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RESUMO 

 

Não há terapia de segunda linha eficaz para o câncer de bexiga não-músculo invasivo (CBNMI) 

quando ocorre falha do Bacillus Calmette-Guérin (BCG). Nesse cenário, uma nova perspectiva 

é representada pela imunoterapia OncoTherad® (MRB-CFI-1), um complexo nanoestruturado 

desenvolvido pela Universidade de Campinas, Brasil. Os efeitos antitumorais e 

imunomodulatórios do OncoTherad® atentam para análises em outros tumores sólidos que 

também estabelecem um estado de imunossupressão no microambiente tumoral, como o câncer 

de ovário. O termo carcinoma ovariano (CO) refere-se a uma coleção de cinco doenças distintas 

conhecidas como histotipos. Embora o tratamento histotipo-específico ainda seja um desafio 

clínico, modelos bem caracterizados são necessários para testar novas terapias. Nesse trabalho, 

nós avaliamos os efeitos histopatológicos e moleculares do OncoTherad® e associações 

terapêuticas (Plasma Rico em Plaquetas - PRP e Eritropoetina - EPO) no tratamento de 

diferentes cânceres do sistema urogenital (câncer de bexiga e câncer de ovário) em modelos 

animais.  Além disso, nós caracterizamos o modelo de CO induzido quimicamente, avaliando 

sua representatividade da doença humana. Para o modelo de CBNMI, trinta e cinco 

camundongas C57BL/6J foram divididos em 5 grupos: Controle; Câncer (carcinógeno N-etil-

N-nitrosoureia, 50 mg/ml); PRP (0,1 ml); OncoTherad (20 mg/ml); e OncoTherad+PRP (10 

mg/ml). A modulação promovida na via de sinalização dos receptores Toll-like (TLRs), a 

atividade citotóxica (CX3CR1, IL-1β) e células Tregs FOXP3+ foram avaliadas por imuno-

histoquímica (IHC). O tratamento com OncoTherad® isolado ou associado ao PRP aumentou 

as imunorreatividades de NF-kB, IL-6, TLR4, TBK1, IRF-3 e IFN-γ. Assim, a modulação do 

microambiente do CBNMI para um perfil citotóxico correlacionou-se com o aumento de IL-1β 

através da estimulação das vias imunes para produção de IFN-γ e a consequente ativação de 

células T CD8+ e redução de Tregs. No modelo de CO, trinta e cinco ratas Fischer foram 

distribuídas em 5 grupos: Controle (cirurgia Sham); Câncer (injeção de 7,12-

dimetilbenzoantraceno – DMBA na bursa ovariana, 1,25 mg/kg); OncoTherad (20mg/kg IP); 

EPO (8,4 µg/kg IP); e OncoTherad+EPO (mesmas doses). A via dos TLRs (TLR2, TLR4, IL-

6, IFN-γ) e o perfil da resposta inflamatória (iNOS, macrófagos totais F4/80+, macrófagos 

CD163+ M2, linfócitos Treg FOXP3+) foram avaliados por IHC. Além disso, avaliamos 

mutações genéticas e biomarcadores típicos de diferentes histotipos do CO bem como a 

densidade de linfócitos (CD3) por IHC. O OncoTherad® isolado ou associado à EPO foi capaz 

de prevenir lesões ovarianas e modular o microambiente do CO para um perfil citotóxico 

envolvendo a sinalização dos TLRs. A EPO também apresentou efeitos imunomoduladores, 

embora com caráter mais imunossupressor. O conjunto de características analisadas 

favoreceram a interpretação do modelo de CO induzido por DMBA como carcinoma seroso de 

baixo grau, no qual os tratamentos com OncoTherad® e EPO mostraram propriedades 

imunomoduladoras relacionadas à redução de lesões ovarianas. Dessa forma, foi possível 

demonstrar os efeitos antitumorais do OncoTherad® em cânceres do sistema urogenital bem 

como caracterizar um novo modelo animal de CO para o teste de novas drogas considerando o 

histotipo específico. 
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ABSTRACT 

 

There is no effective second-line therapy for non-muscle invasive bladder cancer (NMIBC) 

when Bacillus Calmette-Guérin (BCG) fails. In this scenario, a new perspective is represented 

by OncoTherad® immunotherapy (MRB-CFI-1), a nanostructured complex developed by the 

University of Campinas, Brazil. The antitumor and immunomodulatory effects of 

OncoTherad® draw attention to analyzes in other solid tumors that also establish a state of 

immunosuppression in the tumor microenvironment, such as ovarian cancer. The term ovarian 

carcinoma (OC) refers to a collection of five distinct diseases known as histotypes. Although 

histotype-specific treatment remains a clinical challenge, well-characterized models are needed 

to test new therapies. In this work, we evaluated the histopathological and molecular effects of 

OncoTherad® and therapeutic associations (Platelet Rich Plasma - PRP and Erythropoietin - 

EPO) in the treatment of different cancers of the urogenital system (bladder cancer and ovarian 

cancer) in animal models. Furthermore, we characterized the chemically induced OC model, 

assessing its representativeness of human disease. For the Bladder Cancer model, thirty-five 

C57BL/6J mice were divided into 5 groups: Control; Cancer (carcinogen N-ethyl-N-

nitrosourea, 50 mg/ml); PRP (0.1 ml); OncoTherad (20 mg/ml); and OncoTherad+PRP (10 

mg/ml). The modulation promoted in the signaling pathway of Toll-like receptors (TLRs), 

cytotoxic activity (CX3CR1, IL-1β), and FOXP3+ Tregs cells were evaluated by 

immunohistochemistry (IHC). Treatment with OncoTherad® alone or associated with PRP 

increased NF-kB, IL-6, TLR4, TBK1, IRF-3 and IFN-γ immunoreactivities. Thus, the 

modulation of the NMIBC microenvironment to a cytotoxic profile correlated with the increase 

of IL-1β through the stimulation of the immune pathways for the production of IFN-γ and the 

consequent activation of CD8+ T cells and reduction of Tregs. In the OC model, thirty-five 

Fischer rats were distributed into 5 groups: Control (Sham surgery); Cancer (7,12-

dimethylbenzoanthracene – DMBA injection into the ovarian bursa, 1.25 mg/kg); OncoTherad 

(20mg/kg IP); EPO (8.4 µg/kg IP); and OncoTherad+EPO (same doses). The pathway of TLRs 

(TLR2, TLR4, IL-6, IFN-γ) and the profile of the inflammatory response (iNOS, total F4/80+ 

macrophages, CD163+ M2 macrophages, FOXP3+ Treg lymphocytes) were evaluated by IHC. 

In addition, we evaluated genetic mutations and typical biomarkers of different OC histotypes 

as well as lymphocyte density (CD3) by IHC. OncoTherad® alone or associated with EPO was 

able to prevent ovarian lesions and modulate the OC microenvironment to a cytotoxic immune 

profile involving TLR signaling. EPO also showed immunomodulatory effects, although with 

a more immunosuppressive character. The set of characteristics analyzed favored the 

interpretation of the DMBA-induced OC model as low-grade serous carcinoma, in which 

treatments with OncoTherad® and EPO showed immunomodulatory properties related to the 

reduction of ovarian lesions. In this way, it was possible to demonstrate the antitumor effects 

of OncoTherad® in cancers of the urogenital system, as well as to characterize a new animal 

OC model for testing new drugs considering the specific histotype. 

 

 

 

Keywords: Bladder neoplasms; Ovarian neoplasms; Immunotherapy; Toll-like receptors; 

OncoTherad; Platelet rich plasma; Erythropoietin. 
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1. INTRODUÇÃO  

 

1.1. Câncer de Bexiga Urinária 

1.1.1. Visão Geral 

O câncer de bexiga urinária (CB) é o décimo tipo de câncer mais comum no mundo, 

com mais de 500 mil novos casos diagnosticados por ano (Bray et al., 2018). A Sociedade 

Americana para o Câncer estimou para 2022 cerca de 81.180 novos casos de CB nos Estados 

Unidos, sendo 61.700 em homens e 19.480 em mulheres (American Cancer Society, 2022a). A 

estimativa também previu 17.100 mortes por CB, sendo 12.120 homens e 4.980 mulheres. 

Segundo dados do Instituto Nacional do Câncer (INCA, 2022a), a estimativa para o Brasil no 

ano de 2023 é de 11.370 novos casos de CB, sendo 7.870 homens e 3.500 mulheres. No ano de 

2020 foram notificadas 4.595 mortes por CB (3.097 homens e 1.498 mulheres) no país. A 

mortalidade por câncer de bexiga proporcional em relação a todas as mortes por câncer tem 

aumentado nos últimos 30 anos no Brasil (Figura 1; INCA, 2022b).  

 

Figura 1. Mortalidade proporcional por câncer de bexiga no Brasil entre os anos de 1990 e 2020. 

Gráfico gerado através do Atlas on-line de mortalidade do site do INCA (INCA, 2022b). Valores 

expressos em porcentagem (eixo y). 

Mais de 70% da incidência de CB é superficial, denominado câncer de bexiga não-

músculo invasivo (CBNMI), e a ocorrência de uma doença invasiva é ocasional (Askeland et 

al., 2012). Os tumores superficiais são classificados em três estágios: Tis - carcinoma in situ; 

Ta - papilífero e T1 - tumor confinado a mucosa e submucosa da bexiga, ocorrendo em 10%, 

70% e 20%, respectivamente (Epstein et al., 1998). Contudo, 50% dos tumores não-músculo 
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invasivos recorrem em 4 anos após o tratamento padrão e 11% evoluem para o fenótipo invasivo 

(Askeland et al., 2012). O estadiamento histológico do CB é determinado pela profundidade de 

invasão tumoral da parede vesical e dependerá da ressecção transuretral (RTU) do tumor, por 

via endoscópica, para seu diagnóstico correto. Fragmentos de ressecção superficiais e 

profundos devem ser analisados separadamente (Epstein et al., 1998). 

