 8 pL of a-isonitropropiophenone 6%, followed by heating at 95°C for 30

min. Values were compared with a standard curve of urea concentration.

Nitrite Assay

Nitrite concentrations were measured using the Greiss reaction [47]. We used

the Greiss Reagent Kit for Nitrite Determination (Molecular Probes), according to
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manufacturer's instructions. Samples were quantified by spectrophotometry at 540 nm

using sodium nitrite as standard.

Flow cytometry

Macrophages were Fc blocked and stained for F4/80 (BM8) from eBioscience;
CD80 (16-10A1), CD86 (GL1) from BD Biosciences; and CD206 (MR5D3) from
AbDSerotec. Cells were analyzed using FACSCanto Il (BD Biosciences) and BD
FACSDiva software (BD Biosciences). Data obtained were analyzed using Flowjo
software (version 7.6.5, Tree Star).

Total RNA isolation and cDNA synthesis

Total RNA was isolated from murine macrophages cultures using RNAeasy Kit
(Qiagen) according to manufacturer's instructions. The concentration of the purified
total RNA samples was measured using a Qubit® RNA Assay Kit (Invitrogen) and the
Qubit® Fluorometer (Invitrogen). We added 50 ng of RNA each cDNA synthesis
reaction using the SuperScript-111 RT pre-amplification system (Invitrogen, Carlsbad,
CA, USA). cDNA concentrations were measured using Qubit® dsDNA HS Assay Kit

(Invitrogen) and the Qubit® Fluorometer (Invitrogen).

Real time PCR

Real time PCR was carried out StepOne™ Real-Time PCR System (Applied
Biosystems) using Platinum® SYBR® Green gPCRSuperMix-UDG (Invitrogen)
following the manufacturer’s instructions. The thermal cycling conditions included an
initial denaturation for 2 min at 95 °C and 40 cycles consisting of a denaturation step at
95 °C for 15 s, an annealing step at 60 °C for 30 s and an extension step for 1 min at 70

°C. Samples was analyzed in triplicates. The relative mRNA levels were calculated
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using the comparative Ct method [48], using the house keeping gene p-microglobulin as

a normalizer. Non-treated Ms served as a reference for treated Ms.

Primers  sequences we used for  B-microglobulin  were F:
TCCTGGCTCACACTGAATTC and R: CTGCGTGCATAAATTGTATAGCA,; for
Fizzl (retnla) F: TCCCAGTGAATACTGATGAGA and R:
CACTCTGGATCTCCCAAGA,; and for Yml (Chi3l3) F:
GGGCATACCTTTATCCTGAG and R: CCACTGAAGTCATCCATGTC

Cytokines release measurement

Supernatants of cell cultures were analyzed for the presence of TNF, IL-10,
MCP-1, IL-6, IL-12p70 and IFN-y with the CBA Mouse Inflammation kit (BD
Biosciences), according to manufacturer’s instructions. Samples were analyzed using
FACSCanto Il (BD Biosciences) and BD FACSDiva software (BD Biosciences). Data
obtained were analyzed using FCAP Array software (version 3.0, Soft Flow, Inc.) and

expressed in pg/ml.

Tumor and BMMs co-injection

The murine melanoma cell line B16F10 (ATTC CRL-6475) was cultured with
DMEM media (Cultilab) supplemented with 10% of fetal calf serum (FCS) (Cultilab),
1x essentials amino acids (Gibco), 1x vitamins (Gibco) and 55 puM of B-
mercaptoethanol at 37°C with 5% of CO, atmosphere.

B16F10 (8 x 10°) cells were co-injected with 10* of B6 GM-BMM s treated with
LPS or Hsp70 as previously described in 100 puL of serum-free RPMI. Injections were
performed subcutaneously in the thigh of male BALB/c or C57BI/6 mice, after
anesthesia with 83 mg/kg of ketamine and 17 mg/kg of xylazine. Mice were
photographed and tumor growth was evaluated using a digital caliper (Mitutoyo) in day
8, 10, 12, 14 and 16 post tumor injections. On 16th day after tumor injection, mice were

sacrificed, the primary tumor was removed and weighted.
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Statistical analysis

Statistical analysis was performed using the Prism software (version 5.00,
Graphpad Software Inc.). The one-way ANOVA test was used to determine differences
between groups. Multiple comparisons among levels were checked with Tukey post hoc
test. Differences between specific points were determined by a t test. The level of

significance was set at p < 0.05.
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Figure legends

