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RESUMO 

O câncer é uma das maiores causa de morte no mundo e o desenvolvimento 

de novas abordagens terapêuticas faz-se necessário. No presente trabalho 

estudamos dois pontos importantes relacionados com a interação entre e o 

câncer o sistema imune que podem fornecer dados fundamentais para 

imunoterapia anti-tumoral. Estudamos primeiramente a proteína de choque de 

calor HspBP1, descrita como uma co-chaperona da Hsp70. Vimos que a 

expressão de HspBP1 está elevada em amostra de tumores de pacientes com 

câncer de mama comparando com o tecido normal adjacente. Além disso, 

verificamos que níveis reduzidos de HspBP1 nestes  tumores está relacionado 

com pior prognóstico da doença. Em seguida, demonstramos que aumentando 

a expressão de HspBP1 em melanoma murino regredimos o crescimento 

tumoral in vivo e este mecanismo possivelmente está relacionado com Hsp70 e 

a resposta imune adaptativa. Concluindo, estes dados sugerem que HspBP1 

pode ser um alvo promissor para uma nova terapia antitumoral. Além disso, 

avaliamos a imunossupressão da resposta imune pelo tumor, o que pode ser 

um obstáculo para a eficiência das imunoterapias e para bom manejo do 

paciente com câncer. Observamos que a resposta imune CD4+ T específica iv 

vivo frente ao antígeno não expresso pelo tumor esta preservada no 

micorambiente tumoral. Avaliamos o priming e recall das células de memória e 

não observados diferença significativa entre os camundongos que possui tumor 

comparando com o controle. Acreditamos que os dados apresentados no 

presente trabalho fornecem informações importantes que podem contribuir para 

o melhor entendimento das interações entre câncer e o sistema imune. 

Palavras chaves: HspBP1, Hsp70, câncer, Células T CD4. 

 

 



 

 

ABSTRACT 

Cancer is one of the main causes of death in worldwide and development of 

new strategies of therapy is urgent. In the present study we evaluated two 

important issues related to the interactions between tumors and immune 

response that can provide essential information to improve anticancer therapy. 

Initially, we study HspBP1, an Hsp70 co-chaperone. We found that the 

expression of HspBP1 is elevated in human breast cancer comparing to normal 

adjacent tissue. Also, we demonstrated that lower levels of HspBP1 in the 

tumor samples correlated with poor patient’s outcome. Followingly, we found 

that over-expression of HspBP1 in melanoma murine can impair tumor growth 

in vivo and this function is probably associated with Hsp70 and adaptative 

immune responses. Collectively, these results suggested HspBP1 as a new 

target for tumor therapy.  In addition, we evaluated if the immunosuppressive 

microenvironment created by the tumor presence can influence in CD4+ T cells 

immune responses.  We found that in regard to priming and memory recall, 

there is no alteration in tumor bearing mice comparing to control mice. We 

believe that the data presented in this study contribute to a better understanding 

of complex interactions between immune system and tumor.  

Key word: HspBP1, Hsp70, Cancer, CD4+ T cells. 
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CAPÍTULO 1 

1.1 Introdução 

A despeito das múltiplas abordagens para terapia e prevenção, o câncer 

continua sendo uma das maiores causa de morte no mundo. O processo de 

formação do tumor é complexo e envolve múltiplos fatores que facilitam as 

mutações nas células, o que determina a expressão de oncogenes e a 

supressão de genes que previnem o desenvolvimento de tumor. As diferentes 

mutações conferem diversas vantagens seletivas para as células tumorais, 

permitindo seu crescimento  (Hanahan e Weinberg, 2000). A maioria das 

terapias antitumorais não-cirúrgicas disponíveis tem como alvo as células que 

estão proliferando rapidamente, também afetando as células normais, 

resultando em efeitos colaterais que limitam o tratamento, consequentemente 

novas estratégias de terapia são necessárias.  Atualmente está bem definido 

que o sistema imune pode reconhecer as células tumorais, e este fenômeno foi 

recentemente denominado de imunoedição (Dunn, Koebel et al., 2006; Bui e 

Schreiber, 2007).  Conseqüentemente, várias novas estratégias de terapia 

estão sendo estudadas objetivando uma resposta imune anti-tumoral eficiente 

a fim de eliminar o tumor. Diferentes tipos de vacinas vêm sendo testadas, 

incluindo a utilização de células tumorais inteiras (Eaton, Perry et al., 2002), de 

antígenos tumorais na forma de peptídeos (Rosenberg, 1998), proteína ou 

inseridos em vetores (Rosenberg, 1999) e células dendríticas pulsadas com 

antígenos tumorais (Engleman, 2003). Outra estratégia de vacinação é o uso 
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de proteínas de choque de calor (heat shock proteins (Hsp)) purificadas das 

células tumorais dos pacientes, objetivando a apresentação de antígenos 

tumorais e geração de resposta imune específica, vez que foi demonstrado que 

estas proteínas podem carregam antígenos tumorais (Srivastava, 2005).   Além 

disso, imunoterapias como a transferência adotiva de células T ativadas em 

pacientes com câncer (Dudley, Wunderlich et al., 2002) e uso de anticorpos 

humanizados específicos contra antígenos tumorais vêm sendo utilizadas 

(Bargou, Leo et al., 2008). Estas diferentes estratégias têm demonstrado que é 

possível gerar resposta imune antitumoral nos pacientes, entretanto a eficácia 

destas novas terapias ainda não esta atingindo os parâmetros esperados. 

Diversos fatores podem ser responsáveis pela baixa eficiência, mas 

principalmente o que ocorre é uma tolerização da resposta imune devido à 

presença do tumor (Rabinovich, Gabrilovich et al., 2007). Estes resultados 

sugerem que a imunoterapia contra tumores pode ser muito promissora, 

entretanto um melhor entendimento de todo o processo envolvido na resposta 

imune tumoral, as proteínas relacionadas e a possível tolerização, é necessário 

a fim de aprimorar as estratégias primeiramente propostas e fornecer 

informações importantes para o desenvolvimento de novas terapias. Portanto, 

no presente trabalho estudamos dois pontos importantes que podem fornecer 

dados fundamentais para terapia anti-tumoral. Estudamos primeiramente a 

HspBP1, uma proteína de choque de calor descrita como uma co-chaperona da 

Hsp70, a qual pode ser um alvo promissor para uma nova terapia antitumoral e, 

além disso, avaliamos a imunossupressão da resposta imune pelo tumor, o que 



 3 

pode ser um obstáculo para a eficiência das imunoterapias e para bom manejo 

do paciente com câncer. 

1.1.1 As proteínas de choque térmico em tumores 

As proteínas de choque térmico ou estresse (Hsps) foram primeiramente 

descritas em 1962 (Ritossa, 1962) e são um grupo de proteínas altamente 

conservadas, induzidas por estresses celulares como o calor e radiação 

ionizante, sendo distribuídas de forma ubíqua entre organismos procarióticos e 

eucarióticos. As Hsps de mamíferos podem ser classificadas em 5 principais 

famílias de acordo com seu peso molecular: Hsp100, Hsp90, Hsp70, Hsp60 e 

sHsp (small heat shock proteins) e estão presentes no citosol, membrana, 

núcleo, retículo endoplasmático e mitocôndria da célula (Jolly e Morimoto, 

2000). Cada família é composta por membros expressos constitutivamente e 

outros induzidos. Funcionam principalmente como chaperonas moleculares, 

transportando proteínas entre compartimentos celulares, ajudando no 

dobramento de proteínas que estão sendo formadas ou no redobramento de 

proteínas que sofreram danos, protegendo a agregação de outras proteínas, 

além de direcionar proteínas à rotas de degradação e auxiliar na dissolução de 

complexos protéicos (Jaattela, 1999b).  

1.1.1.1 A Hsp70 e resposta imune antitumoral 

A família Hsp70 é a mais conservada e a melhor estudada entre as 

outras famílias (Garrido, Gurbuxani et al., 2001; Daugaard, Jaattela et al., 

2005). A expressão da Hsp70 é regulada pelo fator de transcrição HSF1 (heat 
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shock factor 1), e é induzida nas células expostas ao calor e a uma variedade 

de outros estímulos estressantes, como espécies reativas de oxigênio, 

infecção, inflamação, hipóxia e drogas anti-tumorais (Morimoto, 1998). A Hsp70 

utiliza dois domínios funcionais para realizar sua atividade de chaperona, o 

domínio C-terminal de 18kDa que se liga ao substrato protéico e o domínio N-

terminal de 44kDa que possui atividade ATPásica e controla a abertura e o 

fechamento do domínio C-terminal (Flaherty, Deluca-Flaherty et al., 1990). A 

ligação e liberação do substrato protéico são moduladas pela afinidade 

intrínseca do peptídeo com a Hsp70 em ciclos de ligação e hidrólise de ATP 

(Hartl, 1996). Para adaptar este mecanismo de ação para específicas funções 

uma variedade de proteínas acessórias, chamadas de co-chaperonas, 

interagem com a Hsp70 e regulam sua atividade ATPásica. Um exemplo de co-

chaperona é Hsp40, que estimula a atividade ATPásica da Hsp70 acelerando a 

hidrólise do ATP,  resultando no aumento da forma da  ligada ao ADP em 

complexo estável com o substrato (Freeman, Myers et al., 1995; Minami, 

Hohfeld et al., 1996). Outras co-chaperonas, como GrpE, presente nos 

procarióticos e Bag-1 presente nos eucarióticos, aceleram a troca de 

nucleotídeo no domínio ATPásico da Hsp70, catalisando a liberação do ADP e 

re-ligação do ATP, com subseqüente liberação do substrato peptídico (Hohfeld 

e Jentsch, 1997). Outros fatores de troca de nucleotídeo de eucarióticos são 

Fes1p e Sls1p (Kabani, Beckerich et al., 2000; Kabani, Beckerich et al., 2002).  

A proteína HspBP1 (Hsp70 binding protein 1), é uma co-chaprerona, presente 

no citoplasma, que possui atividade de fator de troca de nucleotídeo por um 

mecanismo de ação diferente de Grpe ou Bag-1 (Shomura, Dragovic et al., 
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2005). Possui 25% de identidade e 38% de similaridade com Fes1p (Kabani, 

Mclellan et al., 2002). A HspBP1 é necessária para eficiente dobramento das 

proteínas no citosol, podendo inibir a Hsp70 quando presente em altas 

concentrações (Raynes e Guerriero, 1998).   

Níveis elevados de expressão de Hsp70 têm sido amplamente descritos 

em câncer de mama, cólon de útero, renal, endometrial, osteosarcoma, bem 

como em várias leucemias (Jaattela, 1999a; Helmbrecht, Zeise et al., 2000; 

Jolly e Morimoto, 2000; Torronteguy, Frasson et al., 2006). A vantagem seletiva 

de sobrevivência que esta proteína fornece, contribui para o processo de 

formação do tumor (Calderwood, Khaleque et al., 2006). A Hsp70 

citoplasmática é uma proteína anti-apoptótica, atuando em diversos pontos, 

pode bloquear os estágios pré-mitocondriais, mitocondriais e pós-mitocondriais 

da cascada apoptótica (Jaattela, Wissing et al., 1992; Mosser, Caron et al., 

1997). Em modelos murinos, altas concentrações da Hsp70 aumentam o 

potencial oncogênico de linhagem celulares cancerosas (Jaattela, 1995), do 

mesmo modo que, regulação negativa de Hsp70 diminui a oncogênese 

(Nylandsted, Rohde et al., 2000; Gurbuxani, Bruey et al., 2001). Entretanto, 

quando a Hsp70 encontra-se fora da célula tumor ou na sua superfície pode 

apresentar um efeito modulador da resposta imune antitumoral. A Hsp70 facilita 

a aquisição de antígenos tumorais pelas células dendríticas, facilitando a 

apresentação e processamento de antígenos pela via de MHCI, levando a 

indução de resposta de células T CD8 tumor específica (Arnold-Schild, Hanau 

et al., 1999). Alguns prováveis receptores para complexos Hsp70 peptídeos 
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tumorais nas células tumorais vem sendo indicados como exemplo LOX e SR-

A (Delneste, Magistrelli et al., 2002). Além disso, foi demonstrado que Hsp70 

quando presente na membrana das células tumorais pode ativar células NK 

(Gastpar, Gehrmann et al., 2005). Tivemos a oportunidade de revisar o papel 

da Hsp70 em tumores e sua complexa interação com o sistema imune e 

publicar um capítulo de livro, demonstrado no Capítulo 2. 