Um número significativo de fatores de risco tem sido relacionado ao 

desenvolvimento de CB. Segundo dados do registro da base populacional do INCA, o maior 

fator de risco para o desenvolvimento do CB é o tabagismo, presente em cerca de 50 - 70 % 

dos casos (INCA, 2022c). Na meta-análise de estudos epidemiológicos de Zeegers et al. (2000) 

sobre o impacto das características do tabagismo ao risco de câncer do trato urinário, o cigarro 

foi apontado como um fator que aumenta substancialmente o risco para o desenvolvimento do 

câncer de bexiga. O cigarro possui dezenas de substâncias tóxicas, dentre elas aminas 

aromáticas e compostos N-nitrosos, potentes carcinógenos. Outro fator de risco potencial para 

o desenvolvimento do CB é a exposição ocupacional às aminas aromáticas por trabalhadores 

de indústrias de borracha, têxtil e de tinta e a infecção por Schistosoma haematobium, sendo 

este endêmico em países mediterrâneos como o Egito (Poon et al., 2015; Rosenquist & 

Grollman, 2016; Zeegers et al., 2000). A exposição a certas substâncias tais como o arsênio, 

que pode estar presente em águas de abastecimento, o ácido aristolóquico presente em muitas 

plantas de uso medicinal e a pioglitazona presente em fármacos para tratamento de diabetes 

estão associados como um fator de risco (Poon et al., 2015; Rosenquist & Grollman, 2016). 

Em geral, o CB é cerca de 3 a 4 vezes mais comum em homens do que em mulheres. 

Por outro lado, a sobrevida das mulheres é pior com esse tipo de tumor. Especula-se que a alta 

agressividade do câncer de bexiga nas mulheres é decorrente de fatores hormonais, além do 

diagnóstico mais tardio (Dobruch et al., 2016). Embora a bexiga urinária seja secundariamente 

regulada por hormônios sexuais esteroides, o urotélio normal e os tumores uroteliais são 

responsivos aos andrógenos e estrógenos (Garcia et al., 2015). Garcia et al. (2015) 

demonstraram pela primeira vez em ratas induzidas quimicamente ao CBNMI que os níveis 

proteicos aumentados da ubiquitina ligase Siah-2 supraregularam os receptores androgênicos e 

diminuíram os níveis dos receptores estrogênicos, culminando com o escape das células 

uroteliais neoplásicas do sistema imune. Esses mesmos autores verificaram que os níveis dos 

receptores do sistema imune, Toll-like receptors (TLRs), foram diminuídos no CBNMI e 

associaram esse efeito ao aumento dos níveis de Siah-2 e dos receptores androgênicos.  
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1.1.2. Terapêutica 

O tratamento primário do CBNMI baseia-se no procedimento cirúrgico através da 

ressecção transuretral (RTU), seguido da imunoterapia intravesical com Bacillus Calmette-

Guérin (BCG), para diminuição da recidiva e prevenção da progressão tumoral (Askeland et 

al., 2012). No entanto, as taxas de recidiva e progressão após ressecção endoscópica são 

elevadas para o câncer de bexiga (Askeland et al., 2012). Em torno de 20% a 30% dos tumores 

superficiais (pTis, pTa e pT1) apresentam progressão e 70% recorrência pós-tratamento 

exclusivo com RTU (Askeland et al., 2012; Kemp et al., 2005). Por outro lado, sabe-se que a 

terapia adjuvante com BCG pode diminuir esses índices para 30% (Askeland et al., 2012; Hall 

et al., 2007). Morales e Eidinger (1976) foram pioneiros em comprovar o sucesso no tratamento 

do CBNMI com BCG. Desde então, BCG é o tratamento de escolha para o CBNMI de alto 

risco, sendo considerada atualmente a imunoterapia que apresenta melhores resultados, superior 

inclusive à quimioterapia intravesical com relação às taxas de recorrência e progressão do tumor 

(Askeland et al., 2012; Bohle; Brandau, 2003; Hall et al., 2007). 

A imunoterapia com BCG resulta em resposta imune massiva caracterizada pela 

indução dos receptores do sistema imune, receptores Toll-like 2 e 4 (TLRs 2 e 4), com 

consequente indução da expressão de citocinas tanto na urina quanto na bexiga e influxo de 

células inflamatórias na parede vesical (Bohle; Brandau, 2003; Garcia et al., 2015; 2016; 

Schamhart et al., 2000). Citocinas como Fator de Necrose Tumoral – α (TNF-α), fator 

estimulante de colônias de macrófagos (GMCSF), interferon (IFN) e interleucinas (ILs) 

induzem resposta de linfócitos T–helper e das células Natural Killer (NK) na bexiga (Bohle; 

Brandau, 2003; Garcia et al., 2015; 2016). De acordo com Schamhart et al. (2000), após a 

instilação de BCG, a parede vesical apresenta infiltrado celular granulomatoso, envolto por 

linfócitos e granulócitos com indução de resposta imune de longa duração, a qual pode persistir 

por mais de 1 ano. Contudo, tal resposta varia amplamente nos pacientes e a possível correlação 

entre expressão de citocinas e resultado da terapia é alvo de intensa investigação (Schamhart et 

al., 2000).  

No entanto, o uso de organismos vivos e atenuados pode causar efeitos colaterais e 

dificuldade em predizer a resposta imune e antitumoral. O uso do BCG é limitado no CBNMI 

devido à falha do tratamento, efeitos adversos e intolerância que ocorrem em mais de dois terços 

dos pacientes (Perabo et al., 2005). Ainda, complicações severas e óbito relacionados ao 

tratamento foram descritos (Berry et al., 1996; Kamat et al., 2017). Estima-se que 
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aproximadamente 5-10% dos pacientes não conseguem completar o tratamento de indução com 

BCG, acarretando na interrupção do esquema terapêutico (Bohle et al., 2003; Ojea et al., 2007). 

A toxicidade da imunoterapia intravesical com BCG pode ser dividida em efeitos colaterais 

locais e sistêmicos. Os efeitos colaterais locais mais comuns incluem disúria (71%), hematúria 

(29%) e contratura vesical (3%) (Hall et al., 2007). Já os efeitos colaterais sistêmicos podem 

ser divididos em infecciosos (cistite bacteriana, epididimite, prostatite, infecções uretrais, 

sepse) e não-infecciosos (artralgias, reações cutâneas, anafilaxia), sendo que os sintomas de 

febres e calafrios ocorrem em 30% dos pacientes; epididimite, prostatite e infecções uretrais 

em 4%; sepse em 1%; e artralgias e reações cutâneas em 6% (Hall et al., 2007; O’Donnell. & 

Boehle, 2006). 

Embora o uso da RTU com quimioterapia ou imunoterapia adjuvantes represente 

um importante avanço no tratamento do CBNMI, o manejo deste tumor, principalmente para 

tumores de alto grau, continua sendo um desafio devido às altas taxas de recorrência e 

progressão para os fenótipos músculo invasivo e/ou metastáticos (Garcia et al., 2016). 

Diferentes agentes quimioterápicos convencionais têm sido utilizados na recorrência do 

CBNMI após uso da imunoterapia intravesical com BCG (Lightfoot et al., 2011; Steinberg et 

al., 2011). A valrubicina, um análogo semissintético da doxorrubicina, foi aprovada pelo órgão 

regulador norte-americano FDA (Food and Drug Administration) para uso em casos específicos 

de tumores pTis refratários ao BCG, sendo efetiva em menos de 10% dos pacientes (Steinberg 

et al., 2011). Além disso, protocolos baseados nas imunoterapias com IFN-α ou IFN-α 

associado ao BCG também têm sido utilizados (Lightfoot et al., 2011). Contudo, nenhum destes 

esquemas terapêuticos foi superior ao uso isolado do BCG.  

Um problema adicional é o frequente desabastecimento de BCG tanto no Brasil, 

como no mundo devido às suspensões, restrições e dificuldades na produção. Assim, os 

pacientes com CBNMI estão sujeitos a mudanças e/ou interrupções no tratamento e até mesmo 

desamparados totalmente na falta de BCG. Os desafios impostos frente à escassez de BCG 

apontam para a necessidade de desenvolvimento de novas opções de tratamento para o CBNMI 

(Guallar-Guarrido; Julián et al., 2020). 

1.1.3. Modelo de Indução 

Para o desenvolvimento de novos fármacos faz se necessário modelos animais bem 

caracterizados para estudos pré-clínicos. Alterações neoplásicas podem ser iniciadas na bexiga 

urinária de camundongas e ratos no período de algumas semanas de tratamento com doses 
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baixas de carcinógenos químicos (Crallan et al., 2006; Reis et al., 2009) que são instilados 

diretamente na bexiga dos animais (Crallan et al., 2006). Hicks & Wakefield (1972) utilizaram 

4 doses do carcinógeno N-metil-N-nitrosoureia (MNU) para rápida indução do CBNMI em 

ratos, demonstrando que este é um carcinógeno completo. As nitrosouréias podem atuar como 

iniciadoras e promotoras da neoplasia podendo causar persistente metilação do DNA (Steinberg 

et al., 1990). Estudos com animais pré-tratados com MNU confirmaram que as células tumorais 

preferencialmente se implantam na superfície urotelial alterada (Soloway et al., 1983; Weldon 

& Soloway, 1975).  