Figure 1. Extracellular Hsp70 induces the expression of M2 markers in bone
marrow-derived macrophages. Macrophages were treated with 30pug/mL or 60ug/mL
Hsp70 for 24h. (A) iNOS activity was determinated by nitrite (NO?") accumulation in in
the supernatant of macrophages. Data show mean + S.D. of three independent
experiments. (***) p<0.001 indicates difference significant between treated groups and
LPS group (2x10* cells) (B) Arginase was estimated by measuring the formation of
urea from arginine (2x10* cells). Data show mean + S.D. of three independent
experiments. (C) Effect of Hsp70 on FIZZ1 and Ym1 expression in macrophages were
quantified by gPCR. The total the amount of FIZZ1 and Ym1 mRNA was normalized to
B-microglobulin signals and expressed as 2"2/ACT. The values represent means + SEM of
at least three independent experiments. All data were analyzed by one-way ANOVA

with Tukeypost hoc test.

Figure 2. Macrophages release an M2-like cytokine profile upon stimulation with
Hsp70. Macrophages were treated with 30ug/mL Hsp70 for 24h. (A) TNF-a, (B) IL-10,
(C) MCP-1 and (D) IL-6 were measured from supernatant of macrophages cultures by
CBA Mouse Inflammation kit (BD Biosciences). The values represent means + S.D. of
three independent experiments. (**) p<0.01 indicates significant difference between

medium group.

Figure 3. Regulation of macrophage surface markers by Hsp70 in GM-BMMs. Flow
cytometry analysis of surface (A) CD80 and (B) CD206 expression in macrophages
treated with 30ug/mL Hsp70 for 24h. Double positive cells percentage (C)
(F4/80+CD80+ cells) and Mean Fluorescence Intensity (MFI) ofCD80 and (D)
(F4/80+CD206+ cells) and MFI ofCD206 expression. Data are representative of three
independent experiments with pooled macrophages from one to two mice per
experiment. (**) p<0.01 indicates significant difference between the macrophages
exposed to Hsp70 in relation to mediumgroup, the data were analyzed by one-way
ANOVA with Tukey post hoc test.
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Figure 4. Extracellular HSP70 induces an Mz2-like phenotype in peritoneal
macrophages. Flow cytometry analysis of surface (A) CD80 and (B) CD86 expression
in macrophages treated with 30ug/mL Hsp70 for 24h. (C) CD206+ Histogram of
macrophages exposed to Hsp70 . All the data were analyzed by one-way ANOVA with
Tukey post hoc test.

Figure 5. Hsp70-treated macrophages promote tumor growth. (A) Themurine
melanoma cell line B16F10 was co-injected with macrophages exposed to 30ug/mL
Hsp70as illustrated in experimental design. (B) The cells weresubcutaneously injected
into BALB/c mice (4 mice per group) and the tumor volume was measured 8 later as
indicated. (C) Illustrative picture of size tumor. (*) p<0.05 indicates significant
difference between the macrophages exposed to Hsp70 in relation to B16 group The
data were analyzed by one-way ANOVA withTukey post hoc test.
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4.CONCLUSOES E PERSPECTIVAS

A ativacdo alternativa de macrofagos via IL-4 e IL-13 vem sendo muito estudada
desde a década de 90 quando primeiramente se prop0s a sua existéncia. Sabemos, a
partir desses estudos, que no ambiente tumoral hd a modulagdo de macrofagos
recrutados para um fen6tipo M2-like e que isso ocorre devido a liberacdo de citocinas
como TGF-B, IL-10, entre outros fatores liberados por células T regulatérias, células
tumorais. Porém, ndo estd muito clara na literatura a modulacdo de macréfagos em

relacdo ao fendtipo quando em contato com a Hsp70.

No0sso grupo e outros mostraram que a Hsp70 extracelular pode modular células
do sistema imune inato a gerar um ambiente anti-inflamatorio, o que é importante em

doencas inflamatorias como artrite reumatoide, em transplantes de 0rgaos, entre outros.

Nosso trabalho mostrou que a Hsp70 extracelular € capaz de modular
macrofagos a um fendtipo M2-like, tanto no fendtipo quanto de maneira funcional, visto

sua visivel progressdo tumoral em modelo de melanoma murino.

Assim, procuraremos investigar as rotas envolvidas nessa modulacdo, como o
papel da IL-10 e possivelmente receptores do tipo Toll que também podem estar

influenciando nesse sistema.
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