1.1.1.2 O papel da HspBP1 em tumores 

A expressão da co-chaperona HspBP1 está elevada em células tumorais 

murinas, semelhante ao que ocorre com a Hsp70 (Raynes, Graner et al., 2003). 

A HspBP1, ao interagir com a Hsp70 citosólica, inibe sua atividade ATPásica e 

de redobramento, alterando a conformação estrutural do domínio ATPásico 

(Raynes e Guerriero, 1998; Mclellan, Raynes et al., 2003).  Esta co-chaperona 

foi primeiramente descrita após triagem em uma biblioteca de cDNA humano, 

buscando proteínas que ligavam-se ao domínio ATPásico da Hsp70. A 

seqüência de aminoácidos derivada do cDNA hibridizado não possuía 

homologia com outras seqüências conhecidas (Raynes e Guerriero, 1998). A 

proteína recombinante produzida com uma cauda de histidinas a partir desta 

nova seqüência de cDNA ligou-se ao domínio ATPásico da Hsp70, sendo o 

complexo destas purificado por afinidade em uma matriz resinosa ativada com 

Ni2+, evidenciando assim a interação entre a HspBP1 e a Hsp70 (Raynes e 

Guerriero, 1998). Entretanto estas duas proteínas aparentemente não possuem 

um mecanismo de regulação de expressão associado (Gottwald, Herschbach 

et al., 2006). Foi determinado em estudos in vitro que para ocorrer 50% de 
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inibição da Hsp70 pela HspBP1 a proporção molar entre estas duas proteínas 

deve ser de 1 para 4, respectivamente (Raynes, Graner et al., 2003).  

Uma vez que a HspBP1 está elevada em tumores murinos semelhante 

ao que ocorre com a Hsp70, decidimos avaliar se esta proteína esta também 

expressa em grandes quantidades em amostras de tumores humanos. Além 

disso, a Hsp70 tem um papel importante na tumorigenese (Jaattela, 1995) e 

muitas vezes sua expressão esta associada com prognóstico dos pacientes 

com câncer (Ciocca, Clark et al., 1993; Thanner, Sutterlin et al., 2003; 

Torronteguy, Frasson et al., 2006), deste modo avaliamos se a expressão de 

HspBP1 também pode estar relacionada com prognóstico dos pacientes. 

Nossos resultados demonstraram que níveis reduzidos de HspBP1 estão 

associados com pior prognóstico dos pacientes com câncer de mama (Artigo 

científico demonstrado no Capítulo 3). Conseqüentemente, baseando-se 

nestes dados levantamos a hipótese níveis elevados HspBP1 pode estar 

relacionados com melhor prognóstico e redução do tumor, conferindo a esta 

proteína uma atividade anti-tumoral. Para testar esta hipótese utilizamos um 

modelo de melanoma murino no qual podemos controlar a expressão de 

HspBP1. Vimos que o crescimento tumoral diminui quando a expressão de 

HspBP1 está elevada. Observamos que este fenômeno pode estar relacionado 

à interação com o sistema imune, uma vez que o efeito da HspBP1 ocorre 

apenas in vivo, e está diminuído em camundongos RAG -/-  (Artigo científico 

demonstrado no capítulo 4). Entretanto, uma terapia anti-tumoral baseada na 
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resposta imune pode ser afetada pelas diferentes propriedades 

imunossupressoras do tumor reduzindo com isso sua eficiência.  

1.1.2 A atividade immunossupressora dos tumores 

O tumor dispõe de diversos mecanismos que podem acarretar na 

supressão da resposta imune anti-tumoral. O processo de tolerização no 

microambiente tumoral é complexo e envolve diferentes tipos celulares e 

fatores secretados por estas células.  O tumor pode secretar proteínas com 

atividade imunossupressoras, tais como: VEGF (Gabrilovich, Chen et al., 

1996), IL-10  (Roncarolo, Levings et al., 2001; Kawamura, Bahar et al., 2002), 

TGF-β (Rodeck, Bossler et al., 1994; Conrad, Ernst et al., 1999), M-CSF 

(Menetrier-Caux, Montmain et al., 1998; Duluc, Delneste et al., 2007) e 

Gangliosideos (Mckallip, Li et al., 1999; Shurin, Shurin et al., 2001). A presença 

destas proteínas pode alterar a maturação das células dendríticas (DCs) 

presentes no local do tumor o que leva a diminuição da resposta anti-tumoral. 

Além disso, DCs com fenótipo imaturo podem recrutar células T regulatórias 

que tem um papel fundamental na supressão das células T efetoras e estão 

presentes em níveis elevados no sangue periférico de pacientes com diferentes 

tipos de tumores (Dhodapkar, Steinman et al., 2001; Ghiringhelli, Puig et al., 

2005). Outras células com atividades imunossupressoras podem estar presente 

no ambiente tumoral, como células mielóides supressoras (MDSC) (Almand, 

Clark et al., 2001). O tumor também é capaz de expressar moléculas que 

podem estar relacionada com a supressão da resposta imune, como IDO 
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(Brody, Costantino et al., 2009), PDL-1 (Blank e Mackensen, 2007), HLAG 

(Tripathi e Agrawal, 2006), Galectin-1 (Liu e Rabinovich, 2005). 

Através destes diferentes mecanismos está bem definido que o tumor é 

capaz de suprimir a resposta específica a antígenos tumorais, e isto foi 

demonstrado tanto para resposta células T CD4+ (Farzad, Mcbride et al., 1997), 

como para células T CD8+ (Palmowski, Salio et al., 2002). Entretanto, existem 

poucos estudos avaliando a resposta imune a antígenos não expressos pelo 

tumor no microambiente tumoral (Radoja, Rao et al., 2000; Tassi, Gavazzi et 

al., 2008). Tivemos a oportunidade de revisar a literatura relacionada com os 

diferentes mecanismos de imunossupressão utilizados pelos tumores e sua 

influência na resposta tumor específica e não tumor específica (Artigo científico 

demonstrado no Capítulo 5). Até o presente momento não existem evidências 

demonstrado que o tumor é capaz de suprir a resposta não relacionada com 

antígenos tumorais.  Além disso, os poucos estudos que testaram esta 

hipótese utilizaram para avaliar a resposta imune re-estimulação in vitro. 

Baseando nestes fatos, resolvemos avaliar a resposta não especifica ao tumor 

dentro do ambiente tumoral, in vivo, sem utilizar nenhum tipo de re-estimulo in 

vitro. (Artigo científico demonstrado no Capítulo 6) 
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1.2  Objetivos 

1.2.1 Objetivo geral 

Avaliar as interações do sistema imune com câncer, focando 

principalmente no papel da HspBP1 em tumores e na imunossupressão 

causada pelo microambiente tumoral. 

1.2.2 Objetivos específicos  

1.2.2.1 Revisar a literatura relacionada com a interação da Hsp70 

e câncer.  

1.2.2.2 Avaliar a expressão de HspBP1 em amostras de tumores 

de pacientes com câncer de mama comparando com tecido normal adjacente 

ao tumor e associar a expressão desta proteína com prognóstico dos pacientes 

com um acompanhamento clinico de 7 anos, 

1.2.2.3 Avaliar o potencial antitumoral da proteína HspBP1 em 

modelo de melanoma murino, avaliar se a superexpressão desta proteína afeta 

o crescimento do tumor e se esta função esta relacionada com a Hsp70 e com 

o sistema imune, 

1.2.2.4 Revisar a literatura relacionada com os mecanismos de 

imunossupressão da resposta antitumoral e também a sua possível influência 

na resposta a antígenos não-tumorais. 
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1.2.2.5 Avaliar a capacidade de melanoma murino de suprimir a 

resposta de células T CD4+ naïve e de memória específicas para um antígeno 

não tumoral. 
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CAPÍTULO 2  

Capítulo de livro –  

“Heat Shock proteins in cancer”: Hsp70 in tumors: Friend or Foe? 

Capitulo de livro publicado em: 

Heat Shock Proteins in Cancer. Boston, CT USA Springer Verlag, 2007, p 

191-208. 

Cristina Bonorino and Ana Paula Souza “Hsp70 in tumors: Friend or Foe” 

Org. Stuart Calderwood, Daniel Ciocca, Michael Sherman. 
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CAPÍTULO 3 

Artigo Científico: 

HspBP1 levels are elevated in breast tumor tissue and inversely related to 

tumor aggressiveness 

Artigo Científico publicado em: 

Cell Stress and Chaperones (2009) 14:301–310 (DOI 10.1007/s12192-008-

0085-6) 

 

HspBP1 levels are elevated in breast tumor tissue and inversely related to 

tumor aggressiveness 

Ana Paula Souza, Caroline Albuquerque, Carolina Torronteguy, Antonio 

Frasson, Fabio Maito, Luciana Pereira, Vinícius Duval da Silva, Felipe Zerwes, 

Deborah Raynes, Vince Guerriero and Cristina Bonorino 
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CAPÍTULO 4 

Artigo Científico: 

HspBP1 overexpression impairs tumor growth in vivo  

 

Artigo Científico a ser submetido para: Molecular Cancer Research 
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ABSTRACT  

The incidence of melanoma is increasing and new and improved therapies are 

urgent. HspBP1 is a co-chaperone of Hsp70 that binds to its N-terminal domain, 

inhibiting its ATPase activity. We have recently demonstrated that HspBP1 

levels are increased in primary breast tumors compared to adjacent normal 

tissue. In breast cancer patients, low levels of this protein in tumor tissue were 

associated with poor prognosis. These results suggested that HspBP1 could 

have a role in the control of tumor growth. In this study, we tested this 

hypothesis in a murine melanoma model (B16F10 cells). Overexpression of 

HpsBP1 by tumor cells impaired tumor growth in vivo. The production of 

HspBP1 and Hsp70 appeared to be coordinately regulated in tumor cells - 

upregulation of Hsp70 expression in vivo correlated with downregulation of 

HspBP1. However, overexpression of HspBP1 in stressed tumor cells did not 

impair survival in vitro. Modulation of both HspBP1 and Hsp70 expression was 

observed both in co-culture with dendritic cells and TNF-α. Finally, inhibition of 

in vivo tumor growth by HspBP1 overexpression was significant in 

immunocompetent, but not in immunodeficient mice. Collectively, our results 

suggest that HspBP1 is a natural regulator of tumor growth, possibly through 

modulation of Hsp70. Nevertheless, they indicate that rather than simply 

modulating Hsp70 mediated mechanisms of cell survival, HspBP1 is related to 

anti-tumor immune responses. We propose that HspBP1 is an important tool for 

melanoma management, and a candidate target for melanoma therapy. 

 



 44

Key words: HspBP1, Hsp70, tumor, melanoma, Rag-/-.  



 45

INTRODUCTION 

 The worldwide incidence of cutaneous malignant melanoma, a highly 

aggressive skin cancer, is increasing (Parkin, Bray et al., 2005; Markovic, 

Erickson et al., 2007). About 20% of patients with primary melanomas of 

intermediate thickness (depth of invasion 1·0–4·0 mm) develop metastases to 

the regional lymph nodes, that being associated with poor prognosis 

(Mcmasters, Wong et al., 2001; Boon, Coulie et al., 2006; Amersi e Morton, 

2007). The standard management for regional nodal disease combines surgery 

and radiotherapy, mainly in patients whose tumors have clinical and 

pathological features associated with high risk of regional nodal recurrence 

(Ballo e Ang, 2004; Berk, 2008; Mendenhall, Amdur et al., 2008). New therapies 

are greatly required, and many current approaches focus on immunotherapy. 

Although melanoma is relatively immunogenic compared with other cancer 

types (Morton e Reiter, 1991), it may remain refractory to immunologic control 

(Pawelec, 2004; Boon, Coulie et al., 2006). High frequencies of circulating 

tumor antigen–specific T cells can be successfully generated in melanoma 

patients through vaccination with peptide (Rosenberg, Yang et al., 1998), 

dendritic cell (DCs) (Banchereau, Palucka et al., 2001), whole tumor cells (De 

Gruijl, Van Den Eertwegh et al., 2008), and viral vector-based vaccines 

(Rosenberg, Zhai et al., 1998). However, these strategies alone have shown 

little efficacy (Fang, Lonsdorf et al., 2008). Such results demonstrate that 

although immune responses against melanoma cells are developed, they are 

still not efficient, suggesting new and improved strategies are necessary. 
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 Stress or heat shock proteins (Hsps), such as Hsp70, play an essential 

role as molecular chaperones by assisting the correct folding of nascent and 

stress-accumulated misfolded proteins. HspBP1 is an Hsp70 co-chaperone that 

has been shown to inhibit Hsp70 ATPAse activity (Raynes e Guerriero, 1998; 

Shomura, Dragovic et al., 2005). HspBP1 binding to Hsp70 results in a change 

in the conformation of the Hsp70 ATPase domain and this is followed by 

inhibition of Hsp70-associated protein folding (Mclellan, Raynes et al., 2003).  