A carcinogênese urotelial induzida com nitrosouréias em murinos é semelhante à 

carcinogênese humana, pois envolve o efeito de agentes ambientais (o mesmo carcinógeno 

presente no cigarro de tabaco) num substrato geneticamente susceptível. Além disso, a 

carcinogênese urotelial induzida com nitrosouréias sofre uma sequência de alterações 

morfológicas, iniciando com hiperplasia simples seguida de hiperplasia nodular e papilar, 

progredindo posteriormente para papiloma e, ocasionalmente, carcinomas não invasivos e, 

finalmente, neoplasias invasivas (Cohen et al., 2002; Dias et al., 2016; Fávaro et al., 2012; 

Garcia et al., 2015; 2016; Oliveira et al., 2006; Reis et al., 2009; 2010; 2012). 

Os experimentos com CBNMI realizados por nosso grupo de pesquisa utilizaram 

incialmente o modelo animal (ratas Fischer 344 ou camundongas com fundo C57BL/6J) de 

indução química com N-metil-N-nitrosoureia (MNU). No entanto, no ano de 2017, a produção 

do N-metil-N-nitrosoureia (MNU –N1517 Sigma Aldrich®) foi descontinuada e o N-etil-N-

nitrosoureia (ENU - Sigma, St. Louis, MO, EUA) passou a ser usado nos modelos 

experimentais, demonstrando a mesma eficácia que o MNU. Likhachev e seu grupo de 

pesquisa, em um experimento com hamsters Syrian Golden, também demonstraram que tanto 

o MNU quanto o ENU provocaram metilação no DNA em diversos tecidos, induzindo o câncer 

(Likhachev et al., 1983). 

Em estudos empregando tanto o MNU como o ENU, o modelo animal induzido 

apresentou vantagens particulares para os estudos da carcinogênese urogenital. A saber: 1- 

carcinógeno conhecido por agir diretamente sobre o urotélio, sem necessidade de ativação 

metabólica; 2- reproduziu tumores de bexiga clinicamente observados em humanos, os quais 

tiveram origem exclusiva no urotélio, foram espontâneos e não implantados e histologicamente 

equivalentes ao carcinoma de células transicionais; 3- pôde ser administrado por via intravesical 

em doses de pulso quantificáveis; 4- possui baixo custo, reprodutível e utiliza um hospedeiro 

imunocompetente, o que é importante quando se estuda o tratamento com imunomoduladores, como 
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por exemplo, o Bacillus Calmette-Guerin (BCG); 5- modelo de câncer mais controlado do que 

aqueles que usam carcinógenos na dieta ou na água potável (Dias et al., 2016; Fávaro et al., 2012; 

Garcia et al., 2015; 2016; Perabo et al., 2005; Reis et al., 2010; 2012). 

 

1.2. Câncer de Ovário 

1.2.1. Visão Geral 

O câncer de ovário (CO) é a segunda neoplasia ginecológica de maior incidência 

em mulheres, seguindo o câncer de colo de útero (INCA, 2022d) e apresenta a maior 

mortalidade dentre as neoplasias do sistema genital feminino (American Cancer Society, 

2022b). As estimativas para o ano de 2022 nos Estados Unidos foram de 19.880 novos 

diagnósticos e 12.810 mortes por CO (American Cancer Society, 2022b). No Brasil, as 

estimativas do Instituto Nacional do Câncer (INCA, 2022a) são de 7.310 novos casos de câncer 

de ovário. Entre as mulheres, o CO ocupa o quinto lugar em morte por câncer e os 

levantamentos de dados do Instituto Nacional do Câncer (INCA) revelam uma crescente 

mortalidade no Brasil nos últimos anos com taxas variáveis entre os estados (Figura 2). Em 

2015 foram registrados 3.536 óbitos, em 2017, 3.879 óbitos e 4.123 em 2019 (INCA, 2022b). 

Cerca de 75% dos casos são avançados quando descobertos, devido às dificuldades de detecção 

precoce do CO, contribuindo para o pior prognóstico dentre as malignidades ginecológicas 

(Meinhold-Heerlein; Hauptmann, 2014; INCA, 2022d).  

 

Figura 2. Representação espacial das taxas brutas de mortalidade por câncer de ovário, por 

100.000 mulheres, pelas unidades da federação do Brasil, entre os anos 2000 e 2020. Mapa gerado 

através do Atlas on-line de mortalidade do site do INCA (INCA, 2022b).  
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O termo câncer de ovário compreende um grupo heterogêneo de tumores malignos 

que acometem a gônada feminina e diferem em etiologia, prognóstico, morfologia e patologia 

(Prat, 2015; Meinhold-Heerlein et al., 2016). As causas são multifatoriais, mas há fatores de 

risco que facilitam o desenvolvimento da neoplasia tais como a idade, o histórico familiar e 

mutações herdadas em genes específicos como o BCRA1 e BCRA2 (Andrews; Mutch, 2017; 

Webb; Jordan, 2017). Algumas pesquisas apontam para a relação existente entre a ovocitação 

e o câncer de ovário, sendo condições relacionadas com maior número de ovulações tais como 

nuliparidade, infertilidade, menopausa tardia e menarca precoce associadas com maiores taxas 

de CO, enquanto que condições que acarretam em menor número de ciclos ovulatórios tais 

como menarca tardia, menopausa precoce, gravidez e uso de hormônios contraceptivos são 

fatores indiretamente relacionados com a incidência de CO (Kurman; Shih, 2010; Gong et al., 

2013; Webb; Jordan, 2017). 

Os tumores ovarianos podem ser classificados por tipo histológico (de acordo com 

a Organização Mundial da Saúde, OMS) e quanto ao estágio do tumor (segundo a Federação 

Internacional de Ginecologia e Obstetrícia - International Federation of Gynecology and 

Obstetrics, FIGO). A classificação da OMS é baseada na histogênese do ovário de acordo com 

o possível tecido de origem do tumor, podendo ser: (1) tumores epiteliais, originados das células 

que recobrem a superfície externa do ovário as quais derivam do epitélio celômico; (2) tumores 

de células germinativas, originadas das células germinativas primordiais que migram a partir 

do saco vitelino até os ovários originando os gametas femininos denominados de ovócitos; ou 

(3) tumores do estroma e do cordão sexual, derivados dos cordões sexuais de origem 

mesonéfrica e do mesênquima (Kumar et al., 2010; Kurman et al., 2014). 

Entre os três tipos principais da classificação histológica da OMS, os tumores 

epiteliais são os mais frequentes (85 a 90% dos tumores ovarianos malignos) e podem ser 

constituídos de um ou mais tipos distintos de epitélios com uma quantidade variável de estroma 

(Kurman et al., 2014). Baseada na histopatologia, imunohistoquímica e perfil molecular, a 

classificação dos tumores epiteliais ovarianos mais comumente utilizada pelos patologistas 

inclui cinco subtipos principais ou histotipos, que contabilizam mais de 97% dos carcinomas 

epiteliais ovarianos: (1) carcinoma seroso de alto grau, 70%; (2) carcinoma endometrioide, 

10%; (3) carcinoma de células claras, 10%; (4) carcinoma mucinoso, 3%; e (5) carcinoma 

seroso de baixo grau, menos de 5% (Clarke; Gilks, 2011; Prat, 2012; Javadi et al., 2016). 

O estadiamento e avaliação da malignidade do tumor de ovário são realizadas 

cirurgicamente conforme as orientações da FIGO (estádio I a IV) e no sistema TNM utilizado 
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pela União Internacional Contra o Câncer (Union for International Cancer Control's - UICC), 

ambos levam em consideração a capacidade de disseminação do tumor desde seu local de 

origem e refletem a extensão da doença, o tipo de tumor e sua relação com o hospedeiro (Prat, 

2015). Dentre essas orientações tem-se a inspeção, classificação e realização de inventário da 

cavidade abdominal (incluindo seu conteúdo) e das estruturas que têm alguma relação 

anatômica com os ovários como: peritônio, espaços retroperitoneais e linfonodos (Prat, 2015).  

1.2.2. Terapêutica 

A conduta mais comum utilizada no tratamento de tumores de ovário é uma 

combinação entre cirurgia e quimioterapia baseada em platina (Grisham et al., 2014). 

Primeiramente, realiza-se o estadiamento do tumor e o seu grau de extensão, posteriormente é 

realizada uma cirurgia de ressecção que geralmente leva à retirada do ovário afetado, seguida 

de uma quimioterapia associada (Stewart et al., 2019). Entretanto, os métodos atuais apesar de 

melhorados com o passar dos anos, não previnem as altas taxas de recorrência além dos efeitos 

colaterais adversos. O uso combinado de carboplatina e paclitaxel como adjuvantes após a 

cirurgia de retirada do tumor tem se mostrado como o tratamento quimioterápico mais comum 

atualmente (Stewart et al., 2019).  

Outras abordagens aliadas podem tornar o tratamento ainda mais eficiente como a 

intraperitoneal, visto que o peritônio é o primeiro local para onde o CO dissemina-se e, na maior 

parte dos casos, fica confinado nesta cavidade (Ledermann, 2018). Apesar das estratégias 

convencionais de cirurgia aliada à quimioterapia e também o uso de radioterapia serem 

eficientes em alguns casos, os mesmos são pouco específicos considerando a heterogeneidade 

do CO, com vários subtipos histológicos que divergem em suas características moleculares e 

taxas de resposta à quimioterapia (Grisham et al., 2014; Prat, 2015, Cortez et al., 2018). Além 

disso, os tratamentos convencionais possuem alta ação citotóxica, portanto, atacam tanto 

células tumorais quanto células saudáveis, podendo levar ao aparecimento de diversos efeitos 

colaterais e ao desenvolvimento de mecanismos de resistência (Cortez et al., 2018).  