Hsp70 is highly expressed in several different tumors (Ciocca e Calderwood, 

2005; Torronteguy, Frasson et al., 2006) and may have opposite roles in cancer 

depending on where in the cell it is expressed. When present in the cytoplasm, 

it can protect tumor cells from apoptosis, however when expressed in the cell 

surface or secreted, it can modulate the immune response (Schmitt, Gehrmann 

et al., 2007). 

HspBP1 mRNA is expressed in different tissues and cell types, with the 

highest levels in human heart, brain, skeletal muscle, and pancreas (Raynes e 

Guerriero, 1998). HspBP1 levels were shown to be elevated in two mouse 

tumor models, such as lung carcinoma and neuroblastoma (Raynes, Graner et 

al., 2003). We have recently demonstrated that HspBP1 was elevated in human 

breast tumor tissues compared to the normal adjacent breast tissue (Souza, 

Albuquerque et al., 2009). Another important observation was that patients who 

expressed less HspBP1 in primary tumors were the ones with poor outcome 

(Souza, Albuquerque et al., 2009). These results suggested that HspBP1 could 

have a role in tumor control. 
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We investigated this hypothesis in a melanoma murine model (B16F10 

cells). Overexpression of HpsBP1 impaired tumor growth in vivo. The 

production of HspBP1 and Hsp70 was coordinately regulated in tumor cells, in 

vivo and in vitro. However, overexpression of HspBP1 in stressed tumor cells 

did not impair survival after heat shock in vitro. Interestingly, modulation of both 

HspBP1 and Hsp70 expression was observed both in co-culture with dendritic 

cells and TNF-α. Finally, inhibition of in vivo tumor growth by HspBP1 

overexpression was significant in immunocompetent, but not immunodeficient 

mice. Collectively, our results suggest that HspBP1 is a natural regulator of 

tumor growth, possibly through modulation of Hsp70. Also, they indicate that 

immune responses are involved in this process.  

 

MATERIALS AND METHODS 

Mice 

C57Bl/6 (B6) mice were purchased from Fundação Estadual de Produção e 

Pesquisa e Saúde (FEPPS) Porto Alegre, RS, Brazil and Rag-/- mice were 

provided by Marc Jenkins (University of Minnesota, USA). Mice were kept under 

pathogen-free conditions at the PUCRS (FABIO) animal facility with ad libitum 

access to food and water.  Female six–to eight week old mice were used for all 

experiments and these were conducted with the approval of the PUCRS ethics 

committee on animal research. In some experiments mice were treated with 

tetracycline (Sigma) in drinking water at 1mg/ml during 12 days. SCID mice 

were obtained from University of Arizona, USA. 
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Cell lines 

The murine melanoma cell line B16F10 (ATTC CRL-6475) was cultured with 

DMEM media (Cultilab) supplement with 10% of fetal calf serum (FCS) 

(Cultilab), 1X essentials aas (Gibco), 1X vitamins (Gibco) and 55µM of β-

mercaptoethanol at 37ºC with 5% of CO2 atmosphere. The human fibrosarcoma 

cell line HT1080 (ATTC CCL-121) were culture using MEM with 10% of FCS at 

37ºC with 5% of CO2 atmosphere. 

Transfections and silencing  

B16F10 cells were transfected with 1µg plasmid vector pcDNA4/TO (Invitrogen) 

encoding either murine HspBP1 cDNA (as previously described by Raynes, 

1998) or with the empty vector as a mock transfection control using the 

Transfast reagent (Promega). Alternatively, cells were transfected with 1µg of 

plasmid pcDNA6/TR from the TREX expression system (Invitrogen) and 

selected with 10µg/ml Blasticidin (Invitrogen). After selection these cells were 

also transfected with 1µg plasmid vector pcDNA4/TO (Invitrogen) encoding 

human HspBP1 cDNA or with the empty vector as a control, and selected with 

400µg/ml Zeocin (Invitrogen). The in vitro expression of HspBP1 was induced 

adding tetracycline in the media at 1µg/ml. For silencing of Hsp70, si RNA was 

purchased from SantaCruz Biotech (Cat number sc 29352). Cells (5 x 105) were 

incubated with 1 µg Hsp70 siRNA or control siRNA for 4h, and subsequently 

heat shocked at 42ºC for 2h, followed by recovery at 37ºC for 4h. After that, 

cells were stained with Trypan blue and counted in a haemocytometer. HT1080 



 49

cells were also transfected with plasmid pcDNA6/TR pcDNA4/TO encoding 

human HspBP1 cDNA as described above. 

Evaluation of tumor growth in vivo 

Mice were implanted subcutaneously in the thigh with B16F10 or HT1080 

HspBP1 transfectant cells at a concentration of 5X105 or 105 cells, after 

anesthesia with 83 mg/Kg of ketamine and 17 mg/kg of xylazine. Tumor growth 

was evaluated using a digital caliper. Tumors were excised for analysis at 

different time points depend on the experiments procedure.  

Western Blot 

In order to analyze HspBP1 and Hsp70 expression by tumor cells in vitro and in 

vivo, western blots were performed. Total protein from fresh tumor tissue or 

cultured tumor cells was extracted with lysis buffer (10 mM Tris-HCl,pH 7.5; 1 

mM MgCl2; 1 mM ethylenediamine-tetraacetic acid [EDTA]; 0.1 mM 

phenylmethylsulfonyl fluoride [PMSF]; 5 mM βmercaptoethanol; 0.5% 3-[(3-

cholamidopropyl) dimethylammonio]-1-propanesulfonate [CHAPS]; 10% 

glycerol), followed by centrifugation at 13.000rpm for 1h at 4ºC. Protein 

concentrations of the samples were estimated by Bradford assay (Dye Reagent 

Concentrate BIO-RAD). A total of 8 µg of protein lysate of each sample was 

analyzed on 10% SDS-PAGE gels, purified HspBP1 (full length) was included 

for a standard curve. To measure HspBP1 expression the membrane was 

incubated with sheep anti-HspBP1, followed by incubation with the secondary 

antibody (HRP-Rabbit anti-sheep IgG, Zymed, San Francisco) and to measure 



 50

Hsp70 expression the membrane were incubated with anti-Hsp70 (Stressgen) 

after striping, followed by incubation with the secondary antibody (HRP-Rabbit 

anti-mouse IgG Zymed). Actin expression was used as a control, using an anti-

actin antibody (Sigma, St. Louis, MO). For detection, blots were incubated with 

the ECL system (GE Healthcare Bio-Sciences Corp, Piscataway, NJ) for 5 min 

and exposed to x-ray film (Kodak, Rochester, NY) at different time points. 

MTT assay 

To assess the in vitro proliferation/viability of transfected tumor cells, those were 

plated at 4X104 cells per well at 96 well plate. After 24 or 48hs, 100µl of the 

supernatant was discarded and it was added 40µl MTT (3-[4, 5-dimethylthiazol-

2-yl]-2, 5 diphenyltetrazolium bromide) (Sigma) reagent solution at 5mg/ml in 

cell culture and incubated for 4hs. The absorbance was read at 620nm and 

570nm using a microplate reader (Anthos Zenyth 340r). 

Immunohistochemistry  

Fresh tumor tissue was frozen emerge in isopentane using liquid nitrogen, after 

this it was store at -80ºC. The sections were cut in cryostat (Shandon) in 7 µm 

using Tissue Tek (EasyPath). The sections were thaw and fixed with acetone, 

following the blocking Avidin and Biotin (Vector). The sections were than 

stained with anti-Hsp70 biotin (StressGen) or anti-HspBP1. The stained of 

secondary was SA-HRP (Kit TSA Fluorescence Systems (PerkinElmer)) 

followed by CY3 (PerkinElmer) for Hsp70 and anti-sheep IgG FITC (Jackson 

ImmunoResearsh Laboratories) for HspBP1. Nuclei were stained using Hoesch 
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(Invitrogen). The sections were analyzed using a fluorescence microscopic 

(Olympus).    

Dendritic Cell and TNF-α co-culture 

To examine the effects of modulation of dendritic cells on HspBP1 expression in 

B16F10 cells, a co-culture of these two cell types was performed. Murine 

dendritic cells were grown from bone marrow tissue of C57Bl/6 mice in AIM-V 

media (Gibco) with 40ng of GM-CSF and IL-4 (Peprotech, Ribeirao Preto, 

Brazil) in 7% of CO2 at 37ºC as previously described in (Motta, Schmitz et al., 

2007). The cells were cultured for 9 days with media changes every two days.  

B16F10 cells were plated at concentration of 104 cells per well and cultured 

overnight, and the cells were then transfected with the plasmid encoding 

HspBP1 or with the vector and incubated for 3h. After this the bone marrow 

dendritic cells (BMDCs) were added to the culture at a concentration of 3X105 

cells per well and this co-culture was incubated for 24hs or 48hs in 5% of CO2 

at 37ºC in DMEM media. Alternatively, B16F10 cells were plated at 104 cells per 

well and TNF-α (R&B system) was added 12h later at a concentration of 1 or 2 

ηg/ml for 48hs, the cells then being collected for analysis.  
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RESULTS 

Induction of HspBP1 dramatically impairs tumor growth in vivo 

 Low levels of HspBP1 were related to poor prognosis in breast cancer, 

suggesting that expression of this protein could be related to tumor growth. We 

asked if tumor progression could be affected by overexpression of HspBP1 in a 

melanoma model. We developed a system in which HspBP1 expression was 

regulated by the presence of tetracycline. B16F10 cells were stably transfected 

with plasmid pcDNA6/TR, following by transfection with a plasmid encoding 

human HspBP1, or empty vector as a control. The cell lines thus obtained were 

named B16huBP1 and B16ve, respectively. Increase in HspBP1 expression 

was verified by adding tetracycline to the culture media (Figure 1A). The 

transfected cells were injected subcutaneously in mice, one group of mice 

receiving tetracycline in the drinking water (BP1 induced) and the other not 

(BP1 not induced). Tumor growth was clearly impaired in the group of mice with 

induced overexpression of HspBP1 (Figure 1B). The mean tumor volume with 

HspBP1 overexpression was 2.07 mm3 while the mean volume for mock 

induced tumors was 46.9 mm3, a significant difference (1C). This result 

indicated that this protein could have a role in tumor progression.  
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Figure 1: Human HspBP1 Overexpression Inhibits Tumor Growth /In Vivo. 

A. Western blot analysis of B16F10 cells stably transfected with plasmids 

pcDNA6/TR and pcDNA4/TO with or without the human HspBP1 

sequence.Tetracycline (1ug/ml) was added to the media to induce HspBP1 

expression for 24h. B. Photograph of control and over expressing HspBP1 

tumors after have been removed. B16F10 cells stably transfected with 

pcDNA6/TR and plasmid pcDNA4/TO with human HspBP1 cDNA were induced 

in vivo with (BP1 induced) or without (BP1 not induced) tetracycline for 24hrs. 

Cells (5X105) were injected subcutaneously in mice. Mice received drinking 

water with (1 mg/ml) or without tetracycline for 12 days before analysis of the 

tumors. C. Quantification of tumor growth inhibition by HspBP1 (Mann-Whitney, 

p < 0.05). Tumor volume (V) was calculate using V=d2 xDx0.5, where d=minor 

diameter and D=major diameter. 
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However, the dramatic impairment observed by overexpression of 

HspBP1 could be due to an immune response mounted by the mice against the 

human protein encoded by the sequence used in that experiment, since identity 

of human and murine HspBP1 is 87.37%. To answer that question, we cloned 

the murine sequence in the pcDNA4/TO expression vector, and transfected 

B16F10 as described earlier (Figure 2A). The transfected cells were cultured for 

24 or 48hs and the proliferation/viability measured by an MTT assay. 

Interestingly, in vitro viability of the cells overexpressing HspBP1 did not show 

any impairment compared to cells which were not over-expressing this protein 

(Figure 2B). The same phenomenon had previously been observed for HT1080 

cell and B16F10 transfected with the plasmid encoding the human HspBP1 

sequence– not shown. This indicated that high levels of HspBP1 did not affect 

tumor growth in vitro, and suggested that the effect HspBP1 exerted over tumor 

growth was not directly related to cell proliferation.  
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Figure 2
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Figure 2: Tumor growth of murine HspBP1 over-expressing B16F10 cells 

in vitro and in vivo. A- Western blot analysis of expression of HspBP1 in 

B16F10 transiently transfected with plasmid vector encoding murine HspBP1 

sequence (B16 BP1) or plasmid vector (B16 vector). B- MTT assay of transienly 

transfected cells showing the correspondent optical density (OD) for the 

proliferation/viability of the cells in 24hs and 48hs of culture. C- Tumor volume 

(mm3) of B16 BP1 and B16 vector was measured after 25 days of tumor growth 

in vivo (Mann-Whitney p < 0.05).  

 Nevertheless, when the B16F10 cells transfected with the murine 

HspBP1 sequence (B16moBP1) were injected subcutaneously in C57Bl/6 mice, 

tumor growth was again greatly impaired. Growth of B16moBP1 cells (mean 

tumor volume 0.13 mm3) was reduced by approximately 150-fold compared to 

B16ve cells (mean tumor volume 20.18 mm3) (Figure 2C), in agreement with 

our previous results with B16huBP1 cells. These results suggested that 
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overexpression of HspBP1 can impair melanoma growth in vivo, and that this 

effect was not caused by an immune response to epitopes in the human 

HspBP1 or related with the transfection method, since with B16huBP1 we used 

an stably transfection using tetracycline to induce expression and with 

B16muBP1 we used an transient transfection system.  

HspBP1 and Hsp70 expression is inversely regulated in murine melanoma 

in vitro and in vivo  

 HspBP1 was first described as a co-chaperone of Hsp70, inhibiting its 

ATPase activity, thus we hypothesized that the mechanism through which 

HspBP1 impaired tumor growth in vivo was associated with its interaction with 

Hsp70. To investigate this hypothesis, HspBP1 and Hsp70 expression in wild 

type B16F10 cells was analyzed by western blot in vitro as well as in vivo after 

3, 9, 15 and 20 days of tumor growth after subcutaneous injection. Interestingly, 

HspBP1 expression was found to be inversely correlated with Hsp70 expression 

in this system. On the one hand, HspBP1 levels were high in B16F10 cells in 

vitro, however in vivo they were considerably decreased as early as three days 

after injection, as shown in Figure 3A. On the other hand, Hsp70 expression 

presents almost exactly opposite dynamics. In vitro, Hsp70 expression by 

B16F10 cells was very low, sometimes undetectable, but as soon as the cells 

were injected in vivo the levels of Hsp70 expression were greatly upregulated 

(Figure 3A).  This suggested the existence of a coordinate expression 

mechanism for these two proteins. 
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Figure 3: HspBP1 and Hsp70 expression in B16F10 melanoma in vitro and 

in vivo. A- Western blot analysis of expression of HspBP1 and Hsp70 in 

B16F10 in vitro and at different stages of tumor growth in vivo. B16F10 cells 

were injected at concentration of 5X105 cells subcutaneously and at different 

time points (3, 9, 15 and 20 days) the mice were killed, the tumor was excised 

for analysis. B- Imunohistochemistry of 20 day- tumor sections. Staining of 

HspBP1 and Hsp70. Blue, Hoescht, green, Hsp70, red, HspBP1. 

 

Because the expression of HspBP1 had a slight upregulation in 20-day 

tumors, we analyzed the expression of these two proteins by 

immunofluorescence. The results, shown in Figure 3B, indicate that while most 

tumor cells expressed Hsp70, only a few, possibly the expansion of a clone, 

were making HspBP1. Expression of HspBP1 and Hsp70 showed some co-
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localization in the cells that did express HspBP1, as can be seen in Figure 3B in 

the merge picture.  

Such results suggested that, in order for B16F10 melanoma cells to grow in 

vitro, HSP70 is not required. However, when these tumor cells are injected in a 

mouse, they have to face a series of stresses, such as shortage of nutrients and 

oxygen, as well as the immune responses that the mouse will develop against 

them. In this situation, Hsp70 is essential for tumor survival, thus expression of 

HspBP1 would have to be shut down. HspBP1 in vivo would probably associate 

with Hsp70, decreasing the survival potential of the tumor cells. 

Overexpression of HspBP1 in stressed cells does not impair viability 

To test this hypothesis, we analyzed the effect of overexpression of HspBP1 in 

stressed tumor cells. B16muBP1 cells were heat shocked for 2h at 40oC, and 

subsequently left to recover at 37oC for 6h. Some of the cells had been plated 

on coverslips, and immediately after recovery the coverslips were retrieved, 

fixed in acetone and analyzed by immunofluorescence for expression of Hsp70 

and HspBP1. The rest of the treated cells remained in culture for 12h and were 

then assayed for survival using a MTT assay. The heat shocked B16muBP1 

cells showed almost complete co-localization of Hsp70 and HspBP1 (Figure 

4A). Interestingly, survival after heat shock was not affected by HspBP1 

overexpression (Figure 4B). In a different assay, we heat shocked B16F10 cells 

that had Hsp70 expression silenced by siRNA (Figure 4C), and counted the 

living cells by Trypan blue exclusion in a haemocytometer. As expected, 

inhibition of Hsp70 production in heat shocked cells resulted in massive cell 



 59

death (Figure 4D). Taken together, these results indicated that the binding and 

inhibition of Hsp70 by HspBP1, and inhibiton of synthesis of Hsp70 by siRNA 

had different effect on cells under stress. 

hoescth HspBP1 Hsp70 Merge
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Figure 4: Inhibition of Hsp70 by HspBP1 not impairs survival of stressed 

cells. A- Staining for HspBP1 and Hsp70 expression in heat shocked B16F10 

over-expressing murine HspBP1. Blue, Hoescht, green, HspBP1, red, Hsp70. 

B. MTT assay of B16F10 cells transiently transfected with plasmid encoding 

murine HspBP1 after heat shock showing the correspondent optical density 

(OD) for the proliferation/viability. C. Western blot analysis of silencing Hsp70 

with siRNA in heat shocked B16F10 cells, 1 and 3, untreated cells, 2 and 4, 

treated cells. For 70 kDa- Hsp70 expression in the samples; 42 kDa- actin 

expression. D. Number of the viable B16F10 cells determined by trypan staining 

in vitro after Hsp70 silencing, with or without heat shock.  
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Impairment of tumor growth by HspBP1 is associated with the immune 

response 

The expression of Hsp70 by tumors has been extensively demonstrated to 

confer multiple advantages for survival. Intracellular Hsp70 when can bind to 

different pro-apoptotic factors, inhibiting both intrinsic (Mosser, Caron et al., 

2000; Stankiewicz, Lachapelle et al., 2005) and extrinsic (Jaattela, Wissing et 

al., 1992; Park, Lee et al., 2001; Clemons, Buzzard et al., 2005; Didelot, Schmitt 

et al., 2006) apoptotic pathways. In addition, there is evidence that Hsp70 can 

influence immune responses. Some studies have also indicate a stimulatory 

effect of Hsp70 over immune responses, Hsp70 is outside the cells or in the 

membrane could stimulate the immune system carrying peptides to 

presentation routes (Arnold-Schild, Hanau et al., 1999; Binder, Vatner et al., 

2004) or activating NK cells (Gross, Koelch et al., 2003; Gross, Schmidt-Wolf et 

al., 2003). Conversely, others suggest that this protein might have an inhibitory 

effect over different immune cells (Van Roon, Van Eden et al., 1997; De Kleer, 

Kamphuis et al., 2003; Van Eden, Van Der Zee et al., 2005; Wieten, Broere et 

al., 2007). 

To investigate if HspBP1 inhibition of tumor growth was related to 

immune modulation, we performed in vitro and in vivo experiments. We 

reasoned that probably one of the first immune responses faced in vivo by 

tumor cells was the encounter with macrophages or dendritic cells, and/or the 

production of TNF-α by these and other immune cells. In order to test that idea, 

we co-cultured B16F10 cells with bone marrow-derived DC (BMDC). 
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Alternatively, we incubated B16F10 cells with different concentrations of TNF-α. 

The results shown in Figure 5 A and B indicate that these stimuli had only a 

slight effect in the expression of HspBP1 (decreasing it approximately 2-fold) or 

Hsp70 (in which a slight upregulation was observed). That suggested that some 

modulation of the expression of these two proteins could be performed by these 

elements of the innate response.  

Because we had previously observed that over-expression of HspBP1 

impair tumor growth in wild type C57Bl/6 mice, we hypothesized that this could 

be related to in vivo modulation of the adaptive immune response by either 

HspBP1 itself or its effect over Hsp70. We tested this hypothesis in two 

independent experiments. First, we injected B16muBP1 cells in RAG-/- mice or 

control wild type mice, and followed tumor growth for 25 days. The tumors 

never grew in the immunocompetent mice during this time, however clearly we 

could observe tumor growth in the immunodeficient RAG -/- mice (Figure 5C). In 

the second experiment, we injected HT1080 stably transfected with the plasmid 

overexpressing HspBP1 under tetracycline control into SCID mice, with one 

group receiving the antibiotic in the water and the other not. Clearly, in the SCID 

mice, overexpression of HspBP1 by the tumor does not affect its growth in vivo 

(Figure 5D). Collectively, these results suggested that the modulation of tumor 

growth by overexpression of HspBP1 was connected to the presence of an 

intact adaptive immune 
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Figure 5: HspBP1 expression in B16F10 in vitro after culture with BMDCs 

or TNF-α and Tumor growth of HspBP1 over-expressing B16F10 cells in 

vivo in immunocompromise mice. A- Western blot analysis of HspBP1 

expression after co-culture bone marrow dendritic cells. B- HspBP1 and Hsp70 

expression of B16F10 after culture with TNF-α for 48hs. C- Tumor volume 

(mm3) of B16 BP1 and B16 vector after 25 days of tumor growth in C57 and 

Rag¨/¨ mice (Mann-Whitney p < 0.05). D. Tumor volume (mm3) of HspBP1 

induced or not in HT1080 cells injected into SCID mice after 25 days of tumor 

growth. 

 

DISCUSSION 
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The results of this study suggest that in order to grow in vivo, tumors 

must downregulate the expression of HspBP1. Also, they must upregulate 

expression of Hsp70. Finally, they indicate that this is related to modulation of 

the adaptive immune response. Therefore, we propose that HspBP1 could be a 

new therapy target in melanoma. 

We suggest that the mechanism related to the role of HspBP1 in tumor 

growth impairment it is probably associated with its interaction with Hsp70, 

given that HspBP1 and Hsp70 expression are inversely regulated in this tumor 

model in vitro and in vivo, and that they appear to co-localize when expressed 

in the same cell. Tumor growth in vivo is certainly a complex and dynamic 

process, and probably the cells that express more Hsp70 and less HspBP1 will 

be selected for survival. These results agree with our previous observation that 

low levels of HspBP1 were associated to poor prognosis in breast cancer 

patients (Souza, Albuquerque et al., 2009), confirming that HspBP1 could have 

a role in tumor progression. Many studies have demonstrated that Hsp70 

increased the tumorigenic potential of cancer cells, due to its pleiotropic 

activities as a chaperone (Jaattela, 1995; Calderwood, Khaleque et al., 2006) 

as well as its anti-apoptotic properties (Gurbuxani, Bruey et al., 2001; Zhu, Xu 

et al., 2009). Also, other studies suggested that inhibitition of Hsp70 is by siRNA 

in tumor cells impaired  tumor growth (Xiang, Li et al., 2008). In addition, 

inhibition of HSF1, the transcriptional factor for Hsp70, in tumor cells could be 

an anticancer therapy (Whitesell e Lindquist, 2009), agreeing with our 

observation that higher levels of Hsp70 are important for tumor growth.  
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Previous studies demonstrated that the expression of HspBP1 was not 

intrinsically linked to Hsp70 expression in cell lines (Gottwald, Herschbach et 

al., 2006). Stimuli that usually modulated Hsp70 expression, such as heat shock 

and induction of apoptosis did not interfere in HspBP1 expression, and the over-

expression of HspBP1 per se did not increase or decrease the expression of 

Hsp70 (Gottwald, Herschbach et al., 2006). However, it was recently 

demonstrated that A431 human squamous carcinoma cells accumulated Hsp72 

and HspBP1 in chromogranin A- positive granules following heat stress, or in 

the presence of an inhibitor of phospholipase C (Evdonin, Kinev et al., 2009). 