Os efeitos colaterais mais comuns são fadiga, perda de peso, infecções, anemia, 

náuseas e vômitos, diarreias, disfunções sexuais e na fertilidade, sendo mais comum dormência 

nos membros (58,6%), fadiga (55%), perda de cabelo (49,9%) e falta de apetite (46,3%) nas 

combinações de taxano e carboplatina (Hsu et al., 2017).  Outros efeitos colaterais graves nos 

tecidos saudáveis incluem nefrotoxicidade (Liu et al., 2006), hepatoxicidade (Pratibha et al., 

2006), neurotoxicidade (Amptoulach; Tsavaris, 2011), cardiotoxicidade (Sawant et al., 2015), 
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ototoxicidade (Rademaker-Lakhai et al., 2006), toxicidade gastrointestinal, mielosupressão e 

imunossupressão além de resistência adquirida à droga após um tempo de tratamento (Florea; 

Büsselberg, 2011; Galluzzi et al., 2014). A toxicidade ao sistema nervoso periférico, que pode 

persistir após um tempo ou ser permanente, é o maior fator limitante para a dose de cisplatina 

e a ausência de uma estratégia eficaz estabelecida para gerenciar esse efeito colateral atenta 

para a urgência de se encontrar novas estratégias (Amptoulach; Tsavaris, 2011). 

Outro ponto importante é o fato de, mesmo que transitoriamente, os tratamentos 

convencionais como cirurgia e quimioterapia podem causar supressão imunológica. No caso de 

alguns tratamentos com quimioterapia, esse efeito acontece por reduzir o número de células do 

sistema imune da paciente, inclusive células T (Vinay et al, 2015). A atividade normal do 

sistema imune pode retornar após cerca de 2 ou 3 semanas do término do tratamento com o 

quimioterápico, no entanto a recuperação não é observada nos casos em que a paciente é 

submetida a tratamento de longo prazo (Vinay et al, 2015). Em relação à cirurgia, esse trauma 

causa aumento de citocinas pró inflamatórias e riscos de infecções (Vinay et al, 2015). 

A maioria das pacientes de CO recai dentro de 16–18 meses após o término do 

tratamento com quimioterapia baseada em platina e morrem da doença, 15% deles já no 

primeiro ano (Lavoué et al., 2013). A resistência à cisplatina adquirida após alguns ciclos de 

tratamento como no caso do CO (Köberle et al., 2010) é o principal fator que dificulta a 

sensibilidade das células cancerígenas fazendo com que não respondam à droga o que, 

consequentemente, diminui a eficácia do tratamento de longo prazo (Florea; Büsselberg, 2011). 

A alta taxa de resistência à quimioterapia que aparece na maioria dos pacientes com carcinoma 

serosos de alto grau (Bowtell et al., 2015; Kurman; Shih, 2016; Christie; Bowtell, 2017) é um 

motivo inegável na busca por tratamentos diferenciados como intervenções de base 

imunológica. A grande maioria (90%) dos pacientes que apresentam disseminação das células 

tumorais além dos ovários, apresenta recaída durante o tratamento e vem à óbito devido ao 

desenvolvimento da resistência (Agarwal; Kaye, 2003). No Brasil, cerca de 80% das pacientes 

com tumor epitelial avançado apresentam recorrência devido ao desenvolvimento de 

resistência, que acomete a maioria dos pacientes com o tipo mais frequente de CO - o carcinoma 

seroso de alto grau (Ministério da Saúde, 2019). 

Inibidores da poli (adenosina difosfato [ADP] ribose) polimerase (PARPs), como o 

Olaparib, inibem o crescimento tumoral em carcinomas ovarianos serosos de alto grau 

associados às mutações nos genes BCRA1 e BCRA2, bloqueando o reparo do DNA promovido 

por essa via e promovendo consequente citotoxicidade nas células cancerosas (Ledermann et 
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al., 2012). Os inibidores de PARPs mostraram bons resultados melhorando a sobrevida livre de 

progressão (PFS) e inibindo o crescimento tumoral (Ledermann et al., 2012). De acordo com 

as diretrizes atuais para o manejo de inibidores de PARP em CO, eles não devem ser repetidos 

se o paciente progredir após o tratamento, não há indicação para uso em cânceres em estágio 

inicial e provavelmente não serão eficazes nos carcinomas de células claras ou mucinoso (Tew 

et al., 2020). Mesmo com o desenvolvimento dos inibidores de PARP, há uma necessidade 

substancial de terapias direcionadas adicionais, bem como superar a resistência a essas drogas. 

Novas abordagens surgiram nas últimas décadas que implementaram o uso da 

imunoterapia no combate ao câncer de ovário como, por exemplo anticorpos, que podem 

identificar proteínas específicas das células tumorais e ativar a resposta humoral e celular do 

paciente contra elas (Liu et al., 2010) e inibidores de checkpoints imunológicos, que modulam 

a tolerância de linfócitos T aos antígenos próprios, regulagem perdida em condições de 

neoplasia (Krishnan et al., 2017). Outra abordagem é a incorporação de drogas anti-

angiogênicas no tratamento do CO, tais como o Bevacizumab que foi consideração pela Food 

and Drug Administration (FDA) como uma opção de tratamento de primeira linha para o CO 

nos EUA (Ledermann, 2018; Genentech, 2017). 

Outras estratégias que envolvem o sistema imune da paciente estão em 

desenvolvimento como a imunoterapia adotiva de células T (ATC), baseada no isolamento de 

células T infiltrantes do tumor ou da corrente sanguínea que são isoladas, expandidas e injetadas 

como efetores imunes específicos (Genta et al., 2018; Ghisoni et al., 2019). A utilização de 

neoantígenos tumorais, moléculas imunogênicas não expressas em tecidos saudáveis, pode 

expandir as células T preexistentes, ampliando o combate imune e controle do tumor 

(Napoletano; Bellati, 2019). No entanto, nem sempre os neoantígenos tumorais identificados 

são imunogênicos, inclusive no CO (Napoletano; Bellati, 2019; Liu et al., 2019). Nesse sentido, 

há ainda as terapias fundamentadas em vacinas, que, a partir da injeção de células dentríticas 

(baseadas no tumor), recombinantes virais, peptídeos ou derivados de ácidos nucleicos, 

estimulam o reconhecimento das células cancerígenas pelo sistema imune além de estabelecer 

memória imunológica (Krishnan et al., 2017). Apesar dos inúmeros esforços, a aprovação para 

novas drogas destinadas ao tratamento do CO é lenta, enquanto tem sido desafiante melhorar a 

sobrevivência geral dos pacientes acometidos por essa síndrome (Liu; Metulonis, 2014). 
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1.2.3. Modelo de Indução 

Um modelo animal válido com características histológicas semelhantes aos tumores 

ovarianos humanos é necessário para avaliar a eficácia de compostos químicos com possível 

potencial terapêutico, visto que o tratamento específico para o CO ainda é um desafio clínico 

(Chuffa et al., 2013). Os experimentos envolvendo o câncer de ovário realizados por nosso 

grupo de pesquisa utiliza o modelo animal isogênico (ratas Fischer 344) com indução química 

através de 7,12-dimetilbenzoantraceno (DMBA). O período de desenvolvimento do CO após a 

aplicação do DMBA na bursa ovariana compreende em torno de 120 dias (Chuffa et al., 2018; 

Zonta et al., 2017). O tipo histológico dos tumores ovarianos formados pode variar de acordo 

com a espécie e idade dos animais, dose do carcinógeno, via de administração e método de 

indução (Chuffa et al., 2013). No entanto, a maioria dos tumores desenvolvidos após a aplicação 

do protocolo adotado (Chuffa et al., 2018) são carcinomas denominados como papilíferos 

serosos de alto grau, os quais são semelhantes ao CO mais recorrente em mulheres – o 

carcinoma seroso de alto grau (Javadi et al., 2016). 

O DMBA é um hidrocarboneto policíclico aromático (HPA) originado no ambiente 

a partir da combustão de compostos orgânicos tais como o carvão, gasolina e cigarro 

(Bhattacharya; Keating, 2012; Zhou et al., 2018). Os efeitos imunossupressores e 

carcinogênicos do DMBA trazem prejuízos à saúde humana inclusive sobre aspectos 

reprodutivos (Anderson et al., 2014) e seu potencial carcinogênico está relacionado ao 

desenvolvimento dos cânceres decorrentes da fumaça do cigarro e poluição urbana (Kwon et 

al., 2018). Em roedores, o DMBA causa imunotoxicidade aos folículos ovarianos de modo 

dose-dependente (Zhou et al., 2018) através de estresse oxidativo nas células da granulosa e da 

teca e apoptose (Tsai-Turton et al., 2007); e alteração na expressão de proteínas das junções 

gap (Ganesan et al., 2013), de oncogenes e de genes supressores tumorais (Madden et al., 2014). 

Devido às suas propriedades de indução, promoção e progressão de tumores, o DMBA é 

utilizado como carcinógeno para modelos experimentais há vários anos (Nishida et al., 1998).  