Yet, it still remains to be evaluated what is the transcriptional factor that 

regulates the expression of HspBP1 and its association with Hsp70 

transcription. We showed here that dendritic cells (DC) could be involved in the 

regulation of the expression of HspBP1 in melanoma tumor in vivo, since when 

we cultured bone marrow DC bearing a mature phenotype with melanoma cells 

in vitro we observed a little alteration on expression of HspBP1. DC have a 

pivotal role in immune responses, are the most potent antigen-presenting cells, 

they are distribution in peripheral tissue and upon activation they migrate into 

secondary lymphoid organs, where they are capable of inducing primary T-cell 

responses or tolerance (Banchereau, Briere et al., 2000; Banchereau, Palucka 

et al., 2001). These cells are one of the first ones to be in contact with the 

antigen and then produced a lot of different cytokines, including TNF-α. We also 

demonstrated that TNF-α could be related with this regulation of expression of 

HspBP1 and Hsp70, even though just a slight alteration of these protein 

expression occurred in B16F10 in vitro after the addition of this cytokine.  TNF-α 
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is immune cytokine involved in primary inflammatory response (Balkwill, 2009) 

and is a major mediator of cancer-related inflammation (Sethi, Sung et al., 

2008; Balkwill, 2009); participating of the angiogenic process  (Li, Vincent et al., 

2009) and induced directed DNA damage (Yan, Wang et al., 2006). 

Furthermore, TNF-α is related to tumor-promoting by activation of NFK-β 

signaling (Greten e Karin, 2004; Lee, Kuo et al., 2007). This is related to tumor 

aggressiveness given that HspBP1 was decreased in presence, similar to what 

happened in vivo.   

It was recently observed that over expression of HspBP1, by 

antagonizing the pro-survival activity of Hsp70 sensitizes tumor cells to 

cathepsin-mediated cell death (Tanimura, Hirano et al., 2007). Here we showed 

that over-expression of HspBP1 does not alter the survival rate of cells after 

heat shock (a common apoptotic stimulus) suggesting that in our model 

HspBP1 is not facilitating apoptosis by inhibiting Hsp70. Nevertheless, we 

demonstrated that the mechanism by which high levels HspBP1 impaired 

melanoma growth is related with the adaptative immune responses since this 

inhibition was not observed in immune-compromised mice or in vitro. We 

believe that the inhibition of Hsp70 by HspBP1 allows the tumor to become 

more immunogenic. It is well established that the adaptative immune response 

can play an important role in tumor control (Koebel, Vermi et al., 2007). On the 

one hand, expression of Hsp70 in tumor cells has been proposed to enhance 

their immunogenicity. However, on the other hand, Hsp70 has also been 

demonstrated to prevent tumor cell death, a key process for the development of 
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tumor cell immunogenicity. Previous studies showed that when Hsp70 is 

silenced, tumor immunogenicity is increased: subcutaneous injection of cells 

with silenced Hsp70 induced tumors that rapidly regressed in syngeneic rats 

while they grew normally in nude mice (Gurbuxani, Bruey et al., 2001). This 

study also demonstrated that tumor cells in which Hsp70 was silenced were 

more sensitive to NO-mediated, caspase-dependent, machophage cytotoxicity 

in vivo (Gurbuxani, Bruey et al., 2001). Our results agreed with that study, since 

when we over-expressed HspBP1, the tumor did not grow in immunocompetent 

mice, but grew in immunodeficient mice.  

We did not evaluate alterations in tumor specific immune responses to 

melanoma antigens in our tumor model when HspBP1 was over-expressed. An 

interesting point to consider is if HspBP1 can act as a tumor antigen. We cannot 

establish that an anti-HspBP1 immune response is present in this system. 

However, in our previously study with HspBP1 in breast cancer patients we did 

not found any alterations in the present of anti-HspBP1 antibodies in the serum 

of the patients comparing to healthy individuals (Souza, Albuquerque et al., 

2009). It is remains to be determined if the presence of anti-HspBP1 specific 

immune response is related to tumor regression. In conclusion, we believe, 

based on the information provided by this study, that as well as TNF-α and DC, 

other components of the immune system provide selective pressures over 

tumor growth. The decrease in HspBP1 expression, and the concomitant 

increase inHsp70 expression could provide an escape mechanism for the tumor 

cells. When we over expressing HspBP1, artificially, we altered this scenario 
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and consequently impaired tumor growth. This possibly occurred because 

Hsp70 is suppressed by HspBP1, dampening the survival advantage of Hsp70 

expressing-tumor cells, allowing that adaptative immune response to act and 

consequently reducing tumor growth. We are currently investigating this 

possibility. 



 68

 

 

References 
 
Amersi, F. e D. L. Morton. The role of sentinel lymph node biopsy in the management 

of melanoma. Adv Surg, v.41, p.241-56. 2007. 

 

Arnold-Schild, D., D. Hanau, et al. Cutting edge: receptor-mediated endocytosis of heat 

shock proteins by professional antigen-presenting cells. J Immunol, v.162, n.7, Apr 1, 

p.3757-60. 1999. 

 

Balkwill, F. Tumour necrosis factor and cancer. Nat Rev Cancer, v.9, n.5, May, p.361-71. 

2009. 

 

Ballo, M. T. e K. K. Ang. Radiotherapy for cutaneous malignant melanoma: rationale 

and indications. Oncology (Williston Park), v.18, n.1, Jan, p.99-107; discussion 107-10, 

113-4. 2004. 

 

Banchereau, J., F. Briere, et al. Immunobiology of dendritic cells. Annu Rev Immunol, 

v.18, p.767-811. 2000. 

 

Banchereau, J., A. K. Palucka, et al. Immune and clinical responses in patients with 

metastatic melanoma to CD34(+) progenitor-derived dendritic cell vaccine. Cancer Res, 

v.61, n.17, Sep 1, p.6451-8. 2001. 

 

Berk, L. B. Radiation therapy as primary and adjuvant treatment for local and regional 

melanoma. Cancer Control, v.15, n.3, Jul, p.233-8. 2008. 

 

Binder, R. J., R. Vatner, et al. The heat-shock protein receptors: some answers and 

more questions. Tissue Antigens, v.64, n.4, Oct, p.442-51. 2004. 

 

Boon, T., P. G. Coulie, et al. Human T cell responses against melanoma. Annu Rev 

Immunol, v.24, p.175-208. 2006. 

 

Calderwood, S. K., M. A. Khaleque, et al. Heat shock proteins in cancer: chaperones of 

tumorigenesis. Trends Biochem Sci, v.31, n.3, Mar, p.164-72. 2006. 

 

Ciocca, D. R. e S. K. Calderwood. Heat shock proteins in cancer: diagnostic, prognostic, 

predictive, and treatment implications. Cell Stress Chaperones, v.10, n.2, Summer, 

p.86-103. 2005. 

 

Clemons, N. J., K. Buzzard, et al. Hsp72 inhibits Fas-mediated apoptosis upstream of 

the mitochondria in type II cells. J Biol Chem, v.280, n.10, Mar 11, p.9005-12. 2005. 



 69

 

De Gruijl, T. D., A. J. Van Den Eertwegh, et al. Whole-cell cancer vaccination: from 

autologous to allogeneic tumor- and dendritic cell-based vaccines. Cancer Immunol 

Immunother, v.57, n.10, Oct, p.1569-77. 2008. 

 

De Kleer, I. M., S. M. Kamphuis, et al. The spontaneous remission of juvenile idiopathic 

arthritis is characterized by CD30+ T cells directed to human heat-shock protein 60 

capable of producing the regulatory cytokine interleukin-10. Arthritis Rheum, v.48, n.7, 

Jul, p.2001-10. 2003. 

 

Didelot, C., E. Schmitt, et al. Heat shock proteins: endogenous modulators of apoptotic 

cell death. Handb Exp Pharmacol, n.172, p.171-98. 2006. 

 

Evdonin, A., A. Kinev, et al. Extracellular HspBP1 and Hsp72 synergistically activate 

epidermal growth factor receptor. Biol Cell, v.101, n.6, Jun, p.351-60. 2009. 

 

Fang, L., A. S. Lonsdorf, et al. Immunotherapy for advanced melanoma. J Invest 

Dermatol, v.128, n.11, Nov, p.2596-605. 2008. 

 

Gottwald, E., M. Herschbach, et al. Expression of the cochaperone HspBP1 is not 

coordinately regulated with Hsp70 expression. Cell Biol Int, v.30, n.6, Jun, p.553-8. 

2006. 

 

Graner, M. W., D. A. Raynes, et al. Heat shock protein 70-binding protein 1 is highly 

expressed in high-grade gliomas, interacts with multiple heat shock protein 70 family 

members, and specifically binds brain tumor cell surfaces. Cancer Sci, Jul 1. 2009. 

 

Greten, F. R. e M. Karin. The IKK/NF-kappaB activation pathway-a target for prevention 

and treatment of cancer. Cancer Lett, v.206, n.2, Apr 8, p.193-9. 2004. 

 

Gross, C., W. Koelch, et al. Cell surface-bound heat shock protein 70 (Hsp70) mediates 

perforin-independent apoptosis by specific binding and uptake of granzyme B. J Biol 

Chem, v.278, n.42, Oct 17, p.41173-81. 2003. 

 

Gross, C., I. G. Schmidt-Wolf, et al. Heat shock protein 70-reactivity is associated with 

increased cell surface density of CD94/CD56 on primary natural killer cells. Cell Stress 

Chaperones, v.8, n.4, Winter, p.348-60. 2003. 

 

Gurbuxani, S., J. M. Bruey, et al. Selective depletion of inducible HSP70 enhances 

immunogenicity of rat colon cancer cells. Oncogene, v.20, n.51, Nov 8, p.7478-85. 

2001. 

 

Jaattela, M. Over-expression of hsp70 confers tumorigenicity to mouse fibrosarcoma 

cells. Int J Cancer, v.60, n.5, Mar 3, p.689-93. 1995. 



 70

 

Jaattela, M., D. Wissing, et al. Major heat shock protein hsp70 protects tumor cells 

from tumor necrosis factor cytotoxicity. Embo J, v.11, n.10, Oct, p.3507-12. 1992. 

 

Koebel, C. M., W. Vermi, et al. Adaptive immunity maintains occult cancer in an 

equilibrium state. Nature, v.450, n.7171, Dec 6, p.903-7. 2007. 

 

Lee, D. F., H. P. Kuo, et al. IKK beta suppression of TSC1 links inflammation and tumor 

angiogenesis via the mTOR pathway. Cell, v.130, n.3, Aug 10, p.440-55. 2007. 

 

Li, B., A. Vincent, et al. Low levels of tumor necrosis factor alpha increase tumor 

growth by inducing an endothelial phenotype of monocytes recruited to the tumor 

site. Cancer Res, v.69, n.1, Jan 1, p.338-48. 2009. 

 

Markovic, S. N., L. A. Erickson, et al. Malignant melanoma in the 21st century, part 1: 

epidemiology, risk factors, screening, prevention, and diagnosis. Mayo Clin Proc, v.82, 

n.3, Mar, p.364-80. 2007. 

 

Mclellan, C. A., D. A. Raynes, et al. HspBP1, an Hsp70 cochaperone, has two structural 

domains and is capable of altering the conformation of the Hsp70 ATPase domain. J 

Biol Chem, v.278, n.21, May 23, p.19017-22. 2003. 

 

Mcmasters, K. M., S. L. Wong, et al. Factors that predict the presence of sentinel lymph 

node metastasis in patients with melanoma. Surgery, v.130, n.2, Aug, p.151-6. 2001. 

 

Mendenhall, W. M., R. J. Amdur, et al. Adjuvant radiotherapy for cutaneous 

melanoma. Cancer, v.112, n.6, Mar 15, p.1189-96. 2008. 

 

Morton, D. J. e R. J. Reiter. Involvement of calcium in pineal gland function. Proc Soc 

Exp Biol Med, v.197, n.4, Sep, p.378-83. 1991. 

 

Mosser, D. D., A. W. Caron, et al. The chaperone function of hsp70 is required for 

protection against stress-induced apoptosis. Mol Cell Biol, v.20, n.19, Oct, p.7146-59. 

2000. 

 

Motta, A., C. Schmitz, et al. Mycobacterium tuberculosis heat-shock protein 70 impairs 

maturation of dendritic cells from bone marrow precursors, induces interleukin-10 

production and inhibits T-cell proliferation in vitro. Immunology, v.121, n.4, Aug, 

p.462-72. 2007. 