A utilização do DMBA para indução química da carcinogênese em roedores é um 

método efetivo para o estudo do CO, principalmente os de origem epitelial (Marion et al., 2013). 

O DMBA é capaz de induzir a formação de neoplasias de origem epitelial com padrões 

histológicos, moleculares e de disseminação semelhantes ao CO em humanos (Nishida et al., 

1998; Stewart et al., 2004). Os tumores desenvolvidos em ratos após o tratamento com o DMBA 

apresentaram marcadores epiteliais e metabólicos (Crist et al., 2005) e mutações nos genes Tp53 
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e Ki-Ras (Stewart et al., 2004) característicos do CO em mulheres. Dessa forma, o modelo de 

CO via indução química com DMBA é apropriado para o estudo dos componentes estruturais 

e funcionais do microambiente tumoral, inclusive aspectos do sistema imune (Chuffa et al., 

2017; Zonta et al., 2017). 

 

1.3. Sistema Imune e Câncer 
 

A relação entre tumores malignos e o sistema imune é muito estreita visto que o 

câncer, inclusive o câncer de bexiga e de ovário, é imunogênico, ou seja, capaz de desencadear 

uma resposta inflamatória. Vários antígenos tumorais, com ou sem mutações, já foram 

identificados em diferentes tipos de tumores, os quais são adquiridos pelas células tumorais no 

processo de transformação neoplásica e induzem uma resposta imune específica das células T 

do hospedeiro (Lavoué et al., 2013). Uma das evidências mais fortes de que ligam a imunidade 

antitumoral e o câncer foi, inclusive, observada no câncer de ovário humano (Liu et al., 2010). 

Em 2003, Zhang et al. demonstraram a presença de algumas populações de linfócitos infiltrados 

em carcinomas ovarianos em diferentes estágios, denominando de infiltrado linfocitário 

tumoral (TIL) (Zhang et al., 2003). Zhang et al. (2003) correlacionaram a presença desse 

infiltrado com uma positiva evolução do quadro clínico dos pacientes. Posteriormente, outros 

estudos confirmaram que a contagem desses TILs era um importante fator para um prognóstico 

favorável (Liu et al., 2010). 

No microambiente de um tumor podem ser encontradas diversas células imunes 

como: neutrófilos, eosinófilos, células dendríticas, linfócitos, células natural killer (NK) e 

macrófagos associados a tumores - tumor-associated macrophages (TAMs) (Gata; Laurentiu, 

2017). Essas células estão associadas ao aparecimento de respostas tanto da imunidade inata 

como adaptativa e criam um complexo microambiente inflamatório, o qual pode inibir ou 

estimular o crescimento tumoral (Disis, 2010). Na resposta imunológica inata, as protagonistas 

dessa interação com o tumor são as células NK e os macrófagos (Abbas, 2012). As células NK, 

em especial, são capazes de destruir diversos tipos de células malignas que expressam uma 

quantidade pequena de complexo principal de histocompatibilidade (MHC) classe I ou ligantes 

ativadores de células NK apresentados pelas células apresentadoras de antígenos (APCs) como 

as dendríticas e macrófagos (Abbas, 2012).  

Os macrófagos podem ter uma atuação mais ampla dependendo do seu estado de 

ativação que é determinado pelo conjunto de estímulos do microambiente. Em resposta a sinais 
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oriundos de produtos bacterianos ou interferon gama (IFN-γ), os macrófagos adaptam-se ao 

fenótipo M1 (Heusinkveld; Burg, 2011). A polarização do tipo M1 é imunoestimulatória, 

caracterizada pela produção de fatores citotóxicos pelos macrófagos como espécies reativas de 

oxigênio (ROS) e óxido nítrico (NO) via óxido nítrico sintase induzida (iNOS), liberação de 

enzimas lisossomais, produção de TNF (fator de necrose tumoral) e IL-12 (interleucina 12), 

além de induzir a atividade citotóxica de células NK e atrair e ativar células do sistema 

imunológico adaptativo (Heusinkveld; Burg, 2011; Abbas, 2012). O perfil M2 de macrófagos 

atua na eliminação de parasistas e cicatrização de feridas, no entanto também resulta em funções 

imunossupresoras como polarização de células T para o pefil Th (T helper) 2; produção do fator 

de cresimento endotelial vascular (VEGF), fator de crescimento transformante β (TGF-β) e IL-

10; atenuação da resposta imune e, consequentemente, facilita a progressão tumoral 

(Heusinkveld; Burg, 2011; Bellora et al., 2014). 

A resposta imune adaptativa antitumoral é específica a antígenos associados aos 

tumores e essencialmente constituída da atividade citotóxica via linfócitos T citotóxicos (CTLs) 

CD8+ e células T CD4+ Th1 (Disis, 2010; Abbas; 2012). O início da resposta imune adaptativa 

requer dois sinais: o primeiro via apresentação de antígenos envolvendo o MHC nas APCs e o 

receptor de células T (Sinal 1); e o segundo via co-estimulação do receptor CD28 nas células T 

com ligantes B7-1 (CD80) ou B7-2 (CD86) expressos nas APCs (Sinal 2), o que acarreta em 

expansão clonal das células T, secreção de citocinas e execução de funções efetoras (Seliger et 

al., 2008; Taube et al., 2018). Os macrófagos M1 tem papel na geração da imunidade adaptativa 

atraindo a ativando células Th1 que tem efeito citotóxico direto às células tumorais (Disis, 

2010). Por outro lado, os TAMs, em geral de fenótipo M2, e células supressoras derivadas da 

linhagem mieloide (MDSCs) podem inibir a resposta imune adaptativa a partir da secreção de 

citocinas que afetam diretamente a atividade de células T bem como recrutando células 

supressoras como as células T regulatórias (Tregs) (Disis, 2010; Yang, 2015). 

As células Tregs FOXP3+ diminuem a imunovigilância dos tumores e suprimem as 

respostas imunes antitumorais (Wang et al., 2022). FOXP3, um fator de transcrição de hélice 

de garfo, é o principal marcador de células Tregs envolvido na diferenciação e função dessas 

células. No microambiente tumoral, as Tregs secretam TGF-β que é um mediador chave na 

indução de FOXP3, diferenciação e atividade de outras células Tregs (Wang et al., 2022). Dessa 

forma, o microambiente tumoral envolve uma complexa rede de citocinas e fatores solúveis que 

podem suprimir a imunidade. Esse ambiente inflamatório associado com uma população de 

leucócitos imunossupressores, previne a maturação de células da linhagem mieloide, favorece 
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o desenvolvimento de células Tregs e restringe a atividade citotóxica de linfócitos efetores, 

permitindo assim a evasão do câncer da ação do sistema imune e tornando possível sua 

progressão (Cubillos-Ruiz et al., 2010).  

O mecanismo de detecção imune inata de tumores imunogênicos que levam às 

respostas de células T adaptativas permanece indefinido, embora os interferons (IFNs) estejam 

implicados neste processo (Woo et al., 2014). Woo et al. (2014) identificaram que a ativação 

espontânea de células T CD8+ contra tumores foi defeituosa em camundongas sem o fator 

estimulador do complexo de genes de interferon (STING), mas não em outras vias de 

sinalização inatas, sugerindo o envolvimento de uma via de detecção de DNA citosólico. In 

vitro, a produção de IFNs e a ativação de células dendríticas foram desencadeadas por DNA 

derivado de células tumorais, através de STING e do fator regulador de interferon IRF-3 (Woo 

et al., 2014). No microambiente tumoral in vivo, o DNA de células tumorais foi detectado no 

interior de células apresentadoras de antígeno do hospedeiro, o que se correlacionou com a 

ativação da via de STING e a produção de IFNs (Woo et al., 2014). Assim, o trabalho de Woo 

et al. (2014) demonstrou que o mecanismo principal para a detecção imune inata do câncer 

ocorre através da via hospedeira STING, com implicações para o uso de imunoterapias. 

1.3.1. Receptores Toll Like (TLRs): Alvos promissores no tratamento 

oncológico 

A população de células da imunidade inata e adaptativa tem sua atividade associada 

com a presença de Toll-like Receptors (TLRs), que também são expressos em células 

endoteliais e epiteliais (Bhardwaj et al., 2010; Dajon et al., 2017). Os TLRs fazem parte da 

família de receptores transmembrana que reconhecem padrões moleculares associados a 

patógenos (PAMPs) e associados a danos (DAMPs) e têm atividade tanto na lesão quanto na 

reparação tecidual decorrentes da inflamação (Kumar et al., 2011; Galli et al., 2010; Satoh; 

Akira, 2016). Dentre os tipos de TLRs, os que estão localizados na membrana plasmática e 

reconhecem lipídios e proteínas ligantes são: TLR1, TLR2, TLR4, TLR5 e TLR6; já os que são 

encontrados em compartimentos intracelulares e detectam ácidos nucleicos virais incluem 

TLR3, TLR7, TLR8 e TLR9 (Satoh; Akira, 2016; Duan et al., 2022). 

A função clássica dos TLRs consiste no recrutamento de leucócitos para os tecidos 

infectados com posterior indução de respostas imunes adaptativas (Akira; Takeda, 2004; Galli 

et al., 2010; Takeda; Akira, 2004). A ativação dos TLRs na superfície das células epiteliais 

induz a expressão de moléculas de adesão intercelular (ICAM), as quais desempenham um 
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papel fundamental na implantação e adesão de leucócitos (Satoh; Akira, 2016). Muitos dos 

efeitos conhecidos da sinalização dos TLRs ocorrem através da produção de moléculas 

inflamatórias e moléculas para sobrevivência celular, como TNF-α e interleucinas IL-6, IL-1β 

e IL-10, bem como a expressão de moléculas co-estimulatórias em células dendríticas e 

macrófagos (Akira; Takeda, 2004; Galli et al., 2010). Coletivamente, cada TLR recruta uma 

combinação específica de moléculas adaptadoras para ativar diferentes fatores de transcrição 

que darão origem à resposta apropriada e efetiva contra o patógeno estimulador (Akira; Takeda, 

2004; Satoh; Akira, 2016; Takeda; Akira, 2004).  

A transdução de sinais dos TLRs ocorre através de diferentes proteínas adaptadoras, 

as quais desencadeiam uma cascata de sinalização envolvendo o fator de transcrição nuclear kβ 

(NF-κβ), proteínas-quinases ativadas por mitógeno (MAPKs), p38, proteínas quinases c-jun-N-

terminal (JNKs), proteínas quinases reguladoras de sinalização extracelular (ERKs) e os fatores 

regulatórios de interferon (IRF-3, IRF-5 e IRF-7) (Akira; Takeda, 2004; Satoh; Akira, 2016; 

Takeda; Akira, 2004). Agumas das moléculas adaptadoras envolvidas na sinalização dos TLRs 

são: fator 88 de diferenciação mielóide (MyD88), proteína adaptadora contendo domínio 

receptor de toll-interleucina 1 (TIR) (TIRAP), adaptador indutor de interferon-β contendo 

domínio TIR (TRIF) e proteína de membrana associada à cadeia de translocação (TRAM) 

(Akira; Takeda, 2004; Satoh; Akira, 2016; Takeda; Akira, 2004). A proteína MyD88 é utilizada 

por todos os TLRs, a exceção do TLR3, e ativa NF-κβ e as vias das MAPKs para induzir a 

produção de citocinas inflamatórias (Satoh; Akira, 2016; Takeda; Akira, 2004). TRAM e 

TIRAP são moléculas adaptadoras utilizadas pelo TLR4 para recrutar TRIF e pelos TLRs 2 e 4 

para recrutar MyD88, respectivamente (Satoh; Akira, 2016; Takeda; Akira, 2004).  

Assim, a sinalização dos TLRs (Figura 3) pode ser classificada de duas formas: via 

dependente de MyD88 (via canônica) para a produção de citocinas inflamatórias e via 

dependente de TRIF (via não-canônica) para a produção de interferons tipo 1 e citocinas 

inflamatórias (Satoh; Akira, 2016; Duan et al., 2022). TLR4 é o único receptor que utiliza as 

quatro moléculas adaptadoras (MyD88, TRIF, TIRAP e TRAM) para desencadear sua 

sinalização podendo ser tanto a via canônica como a não-canônica (Akira; Takeda, 2004). 

A ativação de TLR4 em macrófagos resulta na produção de várias citocinas 

inflamatórias diferentes que interferem no crescimento tumoral. A sinalização de TLR4 induz 

a produção de interferon (IFN) que têm efeitos antitumorais por indução do ligante indutor de 

apoptose relacionado ao TNF (TRAIL), um potente indutor de morte de células tumorais (Luo 

et al., 2004). Shankaran et al., (2001) mostraram que a função supressora tumoral do sistema 
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imune depende criticamente das ações de IFN-γ, as quais, pelo menos em parte, são 

direcionadas para regular a imunogenicidade de células tumorais. IFN-γ estimula várias vias 

antiproliferativas e tumoricidas em macrófagos e em linhagens de células tumorais, bem como 

possui um profundo impacto no crescimento de tumores sólidos e metástases e aparentemente 

desempenha um papel precoce na proteção contra metástases (Alshaker & Matalka, 2011; Li et 

al., 2007; Martini et al., 2010; Tate et al., 2012). 

 

Figura 3. Sinalização dos Receptores Toll like. TLR5, TLR4 e os heterodímeros TLR2–TLR1 e 

TLR2–TLR6 reconhecem componentes da membrana de patógenos enquanto TLR3, TLR7–TLR8 e 

TLR9, localizados nos endossomos, reconhecem ácidos nucleicos. TLR4 localiza-se na membrana, mas 

é endocitado em endossomos após ativação. A sinalização é iniciada através da dimerização e interação 

do domínio TIR dos receptores com TIRAP e MyD88 (ou diretamente com MyD88) ou com TRAM e 

TRIF (ou diretamente com TRIF). A sinalização desencadeada por TLR4 muda de MyD88-dependente 

para TRIF-dependente quando o receptor se encontra em compartimento intracelular. O envolvimento 

de MyD88 desencadeia uma cascata de reação envolvendo IRAK4, IRAK1/2, TRAF6 e ativação do 

complexo TAK1. TAK1 ativado fosforila e ativa o complexo canônico IKK que leva à ativação de NF-

kB ou também ativa as MAPKs (MKK4/7 e MKK3/6) que, por sua vez, ativam JNK e p38. As vias 

MAPKs ativam importantes fatores de transcrição como CREB e AP1, os quais auxiliam NF-kB a 

promover indução das citocinas pro-inflamatórias. O envolvimento de TRIF recruta TRAF6 e TRAF3, 
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e depois RIP1, ativa os complexos TAK1 e IKK, levando a ativação de NF-kB e MAPKs. TRIF também 

promove ativação de TBK1 e IKKϵ (ou IKKi) (dependente de TRAF3) o que posteriormente, fosforila 

e ativa IRF3. Na sinalização de TLR7, TLR8 e TLR9, IRF7 pode ser ativado diretamente por IRAK1 e 

IKKϵ. Ativação de IRF3 e IRF7 leva à indução de IFNs tipo I (Duan et al., 2022). 

 

 

Os tumores de bexiga urinária, especialmente o CBNMI, mostraram expressão 

diminuída de TLRs (Ayari et al., 2011; Stopiglia et al., 2015). A imunoterapia com BCG 

mediada por TLRs para o tratamento do CBNMI constitui uma estratégia bem-sucedida para 

este tipo de tumor. Infiltração linfocítica local e produção de citocinas inflamatórias foram 

encontradas na parede da bexiga urinária da maioria dos pacientes que receberam BCG 

intravesical, resultando em uma complexa resposta imune local (Sander et al., 1996; Yu et al., 

2007). O ligante indutor de apoptose relacionado ao TNF (TRAIL) é produzido a partir de 

neutrófilos polimorfonucleares (PMNs) através da estimulação de TLR2 por BCG (Steinberg 

et al., 2011). Garcia et al. (2016) demonstraram em experimentos com ratos induzidos para o 

CBNMI que a imunoterapia intravesical com BCG aumentou os níveis proteicos de TLR2 e 

TLR4, com consequente aumento dos níveis de MyD88, IKKα e NF-kB, resultando no aumento 

de IL-6 e TNF-α. Esses mesmos autores concluíram que a ativação do sistema imune local 

através do tratamento intravesical com BCG, via MyD88, foi essencial para reduzir a 

progressão tumoral nesses animais.  

Em humanos, TLR2, TLR3, TLR4 e TLR5 são expressos fortemente no epitélio de 

superfície do ovário e esse padrão de expressão é relacionado com a proteção contra infecções 

principalmente bacterianas e reflete também o papel fisiológico desses receptores na reparação 

tecidual após a ovocitação (Zhou et al., 2009). As células epiteliais das tubas uterinas também 

expressam TLRs (1-10), principalmente nas células ciliadas, onde a estimulação com agonistas 

de TLR2, TLR3, TLR5, TLR7 e TLR9 induziu a secreção de citocinas pró-inflamatórias como 

interleucina 6 e 8 (IL-6 e IL-8) (Amjad et al., 2018). Em células tumorais do CO, foi encontrada 

expressão de TLR3, 4, 5 e 9 (Dajon et al., 2017) e altos níveis de determinados TLRs em células 

do CO podem estar associados à progressão do câncer, metástase, resistência ao tratamento e 

prognóstico ruim devido ao recrutamento de citocinas e indução de quimiocinas de leucócitos 

imunossupressores e pró-angiogênicos para o local do tumor (Kelly et al., 2006; Berger et al., 

2010). Block et al. (2018) mostraram que a forte expressão de MyD88 é relacionada com menor 

sobrevida em pacientes com carcinoma ovariano seroso de alto grau, porém a maior expressão 
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de TLR4 e MyD88 é associada com uma maior taxa de sobrevida em pacientes com carcinoma 

ovariano seroso de baixo grau.  

A modulação da sinalização de TLR pode ter efeitos antitumorais ou pró-tumorais, 

dependendo do TLR, do subtipo de câncer e das células imunes que se infiltram no tumor 

(Dajon et al., 2017). Em geral, a expressão de TLR em células tumorais resulta em 

imunossupressão, resistência à quimioterapia e crescimento tumoral, enquanto a expressão em 

células imunes facilita um microambiente inflamatório antitumoral e aumenta a resposta imune 

contra tumores mediada por células (Muccioli; Benencia, 2014; Zhou et al., 2009). Dessa forma, 

as pesquisas sobre a atividade dos TLRs na progressão do CO indicam que tanto a inibição de 

certos TLRs em células cancerígenas ou a estimulação de TLR em células imunes podem 

funcionar como estratégicas terapêuticas (Muccioli; Benencia, 2014). Em células imunes, como 

macrófagos e células dendríticas, após o reconhecimento de PAMP pelos TLRs, ocorre uma 

resposta imune que pode desencadear uma mudança no perfil inflamatório, diminuindo a 

imunossupressão, aumentando a capacidade das APCs e facilitando a ativação de células T 

(células NK e CTLs) que podem combater os tumores (Muccioli; Benencia, 2014). Efeitos 

antitumorais da sinalização de TLR, tais como a produção do fator de necrose tumoral alfa 

(TNFα), aumento da atividade de células NK e neutrófilos e aumento da infiltração linfocitária 

foram relatados em estudos in vitro e in vivo com ligantes TLR (Zhou et al., 2009). 