 

Nyirenda, M. H., K. O'brien, et al. Modulation of regulatory T cells in health and 

disease: role of toll-like receptors. Inflamm Allergy Drug Targets, v.8, n.2, Jun, p.124-9. 

2009. 

 



 71

Park, H. S., J. S. Lee, et al. Hsp72 functions as a natural inhibitory protein of c-Jun N-

terminal kinase. Embo J, v.20, n.3, Feb 1, p.446-56. 2001. 

 

Parkin, D. M., F. Bray, et al. Global cancer statistics, 2002. CA Cancer J Clin, v.55, n.2, 

Mar-Apr, p.74-108. 2005. 

 

Pawelec, G. Tumour escape: antitumour effectors too much of a good thing? Cancer 

Immunol Immunother, v.53, n.3, Mar, p.262-74. 2004. 

 

Pockley, A. G. e G. Multhoff. Cell stress proteins in extracellular fluids: friend or foe? 

Novartis Found Symp, v.291, p.86-95; discussion 96-100, 137-40. 2008. 

 

Pockley, A. G., M. Muthana, et al. The dual immunoregulatory roles of stress proteins. 

Trends Biochem Sci, v.33, n.2, Feb, p.71-9. 2008. 

 

Raynes, D. A., M. W. Graner, et al. Increased expression of the Hsp70 cochaperone 

HspBP1 in tumors. Tumour Biol, v.24, n.6, Nov-Dec, p.281-5. 2003. 

 

Raynes, D. A. e V. Guerriero, Jr. Inhibition of Hsp70 ATPase activity and protein 

renaturation by a novel Hsp70-binding protein. J Biol Chem, v.273, n.49, Dec 4, 

p.32883-8. 1998. 

 

Rosenberg, S. A., J. C. Yang, et al. Immunologic and therapeutic evaluation of a 

synthetic peptide vaccine for the treatment of patients with metastatic melanoma. Nat 

Med, v.4, n.3, Mar, p.321-7. 1998. 

 

Rosenberg, S. A., Y. Zhai, et al. Immunizing patients with metastatic melanoma using 

recombinant adenoviruses encoding MART-1 or gp100 melanoma antigens. J Natl 

Cancer Inst, v.90, n.24, Dec 16, p.1894-900. 1998. 

 

Schmitt, E., M. Gehrmann, et al. Intracellular and extracellular functions of heat shock 

proteins: repercussions in cancer therapy. J Leukoc Biol, v.81, n.1, Jan, p.15-27. 2007. 

 

Sethi, G., B. Sung, et al. TNF: a master switch for inflammation to cancer. Front Biosci, 

v.13, p.5094-107. 2008. 

 

Shomura, Y., Z. Dragovic, et al. Regulation of Hsp70 function by HspBP1: structural 

analysis reveals an alternate mechanism for Hsp70 nucleotide exchange. Mol Cell, v.17, 

n.3, Feb 4, p.367-79. 2005. 

 

Souza, A. P., C. Albuquerque, et al. HspBP1 levels are elevated in breast tumor tissue 

and inversely related to tumor aggressiveness. Cell Stress Chaperones, v.14, n.3, May, 

p.301-10. 2009. 

 



 72

Stankiewicz, A. R., G. Lachapelle, et al. Hsp70 inhibits heat-induced apoptosis upstream 

of mitochondria by preventing Bax translocation. J Biol Chem, v.280, n.46, Nov 18, 

p.38729-39. 2005. 

 

Tanimura, S., A. I. Hirano, et al. Anticancer drugs up-regulate HspBP1 and thereby 

antagonize the prosurvival function of Hsp70 in tumor cells. J Biol Chem, v.282, n.49, 

Dec 7, p.35430-9. 2007. 

 

Torronteguy, C., A. Frasson, et al. Inducible heat shock protein 70 expression as a 

potential predictive marker of metastasis in breast tumors. Cell Stress Chaperones, 

v.11, n.1, Spring, p.34-43. 2006. 

 

Van Eden, W., R. Van Der Zee, et al. Heat-shock proteins induce T-cell regulation of 

chronic inflammation. Nat Rev Immunol, v.5, n.4, Apr, p.318-30. 2005. 

 

Van Roon, J. A., W. Van Eden, et al. Stimulation of suppressive T cell responses by 

human but not bacterial 60-kD heat-shock protein in synovial fluid of patients with 

rheumatoid arthritis. J Clin Invest, v.100, n.2, Jul 15, p.459-63. 1997. 

 

Whitesell, L. e S. Lindquist. Inhibiting the transcription factor HSF1 as an anticancer 

strategy. Expert Opin Ther Targets, v.13, n.4, Apr, p.469-78. 2009. 

 

Wieten, L., F. Broere, et al. Cell stress induced HSP are targets of regulatory T cells: a 

role for HSP inducing compounds as anti-inflammatory immuno-modulators? FEBS 

Lett, v.581, n.19, Jul 31, p.3716-22. 2007. 

 

Xiang, T. X., Y. Li, et al. RNA interference-mediated silencing of the Hsp70 gene inhibits 

human gastric cancer cell growth and induces apoptosis in vitro and in vivo. Tumori, 

v.94, n.4, Jul-Aug, p.539-50. 2008. 

 

Yan, B., H. Wang, et al. Tumor necrosis factor-alpha is a potent endogenous mutagen 

that promotes cellular transformation. Cancer Res, v.66, n.24, Dec 15, p.11565-70. 

2006. 

 

Zhu, Q., Y. M. Xu, et al. Heat shock protein 70 silencing enhances apoptosis inducing 

factor-mediated cell death in hepatocellular carcinoma HepG2 cells. Cancer Biol Ther, 

v.8, n.9, May, p.792-8. 2009. 

 

 
 
 
 
 
 
 
 



 73

CAPÍTULO 5 

Artigo Científico (revisão) 

Tumor immunosuppressive environment: effects on tumor –specific and 

non-tumor antigen immune responses  

Artigo científico aceito para publicacão: 

Expert Reviews Anticancertherapy 

 

 

 

 

 

 

 

 

 

 

 



 74

 

 

 



 75

 

 

 



 76

 

 

 



 77

 

 

 

 



 78

 

 

 



 79

 

 

 

 



 80

 

 

 



 81

 

 

 

 



 82

 

 

 



 83

 

 

 

 



 84

 

 

 



 85

 

 

 

 



 86

 

 

 



 87

 

 

 

 



 88

 

 



 89

 

 

 

 



 90

 

 

CAPÍTULO 6 

Artigo Científico: 

Priming and differentiation of CD4+ T cells against a non-tumor antigen in 

melanoma bearing mice 

 

 



 91

 

PRIMING AND DIFFERENTIATION OF CD4+ T CELLS AGAINST A NON-

TUMOR ANTIGEN IN MELANOMA BEARING MICE 

Ana Paula Duarte de Souza, Thiago Borges, Micheli Pillat and Cristina 

Bonorino*. 

Departamento de Biologia Celular e Molecular (FABIO) and Instituto de 

Pesquisas Biomédicas, PUCRS 

Tel +55 51 33203545 

Av. Ipiranga, 6690 2o andar, 90610-000 

Porto Alegre, RS, Brazil 

* To whom correspondence should be addressed: e-mail: 

cbonorino@pucrs.com.br 

 

 

 

 

 

 

 

 

 



 92

 

ABSTRACT 

The tumor microenvironment is complex and creates an immunosuppressive 

network in order to tolerize tumor-specific immune responses, however little 

information is available on what happens to the response against non-tumor 

antigens in tumor bearing individuals. The goal of the present study was to 

evaluate if tumor burden could influence a CD4+ T cell response against a 

soluble protein, not expressed by the tumor, specifically regarding priming and 

memory recall responses in the absence of in vitro stimulation. Mice bearing 

B16F10 melanoma tumors for 7 days received an adoptive transfer of 

transgenic TEa T cells and 24 hours later were injected with soluble EaRFP 

antigen in a site next to the tumor. Priming of the TEa cells was not affected by 

tumor presence based on the total number of cells recovered and proliferation 

assessed by CFSE dilution. To investigate if tumor burden could influence recall 

responses of already differentiated effector cells, we immunized mice with 

EaRFP antigen and a after a few days injected the tumor cells, later challenging 

the mice with the non-tumor antigen.   We found that the number of 

CD4+CD90.1+ producing IFN-γ in tumor bearing mice was not different 

compared to tumor-free mice. No differences in antigen presentation, assessed 

by YAe antibody staining, were verified in the draining lymph node of these two 

groups. Collectively, our data indicate that tumor burden does not affect 

immune responses to non-tumor antigens. These results have important 

implications in the design of anti-cancer therapy.  



 93

Key words: CD4+ T cells, tumor, antigen specific, dendritic cells, tolerance 

 

 

INTRODUCTION 

 Many tolerization mechanisms of anti-tumor immune responses have 

been described for melanoma, such as the secretion of immune-suppressive 

factors TGF-β (Rodeck, Bossler et al., 1994), IL-10 (Kawamura, Bahar et al., 

2002) and gangliosides (Mckallip, Li et al., 1999; Kawamura, Bahar et al., 

2002), or the expression immune-suppressive molecules such as PD-L1 (Blank 

e Mackensen, 2007) and IDO (Brody, Costantino et al., 2009). Furthermore, an 

increased frequency of suppressive regulatory T cells (Tregs) has been 

reported in murine melanoma (Turk, Guevara-Patino et al., 2004) as well as in 

patients (Nicholaou, Ebert et al., 2009). Recent studies have shown that 

effectors CD8+ T cell responses to common melanoma epitopes are generally 

weak and localized in patients with advanced metastatic disease (Palmowski, 

Salio et al., 2002). Other studies in melanoma patients have confirmed these 

observations, demonstrating that patients with metastatic melanoma experience 

a state of CD4+ T helper type 2 Th2-mediated "chronic inflammation" suggested 

to be a result of VEGF overproduction by malignant tumors (Nevala, Vachon et 

al., 2009), that modulates dendritic cell function. A markedly reduced 

expression of co-stimulatory molecules was demonstrated in tumor-draining 

lymph nodes compared to other lymph nodes from patients with melanoma 

(Essner e Kojima, 2001). In a murine melanoma model, it was verified that MCH 
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class II presentation by dendritic cells (DCs) of a non-tumor antigen injected 

intratumorally is defective in the tumor draining lymph node (Gerner, Casey et 

al., 2008), and we have verified that prevention of traffic between lymph node 

and tumor site specifically affects anti-tumor CD4+T cell differentiation (Maito, 

Souza et al, submitted), thus preventing the generation of CD4+ T cell help for 

anti-tumor CD8+ T cells. 

 The existence of so many tumor immunosuppressive mechanisms could 

lead to the prediction that immune responses to non-tumor antigens would also 

be affected in tumor bearing individuals. Nevertheless, interestingly, the few 

existing studies on the subject suggest that this is not the case. In general, 

cancer patients are not considered immunosupressed individuals, unless they 

were already so when they developed the tumor, or are in a chemotherapy-

induced state of leucopenia (Souza and Bonorino, in press). Mice bearing late-

stage different types of tumors, including melanoma, have been showed normal 

functional systemic T cell responses (Radoja, Rao et al., 2000). A recent study 

demonstrated that CEA antigen specific, but not antiviral CD4+ T cell immunity 

is impaired in pancreatic carcinoma patients (Tassi, Gavazzi et al., 2008). 

However these two studies re-stimulated the cells in vitro perform such 

analysis. The goal of the present study is to evaluate if tumor burden can also 

tolerize the CD4+ T cell response against a non-tumor antigen. We found that 

priming of adoptively transferred transgenic CD4+ T cells specific for a soluble, 

non-tumor antigen in mice bearing one week tumors was not different from 

priming observed in control, tumor-free mice. We also analyzed the in vivo 
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recall proliferation of memory CD4+ T cells specific to this non tumor antigen 

and we found no evidence of immune-suppression against this antigen on the 

tumor lymph node. Such results indicate that a fine regulation of immune 

responses is exerted by tumors, so as to not interfere with a non-tumor immune 

response.  
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MATERIALS AND METHODS 

Mice 

C57Bl/6 (B6) mice were purchased from Fundação Estadual de Produção e 

Pesquisa e Saúde (FEPPS) Porto Alegre, RS, Brazil and TEa transgenic mice 

backcrossed into a RAG-/- background, expressing CD90.1 were provided by 

Marc Jenkins (University of Minnesota, USA). Mice were housed under 

pathogen-free conditions at PUCRS (FABIO) animal facility with ad libitum 

access to food and water. Female six – to eight week old mice were used for all 

experiments and these were conducted with the approval of the PUCRS 

committee on animal research.  