Compostos que são capazes de agir como agonistas dos Toll-like Receptors (TLRs) 

podem representar candidatos promissores a serem desenvolvidos como medicamentos contra 

o câncer (Husseinzadeh; Davenport, 2014). Considerando a imunossupressão do 

microambiente tumoral, a estimulação da resposta imune efetiva contra as células cancerígenas 

é uma estratégia terapêutica e a ativação de TLRs com agonistas pode influenciar a progressão 

do tumor através da resposta imune adaptativa e expressão gênica relacionada com mediadores 

inflamatórios (Chuffa et al., 2018). Adams et al. (2005) descreveram pela primeira vez os 

benefícios da utilização de agonistas de TLR3 no CO em estágio avançado. Outros estudos com 

uso dos agonistas de TLRs conjuntamente com outros agentes imunoestimulantes como vacinas 

(Morse et al., 2011) ou quimioterapia (Chuffa et al., 2018) mostraram resultados promissores 

da estimulação de TLR no CO. A estimulação com agonistas de TLR3 e CD40 aumentou a 

secreção de IL-12 e IFN tipo I, melhorou a capacidade de processamento de antígenos e 

capacidade migratória das células dendríticas em amostras de CO de camundongas e humanos 

(Scarlett et al., 2009). Pesquisas com agonistas de TLR8 em humanos (Lu et al., 2012) e de 
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TLR9 em murinos (Chuang et al., 2009; Cesare et al., 2008) demonstraram o aumento da 

atividade da imunidade inata contra o CO através do aumento da atividade das células NK. 

O P-MAPA (agregado polimétrico anidrídico fosfolinoleato-palmitoleato de 

magnésio e amônio proteico, desenvolvido pela Farmabrasilis) é capaz de atuar como agonista 

de TLR2 e TLR4 e desencadear efeitos antitumorais (Fávaro et al., 2012). A combinação de 

imunoterapia com P-MAPA e cisplatina em ratas com câncer de bexiga não-músculo invasivo 

(CBNMI) induzido foi eficaz na redução das lesões neoplásicas e não houve antagonismo entre 

as drogas (Dias et al., 2016). Além disso, o P-MAPA estimula a via de sinalização dos 

interferons (TRIF-dependente), que foi eficaz no tratamento do CBNMI em modelos animais 

(Garcia et al., 2016). No CO, o P-MAPA induziu a expressão de genes inflamatórios mediados 

por TLR4 via MyD88 e TRIF-dependente e potencializou os efeitos da cisplatina na sinalização 

TLR, sendo a terapia com P-MAPA associado à cisplatina mais efetiva na redução dos tumores 

e adesões peritoneais do que os tratamentos isolados (Chuffa et al., 2018). 

1.3.2. O papel dos Checkpoints imunológicos na imunidade antitumoral 

O início da resposta imune adaptativa requer dois sinais, o primeiro via 

apresentação de antígenos envolvendo o complexo principal de histocompatibilidade (MHC) e 

o receptor de células T (Sinal 1), e o segundo via co-estimulação de CD28 com B7 (CD80 ou 

CD86) (Sinal 2) (Taube et al., 2018). Uma vez que uma resposta imune é iniciada, a duração e 

a amplitude da resposta são moduladas por diferentes pontos de checagem (checkpoints). Um 

deles é o CTLA-4 (antígeno 4 associado a linfócito T citotóxico), que possui maior afinidade 

pelas moléculas B7 em relação ao CD28. O CTLA-4 é suprarregulado 48h após a ativação das 

células T e leva à atenuação da resposta imune na fase inicial, verificando a ativação precoce 

de células T naive e de memória via sinalização dominante negativa (Taube et al., 2018). Outro 

importante ponto de checagem é a via de morte programada-1 (PD-1) / ligante de morte 

programada-1 (PD-L1), que atua nos tecidos periféricos na fase efetora da resposta imune 

(Taube et al., 2018). Acredita-se que seu papel seja suprimir a resposta imune e evitar possíveis 

danos autoimunes após exposição de antígenos a longo prazo, como durante infecções virais 

crônicas (Taube et al., 2018). 

O ponto de checagem PD-1/ PD-L1 é de particular interesse, pois os tumores podem 

cooptar este caminho para atenuar a resposta imune do hospedeiro no microambiente tumoral 

(Taube et al., 2018). A resistência à imunidade adaptativa mediada por PD-L1 foi descrita pela 

primeira vez no melanoma (Taube et al., 2012). Neste mecanismo, a vigilância das células T 



40 
 

reconhece os neoantígenos tumorais como estranhos e se torna ativada, regulando 

positivamente o PD-1 e secretando IFN-γ (Taube et al., 2018). Em resposta ao IFN-γ, as células 

tumorais e as células imunes no microambiente tumoral expressam PD-L1. O PD-L1 então liga-

se ao PD-1, que é altamente expresso nos TILs, e inativa as células T de vigilância (Taube et 

al., 2012; 2018). Dessa forma, células tumorais que expressam FOXP3 podem ativar a 

transcrição de PD-L1 e inibir diretamente a atividade de células T CD8+ no microambiente 

tumoral, além da inibição indireta pelo recrutamento de mais células Tregs FOXP3+ que 

também inibem as células T efetoras através da secreção de TGF-β, IL-10, IL-35 e moléculas 

citolíticas (Wang et al., 2022). 

O PD-1 é expresso em diversas células imunológicas incluindo também os 

linfócitos B e células NK e o bloqueio terapêutico dessa via também pode influenciar a ação 

dessas células (Postow et al., 2015). Imunoterapias que tem como alvo esses checkpoints 

funcionam bloqueando os inibidores imunológicos como CTLA-4 e PD-1/ PD-L1, permitindo 

que a resposta imune do paciente atue na eliminação do tumor, o que leva à melhora na 

sobrevida mesmo em casos de cânceres avançados (Taube et al., 2018). Em 2011, o primeiro 

inibidor de checkpoint foi aprovado pela FDA (Food and Drug Administration): o Ipilimumab 

(anti-CTLA-4) para pacientes com melanoma e, em 2014, o Nivolumab e o Pembrolizumab 

(ambos anti PD-1) também foram aprovados. Em 2015, os agentes anti-PD-1/ PD-L1 para 

outros tipos de cânceres foram aprovados pela primeira vez (Taube et al., 2018). 

Quando a expressão de PD-L1 tanto na célula tumoral quanto na célula imune foi 

avaliada como potenciais biomarcadores de resposta à terapia no carcinoma urotelial, os 

pesquisadores descobriram que a expressão de PD-L1 na célula imune é mais preditiva da 

resposta à inibição da sinalização PD1/ PD-L1 do que a expressão de PD-L1 na célula tumoral 

(Rosenberg et al., 2016). Tal fato pode ser explicado pela existência de um componente da 

expressão constitutiva de PD-L1 nas células tumorais, como tem sido relatado em tumores que 

surgem do epitélio do tipo escamoso (Malm et al., 2015). Mais recentemente, o sucesso da 

terapia de bloqueio PD-1/ PD-L1 no carcinoma urotelial levou à aprovação do FDA para certas 

condições clínicas desse tipo de tumor (Taube et al., 2018). 

Uma evidência de que a expressão de PDL-1 em células tumorais suprime a 

resposta antitumoral já foi descrita também para o câncer de ovário por Hamanishi et al., (2007), 

os quais observaram uma correlação inversa entre a contagem de linfócitos T CD8+ 

intraepiteliais e a expressão de PDL-1 nas células tumorais. Além disso, um pior prognóstico 

foi associado significativamente com pacientes que apresentaram maior expressão de PDL-1 
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nas células tumorais ovarianas (Hamanishi et al., 2007). Maiores níveis de PDL-1 em monócitos 

no líquido ascitíco e sangue foram encontrados em pacientes com CO epitelial do que em 

pacientes com tumores de ovário benignos ou limítrofes (Maine et al., 2014).  

Em ensaios publicados com pacientes de CO epitelial recidivado, resistentes à 

platina e tratados unicamente com inibidores de checkpoints, a taxa de resposta total não 

excedeu 15%, sugerindo que associações de estratégicas terapêuticas seriam mais eficientes tais 

como o tratamento com anticorpos anti CTLA-4 e inibidores de PARP, combinação efetiva em 

modelos animais de CO (Mittica et al., Higuchi et al., 2016) ou a associação de inibidores como 

Ipilimumab e Nivolumab que acarretaram em uma resposta de 34% em pacientes com CO 

epitelial e resistentes à platina (Burger et al., 2018). A terapêutica de bloqueio de checkpoints, 

no entanto, não atua somente sobre a resposta imune específica contra o tumor, mas também 

efeitos adversos podem decorrer da ativação inespecífica como eventos dermatológicos, 

gastrointestinais, hepáticos, endócrinos ou outros inflamatórios mais raros, embora a toxicidade 

seja inferior aos tratamentos oncológicos convencionais como quimioterapia e radioterapia 

(Postow et al., 2015). 