Cell lines  

The murine melanoma cell line B16F10 (ATTC CRL-6475) was cultured with 

DMEM media (Cultilab) supplement with 10% of fetal calf serum (FCS) 

(Cultilab), 1X essentials aas (Gibco), 1X vitamins (Gibco) and 55µM of β-

mercaptoethanol at 37ºC with 5% of CO2 atmosphere.  

EaRFP protein 

This protein was produced as previously described (Itano, Mcsorley et al., 

2003). Briefly, the plasmid vector pTcrHis2 TOPO (Invitrogen) encoding the 

fusion protein EaRFP was transformed into E. coli BL21 competent cells. These 

cells were growth in LB media at 37ºC with agitation of 250 rpm in presence of 

Ampiciline and 1 mM of IPTG (Sigma). After 24hs the cells were lyses by 

sonication in cell lysis buffer (20mM Tris pH8.0; 500mM NaCl; 0.01% Tween 
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20). The protein was purified from bacterial lysate using Ni+2 resin His-Bind Kit 

(Novagen) with few modifications. The protein concentration was estimated 

measuring the density optic (DO) in a Spectrophotometer (Shinadzu model UV-

1201) at 558 nm and using its extinction coefficient (52) and molecular weight 

(30kDa). The protein buffer was change to PBS using a PD-10 desalting column 

(GE). 

Adoptive transfers 

Pooled spleen cells from naive TEa transgenic donor mice were used for 

adoptive transfer, after red cells lysis with RBC lysis buffer. In some 

experiments, these cells were labeled before transfer with 5 µM of 5- and 6-

carboxy-fluorescein diacetate succinimidyl ester (CFSE) (Invitrogen)  for each 

5X106 cells The cells were transferred by intravenous injection in caudal vein 

into naive B6 mice a total of 105 splenocytes from donor mice. 

Mice immunizations and tumor injections 

In order to analyze priming of CD4+ T cells in tumor bearing mice 5X105 

B16F10 cells were injected subcutaneously in mice. After 7 days of tumor 

growth TEa cells were adoptively transferred into tumor bearing mice and into 

others mice without tumor as a control and 24hs later the two groups of mice 

received 20µg of EaRPP subcutaneously in a site next to the tumor The 

responses were evaluated after 10 days of tumor growth in the draining inguinal 

lymph node. In order to analyze memory recall of CD4+ T cells Tea cells were 

adoptively transferred into mice and 24hs later mice receive 50µg EaRPP 
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subcutaneously. After 5 days mice received subcutaneously 5X105 B16F10 or 

PBS then 10 days later mice receive a recall with 20µg EaRFP subcutaneously 

and after 4 days the cells were analyzed in draining lymph node. All 

subcutaneously injections were done after anesthesia with 83 of mg/Kg 

ketamine and 17 mg/kg of xilazine. 

Flow cytometry 

The cells from inguinal lymph nodes were stained in order to evaluate the 

immune response at these sites by flow cytometry. Before staining, the viable 

cells were counted and the Fc receptors were blocked by incubating the cells 

with supernatant of 24G2 supplemented with 5% mouse serum and 10% rat 

serum for 15 min in ice. The cells were stained with anti-CD90.1 PerCP (BD 

Pharmingen), anti-CD4 PE (BD Pharmingen), anti-CD44 FITC (BD 

Pharmingen), anti-CD62L FITC (Macs), anti-CD86 PE (BD Pharmingen), anti-

B220 Cy (BD Pharmingen), anti-YAe FITC (recognized the complex 

MHCII:Eapeptide (eBioscience)) and Streptoavidin FITC (BD Pharmingen). For 

intracellular staining anti-IFNγ FITC (BD Pharmingen) was used, and 

permeabilization was done with Perm2 (BD Pharmingen). The cells were 

acquired at a Beckton Dickinson FACSCalibur flow cytometer and the data were 

analyzed using the software FlowJo (Tristar). 
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RESULTS 

Tumor burden does not affect priming of CD4+ T cells to a non tumor 

antigen in vivo 

CD4+ T cells play a central role in the immune system, coordinating both 

adaptive and innate responses. Upon interaction with cognate antigen 

presented by antigen presenting cells such as DCs, CD4+ T cells can 

differentiate into a variety of effectors subsets, including classical Th1 cells and 

Th2 cells, the more recently defined Th17 cells, follicular helper T (Tfh) cells 

and Treg cells (Zhou, Chong et al., 2009). The differentiation decision is 

governed predominantly by the cytokines in the microenvironment and, to some 

extent, by the strength of the interaction of the TCR with antigen (Boyton e 

Altmann, 2002). Antigen specific CD4+ T cells help macrophages to destroy 

vesicular and intracellular pathogens through cell–cell contact and release of 

immunomodulatory cytokines. Also, it was described that CD4+ T cells can 

interact with DCs promote its maturation and longevity (Smith, Wilson et al., 

2004; Mueller, Jones et al., 2006). At the same way, they provide help to B cells 

and CD8+ T cells in their response to antigen (Wang e Livingstone, 2003). 

Indeed, CD4+ T cells are required for the maintaince of memory CD8+ T cells 

after acute infection (Sun, Williams et al., 2004).  

In the present study we asked if proliferation and differentiation of the 

primed TEa cells into an effectors phenotype would be affected by the presence 

of a tumor that not expresses the T cell specific epitope in the host. To 

determine if CD4+ T cell priming to a non-tumor antigen was modulated in vivo 
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by the presence of a tumor, B16F10 cells were subcutaneously injected at 

concentration of 5X105 in C57Bl/6 mice, in the upper flank of the thigh. After one 

week of tumor growth, when a solid tumor mass could be visualized at the site 

of injection, naïve TEa cells stained with CFSE were adoptively transferred to 

tumor bearing mice or control mice, and 24h later, 20µg of EaRFP protein was 

injected subcutaneously in a site adjacent to the first injection (as shown on 

Figure 1A). The optimal dose of this protein used to prime and recall the cells 

was previously described by others studies that demonstrated to be efficient to 

development of effector and memory Tea cells in vivo (Catron, Rusch et al., 

2006). 
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Figure 1: In vivo priming of CD4+ T cell non tumor specific in tumor 

bearing mice comparing to normal mice.  5X105 B16F10 cell were 

subcutaneous injected in the leg of a group of mice and the other one received 

PBS. After 7 days of tumor growth all groups received 105 TEa CD4+ T cells 

stained with CFSE by IV injection and after 24hs were injected with 20ug 

EaRFP protein subcutaneously in a site next to the tumor. After 3 days the 

responses were evaluated in the inguinal draining lymph node. A- Experimental 

design. B- CFSE dye dilution of transferred CD4+CD90.1+ T cells. C- Number of 

CD4+CD90.1+ transgenic T cell in the tumor draining lymph node of tumor 

bearing mice and in control mice. DLN – Draining lymph node. 

 

Antigen specific cell proliferation was evaluated after 3 days later (Figure 

1B) by CFSE dye dilution. The number of CD4+CD90.1+ T cells recovered from 

the lymph nodes of mice with no tumor was not different from what was 

recovered in the tumor bearing mice (1C). Also, while no CFSE dilution was 

observed in mice that did not receive antigen (Figure 1B), the injection of 

EaRFP resulted in complete dilution of CFSE both in tumor bearing mice and 

control mice. 

While naive CD4+ T cells express high levels of lymph node homing 

receptor molecule CD62L (MEL-14, 1-selectin) and CD127 (IL-7Rα), and low 

CD44 expression, effector CD4+ T cells express several activation markers 

including CD69, IL-2 receptor-α (CD25), CD44 high, and have down-regulated 

the cell surface expression of IL-7Rα (CD127). We analyzed the phenotype of 

the primed CD4+ T cells in the draining lymph nodes of the tumor bering and 

the tumor-free mice.  As demonstrated in Figure 2, differentiation TEa CD4+ T 
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cells into an effector phenotype was not affected in tumor bearing mice, as 

assessed by expression of CD44 and CD62L. 

 

 

 

 

 

 

 

 

Figure 2: Effector phenotype of CD4+ T non tumor specific in tumor 

bearing mice. Dot plots showing the generation of in vivo TEa cells memory. 

Inguinal lymph nodes were analyzed after 4 days of 50ug EaRFP injection for 

presence of CD90.1+CD44high+CD62L+ in a tumor bearing mice. 

 

 

 

Memory recall of CD4+ T cells to a non tumor antigen in vivo is not 

impaired in tumor draining lymph nodes 

After antigen encounter, antigen-specific T cells expand as much as 50,000-

fold, acquire effector function, and then 90%–95% of antigen-specific T cells die 

after a definite period of time, leaving behind a long-lived population of memory 
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T cells that provide protection (Kaech e Wherry, 2007; Williams e Bevan, 2007). 

Memory T cells possess several properties that are essential for their function, 

including higher frequencies than naive precursors, the ability to rapidly 

reactivate upon antigen stimulation, wide tissue distribution, and the ability to 

survive and self-renew for long periods in the absence of cognate antigen. 

Memory CD4+ T cells, re-activated by antigen exposure, expand and could act 

to protect the host by either making early effector cytokines to direct other cells 

(Macleod, Mckee et al., 2008). Memory cells are generally CD44-high, have 

regained IL-7Rα expression but have lost the expression of activation markers 

such as CD25 and CD69. Expression of the lymph node homing markers CCR7 

and CD62L have been used to define memory T cells into two broad subsets. 

Central memory T cells (TCM) and effector memory T cells (TEM) (Sallusto, 

Geginat et al., 2004; Kalia, Sarkar et al., 2006). Additionally, further layers of 

complexity are identified within CD4 TEM and TCM subsets (Rivino, Messi et 

al., 2004).  

We asked if tumor burden could influence an already established 

memory immune response to a non-tumor antigen. To test that, we first 

differentiated TEa cells into an effectors phenotype by adoptively transferring 

the cells and 24h later injecting soluble EaRFP subcutaneously as described 

before. After 5 days, we injected 5X105 B16F10 cells subcutaneously in one 

group of mice while the other group received PBS. After 10 days of tumor 

growth, the TEa memory response was recalled with 20µg of EaRFP protein 

and evaluated in tumor bearing mice as well as in the mice without tumor 
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(Figure 3A). Effector cytokine producing memory CD4 T cells have been shown 

to be protective in viral, bacterial and parasitic infections, therefore we assed 

the IFNγ production of this cells. We evaluated the number of IFNγ+ TEa cells in 

these groups and we found no difference between DLN of tumor bearing mice 

(mean 0.04x104 cells) compared to control mice (mean 0.05x104 cells) (Figure 

3B and 3C). These results suggested that the tumor apparently does not 

influence memory recall to a non tumor antigen in vivo.  

 

 

 

 

 

Figure 

3: 

Evaluation of memory 

CD4+ T cell non tumor specific in a tumor bearing mice comparing to a control mice. 

Memory TEa cells were generated in C57Bl/6 mice by immunization with 50µg of EaRFP. 5 

days later a group of mice received 5x105 B16F10 tumor cells and other group 

received PBS. After 10 days the tumor group received 20µg of EaRFP in the 

tumor site and in a distant tumor site. The control group received 20µg of 

EaRFP. 4 days later the response was analyzed. A- Experimental design. B- 
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Number of positive IFN-γ TEa cells in a tumor mice comparing to a control mice 

in a secondary response in the tumor inguinal draining lymph nodes. DLN – 

Draining lymph node. 

Tumor burden does not affect antigen presentation 

DCs are the most potent antigen-presenting cells (APCs), capable of inducing 

primary and boosting secondary T-cell responses, when bearing a mature 

phenotype (Banchereau e Steinman, 1998; Banchereau, Briere et al., 2000). 

Given that, we asked if tumor burden could influence antigen presentation of a 

non tumor antigen. As mentioned before, we previously demonstrated that the 

MHC class II antigen presentation of a tumor antigen was impaired in tumor 

draining lymph node when we measured the expressed Ea peptide:MHCII 

complex on DC using with YAe antibody staining (Maito, Souza et al., 

submitted). In order to evaluate antigen presentation in the tumor draining 

lymph node of a non tumor antigen we injected EaRFP soluble in site next to 

tumor and analyzed antigen presentation 4 days later. No significant difference 

was found between the numbers of the CD86+YAe+ in the tumor bearing group 

comparing to the control, tumor free group (Figure 4). These results indicated 

that tumor burden was not able to influence antigen presentation of a soluble 

antigen that it is not expressed by the tumor. 
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Figure 4: Antigen presentation in draining lymph node. 20µg of EaRPF was 

subcutaneously injected next to the tumor site in mice bearing 9 days tumor and 

in control mice without tumor.  After 4 days the response was evaluated A- 

Number of CD86+YAe+ cells in the inguinal draining lymph node. B- Dot plot 

showing the CD86+YAe+ cells in the inguinal draining lymph node. DLN – 

Draining lymph node 

 

Discussion   

In the present study we established that the priming and memory CD4+ T 

cell responses specific for a non-tumor antigen in vivo are not affected by tumor 

presence. The antigen used in this study to prime and recall memory TEa was 

the soluble protein EaRFP that contains the Ea peptide. This protein was not 

depleted of TLR ligands, in order to mimic what T cells will encounter in a real 

infection. Another study using soluble protein injected in the tumor site 
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demonstrated impairment of MHC class II presentation in the tumor draining 

lymph node, however they used LPS-free protein (Gerner, Casey et al., 2008). 

We also previously demonstrated that LPS injected in the tumor site could 

increase the MHCII antigen presentation in the tumor draining lymph node 

(Maito, Souza et al., submitted) and result in effector T cell differentiation. 

These results support the potential of TLR ligands to reverse local suppression 

exerted by tumor cells. 

It was recently demonstrated that persistent stimulation through the TCR 

and CD28 may be more important to primed CD4+ T cell to ensure optimal in 

vivo cell cycle progression and differentiate into effector cells (Obst, Van Santen 

et al., 2005; Yarke, Dalheimer et al., 2008), which can in turn perform the helper 

functions required for the regulation of immune response. We have previously 

demonstrated that differentiation of anti-tumor CD4+ T cells is impaired due to a 

gradual cessation of DC migration to the draining lymph node (DLN) and 

antigen presentation by these cells, preventing CD4+ T cell help against the 

tumor and thus enhancing tumor growth. Also, that specific CD4+ T cells 

undergo proliferate arrest, showing by stop on CFSE dilution, due tumor 

tolerization (Maito, Souza et al., submitted). However, these 

immunosuppressive mechanisms are based on tumor antigen specificity 

because when we used the same CD4+ T cell epitope as an antigen (Ea 

peptide), but not expressed by the tumor, the CD4+ T cells go through to a 

complete CFSE dilution as demonstrated in  Figure 1C. 



 108 

Another study using a tumor mouse model supported these ideas, 

showing that mice bearing late-stage different tumors, such as 

adenocarcinoma, melanoma, sarcoma, thymoma, a transgenic model of 

spontaneous breast cancer, colon carcinoma, fibrosarcoma and lymphoma, 

have normal functional systemic T cell responses in vitro and in vivo (Radoja, 

Rao et al., 2000). They found that the proliferation of splenocytes from tumor-

bearing mice was impaired in vitro and this deficiency increased over time with 

tumor growth. However, when the T cells were purified by magnetic anti-CD3 

immunobeads and stimulated in vitro with mitogen, this impairment of 

proliferation was overcome. Indeed, purified cells obtained from tumor bearing 

mice proliferated better than control, tumor-free mice cells. This study also 

demonstrated that mice bearing 2 or 3 week tumors, when injected with soluble 

KLH (Keyhole Limpet Hemocyanin) not expressed in tumor, produced anti-KLH 

T CD4+ cells that proliferated upon in vitro challenge equivalently to control 

mice, showing that tumor bearing mice can prime non-tumor antigen specific 

CD4+ T cells in vivo. In addition, they showed that tumor-bearing mice can 

develop CD8+ T cells with cytotoxic activity after in vitro priming with a non 

tumor antigen. They also demonstrated that mice bearing late stage tumors 

reject syngenic tumors upon challenge, as well as non-cross-reactive tumors, 

which are rejected by mice with functional immune systems. One of the 

differences between our study and the Radoja study it that they used cells after 

purification with positive selection, which could interfere with their results. In 

addition, in the Radoja study they used mice with late stage tumors and we 
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used mice bearing tumors at an early stage. However, our findings were similar, 

that tumor presence seemed not to affect the non-tumor antigen response.  

Similar observations were made in tumor patients. A recent study 

demonstrated that antiviral CD4+ T cell immunity is not impaired in pancreatic 

carcinoma patients (Tassi, Gavazzi et al., 2008) as assessed by a recall assay. 

In this study they used an ex vivo restimulation assay, in which they purified 

CD4+ T cells from blood of patients and healthy donors, with Epstein Barr 

nuclear antigen (EBNA2) or influenza hemagglutinina (HA) peptide to test 

antiviral immunity. When comparing the antiviral specific cytokine production, 

they found that pancreatic cancer patients and normal donors had a similar Th1 

response for EBNA and HA. Consequently, quantitative and qualitative CD4+ T 

cell immunity against viral proteins was preserved in tumor patients (Tassi, 

Gavazzi et al., 2008). In another study, evaluating the CD8+ T cell response 

specific to Epteins Barr virus (EBV) in melanoma patients, CD8+ T cells from 

blood samples were enrichmed by negative selection, using a depletion 

antibody cocktail which prevent T cell stimulation (Lee, Yee et al., 1999). They 

demonstrated that CD8+ T cells from melanoma patients were able to lyse 

EBV-pulsed target cells after antigen stimulation in vitro showing specific 

cytolitic activity. Also, the cells of these melanoma patients showed robust 

allogeneic responses in a mixed lymphocyte reaction assays as well as in 

proliferation assays after recall antigen stimulation (Lee, Yee et al., 1999).  

The present work was performed entirely in vivo without secondary 

antigen stimulation in vitro and without any T cell purification, differently from 
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the previous studies on this subject, in which all interactions between the 

immune cells are intact in the lymph node microenvironment. Nevertheless, our 

results are in agreement with theirs, in that non-tumor specific immune 

responses are preserved in tumor bearing mice. Also, this was the first study 

were the memory response in vivo to a non-tumor antigen was evaluated in 

tumor bearing mice, demonstrating that this response was not affected by the 

tumor immunosuppressive microenvironment. Patients with tumors are not 

generally immunosuppressed before chemo and radiotherapy (Souza and 

Bonorino, in press).  The reason why this situation happens, and cancer 

patients do not show tolerization of immune responses to other patogens, 

presenting opportunistic infections, it is probably related to the fact that in a real 

infection there are several TLR ligands present, ant this is suffcient to reverse 

the tumor immunossupressive microenviroment. A notable exception is the 

patients with glioma and glioblastoma multiforme that have lymphopenia and 

can present opportunistic infections (Learn, Fecci et al., 2006). Further studies 

are necessary to describe the exact mechanisms involved in this process that 

can affect also the tumor non-specific immune response.  

It still remains to be determined how CD4+ T cells primed or already 

present in a tumor bearing host will respond to a different challenge such as 

bacteria, virus or parasite expressing the cognate CD4+ T cell antigen. Also, if 

different time periods of tumor growth will influence resting memory CD4+ T 

cells behaviour, The present work suggest that priming and memory T CD4+ T 
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cells in vivo are not being affected by the tumor immunosuppressive 

microenvironment.   
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CAPÍTULO 7 

7. Considerações finais e perspectivas 

Demonstramos neste trabalho que níveis reduzidos de HspBP1 

presentes no tumor primário de pacientes com câncer de mama está 

relacionado com pior prognóstico da doença. Além disso, demonstramos que 

níveis elevados de HspBP1 em modelo de melanoma murino pode direcionar a 

regressão do tumor in vivo, e este mecanismo provavelmente está associado 

com funções da HspBP1 sobre a Hsp70. Também verificamos que este 

fenômeno não ocorre em camundongos imunodeficientes, sugerindo que a 

resposta imune adaptativa tem uma importante função neste cenário. 

Entretanto, existe ainda um longo caminho a ser seguido a fim de elucidar todo 

o processo que envolve a redução do tumor direcionado pela HspBP1 e sua 

aplicação na terapia anti-tumoral. Um importante ponto ainda a ser avaliado 

que pode contribuir significantemente para ratificar a utilização desta proteína 

na terapia anti-tumoral é a analise da regressão tumoral após tratamento com 

HspBP1 em um tumor pré-estabelecido. 

Em relação à interação da resposta imune na regulação da expressão 

da HspBP1 e Hsp70 nas células tumorails acreditamos que outros fatores, 

além do TNF-α e células dendríticas, podem estar envolvidos neste processo. 

Testamos se a presença TNF-α e células dendríticas maduras diferenciadas de 

medula óssea podem contribuir na regulação da expressão destas proteínas, 

entretanto outras citocinas poderiam estar envolvidas neste processo e 

também outros tipos celulares, como exemplo das células T regulatórias. Ao 
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mesmo tempo, ainda falta ser determinado se o tumor transplantado em 

camundongo imunodeficiente (Rag¨/¨) mantém o mesmo padrão de regulação 

da expressão de HspBP1 e Hsp70, ou seja, inversamente proporcional como 

encontrato em camundongos imunocompetentes.  

Alguns estudos demonstraram que existe diferença na função da Hsp70 

quando está expressa na membrana das células tumorais e também foi 

recentemente descrito que HspBP1 solúvel pode se ligar na Hsp70 expressa 

na superfície das celulas tumorais. Consequentemente, como perspectiva 

deste trabalho também sugerimos a avaliação da expressão da HspBP1 e 

Hsp70 na superfície das células de melanoma e das células do sistema imune 

a fim de verificar alguma função importante relacionada com estas proteínas 

sendo expressas em diferentes compartimentos celulares.  

Além disso, neste estudo avaliamos a influência do ambiente 

imunossupressor gerado pela presença do tumor na resposta imune não tumor 

específica. Verificamos que o tumor, apesar de dispor de diferentes 

mecanismos imunossupressores, não interfere na resposta de células T CD4+ 

especifica para um antígeno não tumoral. O real mecanismo envolvido com a 

imunossupressão direcionada pela presença do tumor diretamente para 

resposta tumor especifica permanece ainda por ser desvendado.  

Concluímos com este trabalho que as interações entre o sistema imune 

e o tumor são complexas, entretanto quando pensarmos em tratamento 

eficiente para os diferentes tipos de tumores com certeza o sistema imune não 

deve ser negligenciado, dado a sua importância no controle do crescimento 
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tumoral. Além disso, concluímos que as proteínas de choque de calor, como 

exemplo da HspBP1 tem um grande potencial a ser investigado na terapia anti-

tumoral. 
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APÊNDICE I 

Resultados suplementares relacionados com a super-expressão de 

HspBP1 em modelo de melanoma murino 
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Co-culture of bone marrow dendritic cells and B16F10.  B16F10 cells were 

plate at concentration of 104 cells per well in overnight culture and the cells 

were transfected or not with the plasmid encoding HspBP1 and incubated for 

3h. After this the bone marrow dendritic cells (BMDCs) with 9 days of 

differentiation with IL-4 and GM-CSF were added in the culture at concentration 

of 3X105 cells per well and this co-culture were incubated for 24hs or 48hs in 

5% of CO2 at 37ºC in DMEM media.C- Dot plot of staining CD86 and MHCII in 

CD11c+ dendritic cells. B- Histograms showing expression of CD86 on CD11c+ 

cells. D- Dot plot of staining CD11c and HspBP1 on dendritic cells. B- Dot blot 

of staining HspBP1 on B16F10 cells A- Western blot analysis of expression of 

HspBP1 and Hsp70. 
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Figura 3: HspBP1 over-expressed in vivo and immune response. A- 

Number o CD4+ or CD8+ T cells in tumor draining lymph nodes of mice bearing 

tumor transfected with plasmid encoding mice HspBP1 sequence (B16 BP1) or 

with only plasmid (B16 vector). The transfected cells were injected 

subcutaneous in mice after 24hs of the transfection at concentration of 105 cells 

and the analysis was after 25 days of tumor growth, the total viable cells of 

lymph node were counted with trypan blue dye and stained with antibodies. B- 

Number of CD11c+CD86+MHCII+ in tumor draining lymph nodes of B16 BP1 or 

B16 vector tumor bearing mice as described above. C- Dot plot of staining 

CD86 and MHC-II on CD11c+ dendritic cells in the draining lymph nodes of mice 

bearing.  

 