1.3.3. Vias de sinalização associadas à resposta imune: STAT/JAK1/JAK2 e 

RANK/RANKL/OPG 

A via STAT/JAK-1/JAK-2 é uma importante via de sinalização celular, atuante no 

desenvolvimento e diferenciação celular, em especial do sistema imunológico, promovendo a 

transdução de sinais de citocinas, interleucinas e fatores de crescimento (Tefferi, 2008). Estes 

fatores interagem com receptores transmembrana constitutivamente associados a proteínas 

Janus Quinases (JAKs). Estas são convertidas em uma forma ativa no momento da interação 

ligante-receptor e fosforilam resíduos tirosina na região citoplasmática do receptor, criando 

sítios para a fosforilação dos chamados Transdutores de Sinal e Ativadores de Transcrição 

(STATs), que ao formarem dímeros ativos, acumulam-se no núcleo e ligam-se ao DNA, 

modulando a expressão de genes relacionados ao ciclo celular (Rawlings et al., 2004).   

O papel desta via na oncogênese é ainda objeto de discussão, sendo encontradas 

alterações no nível de JAKs em alguns tipos de câncer, como tumores epiteliais ovarianos e 

adenocarcinoma gástrico. Além disso, mutações ativadoras de STAT foram encontradas em 

40% dos casos de leucemia linfocítica granular. Baixos níveis de inibidores da atividade de 

STATs foram encontrados em glioblastomas, provocando aumento da expressão proteica 

(Rawlings et al., 2004). Atividades antitumorais mediadas por IFN-γ são intermedidas por 
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STAT1 e STAT2, enquanto STAT3 tem sido relacionado com imunossupressão e 

sobrevivência das células tumorais inclusive em tumores da bexiga urinária (Owen et al., 2019; 

Brooks; Putoczki, 2020). A via STAT/JAK-1/JAK-2 é uma das vias envolvidas na regulação 

da expressão de PD-L1 induzida por IFN-γ (Mimura et al., 2018). 

A via de sinalização RANK/RANKL/OPG é assim denominada em referência aos 

seus componentes chave: O Receptor Ativador de NF-κB (RANK), uma proteína 

transmembrana; seu ligante (RANKL) e o receptor Osteoprotegerina (OPG) que atuam na 

regulação do metabolismo ósseo, permitindo o crescimento e diferenciação de osteoclastos e a 

reabsorção óssea (Cheng; Fong, 2014). O OPG produzido pelos osteoblastos e células estromais 

atua como um receptor para o RANKL solúvel e, portanto, impede a diferenciação e ativação 

dos osteoclastos ao interferir na interação entre RANKL e RANK. Curiosamente, essa via de 

sinalização é também atuante no sistema imunológico, incluindo o desenvolvimento dos 

linfonodos, diferenciação de linfócitos, sobrevivência de células dendríticas, ativação de células 

T e indução de tolerância (Cheng; Fong, 2014). Em experimentos com ratos RANK/RANKL 

knockout, não houve desenvolvimento dos linfonodos (Kong et al., 1999). Além disso, células 

T CD4+ e CD8+ expressam RANKL após ativação e essa expressão está conectada à 

sobrevivência através de mecanismos anti-apoptóticos de células dendríticas as quais 

expressam RANK (Groot et al., 2017).  

A relação da via RANK/RANKL/OPG com a carcinogênese se dá de várias 

maneiras. É bem descrito o envolvimento dessa via no processo metastático para o osso, por 

meio de um feedback recíproco entre proliferação tumoral e reabsorção óssea (Groot et al., 

2017). Por outro lado, o sistema RANK/RANKL também apresenta efeitos na carcinogênese 

independente dos osteoclastos, visto que RANK e RANKL são expressos por células tumorais 

como no câncer renal, melanoma, próstata, mama e no CO, utilizando essa expressão em 

vantagem para sobrevivência e migração (Cheng; Fong, 2014; Renema et al., 2016). Essa via 

está ligada aos estágios iniciais de formação do câncer e metástase (Renema et al., 2016) e a 

expressão de RANK/RANKL em células tumorais é correlacionada com a progressão tumoral 

e metástase no câncer de mama (Cheng; Fong, 2014). A expressão de RANK também é maior 

no câncer de bexiga em comparação com o urotélio saudável (Mass et al., 2022). Da mesma 

forma, os níveis de OPG sérico em pacientes com câncer de bexiga são maiores 

comparativamente a humanos saudáveis e se correlacionam com um maior estágio e grau do 

tumor (Mizutani et al., 2004). 
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RANKL é envolvido na carcinogênese da mama relacionada com a progesterona 

(Hu et al., 2014; Tanos et al., 2013) e a sinalização RANK/RANKL atua nos tumores mamários 

relacionados com mutações BRCA1 (Sigl et al., 2016). Mutações no gene BRCA1 são 

implicadas não somente no câncer de mama como também no CO que, apesar de ser uma 

entidade clínica distinta, recentes evidências sobrepõem alterações genéticas e epigenéticas 

comuns às duas síndromes (Longacre et al., 2016). Células epiteliais e estromais de CO 

expressam RANK, RANKL e OPG, e RANKL tem expressão elevada nas células tumorais 

especialmente oriundas de tumores com mutações em BRCA1/2 e essa expressão foi 

correlacionada significativamente com uma menor sobrevida em pacientes (Weiser et al., 

2019). A inibição de RANKL culmina em efeitos antitumorais, bloqueando os efeitos diretos 

de RANKL nas células tumorais que expressam RANK (Groot et al., 2017) como também pode 

tornar mais efetivo o tratamento com inibidores de checkpoints quando associados (Van Dam 

et al., 2019). 

O estabelecimento de um ambiente favorável para o desenvolvimento das células 

tumorais ocorre também através da acumulação de macrófagos associados a tumores, que 

expressam RANK e através da sinalização por RANKL alteram a resposta imune, induzindo a 

angiogênese (Renema et al., 2016). Este fenômeno é exacerbado pelo VEGF, que é 

frequentemente secretado pelas células tumorais e regula positivamente a expressão de RANK 

das células endoteliais (Min et al., 2007). A sinalização de RANK/RANKL nos macrófagos de 

perfil M2 induz a produção de quimiocinas, promovendo a proliferação de linfócitos Treg 

contribuindo para um microambiente imunossuprimido (Fujimura et al., 2015). Células Tregs 

CD4+CD25+FOXP3+ infiltradas no tumor são associadas com fenótipos mais agressivos de 

câncer de mama as quais também são uma fonte importante de produção de RANKL (Cheng; 

Fong, 2014). Wieser et al. (2019) demonstraram o envolvimento da sinalização de RANK na 

imunopatogênese do CO, no qual citocinas pró inflamatórias como IL-1β e TNFα induzem 

expressão de RANK e OPG nas células tumorais. 

 

1.4. MRB-CFI-1 (Modulador de Resposta Biológica – Complexo Fosfato Inorgânico I) ou 

OncoTherad®: Uma nova nano-imunoterapia para o tratamento do câncer de bexiga e 

potencial no câncer no ovário 

A nanoterapia é uma nova estratégia para o tratamento de neoplasias, na qual 

nanopartículas podem ser sintetizadas como agentes citotóxicos ou podem funcionar como 

carreadoras de reagentes imunomoduladores (Cubillos-Ruizet al., 2010). O magnésio e o 
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amônio quando associados ao fosfato configuram estratégias para o tratamento do câncer, seja 

de forma macro ou nanoestruturada (Durán; Fávaro, 2018). A literatura especializada tem 

demonstrado que a administração intratumoral de determinados compostos de fosfato ativam o 

sistema imune no microambiente tumoral, levando a uma importante regressão do tumor 

(Corrales et al., 2015; Shirota et al., 2012). Shirota et al.  (2012) demonstraram que a 

administração intratumoral de oligonucleotídeos CpG (CpG-ODN) reduz a atividade 

imunossupressora de MDSCs, visto que as MDSC monocíticas do microambiente tumoral 

expressaram TLR9 e responderam à estimulação de CpG por intermédio da perda de sua 

capacidade supressora da função das células T, pela produção de citocinas Th1 e pela sua 

diferenciação em macrófagos com capacidade tumoricida, contribuindo para a regressão 

tumoral.  

Similarmente, Corrales et al.  (2015) demonstraram que a administração 

intratumoral de derivados dinucleotídeos cíclicos sintéticos ativou o fator estimulador do 

complexo de genes de interferon (STING), induzindo uma significativa regressão de tumores 

estabelecidos em camundongos, bem como uma reposta imune sistêmica capaz de reduzir e 

eliminar as metástases à distância e promover uma memória imunológica de longa duração. 

Inclusive em tumores ovarianos, oligodesoxinucleotídeos CpG (ligantes sintéticos de TLR9) 

associados com o peptídeo LL-37 promoveram efeitos antitumorais e melhoraram a 

sobrevivência de camundongas com CO, principalmente através do aumento da proliferação e 

ativação de células NK no peritônio dos animais (Chuang et al., 2009). 

Considerando a importância do desenvolvimento de fármacos que atuem como 

agonistas dos TLRs, o laboratório de Carcinogênese Urogenital e Imunoterapia - LCURGIM 

(Instituto de Biologia – UNICAMP), liderado pelo professor Dr. Wagner José Fávaro, em 

parceria com o NANOBIOSS (Instituto de Química – UNICAMP), liderado pelo Prof. Nelson 

Duran, desenvolveu um composto sintético com propriedades antitumorais e imunológicas 

denominado Modificador de Resposta Biológica – Complexo Fosfato Inorgânico 1 (MRB-CFI-

1) ou OncoTherad®. O OncoTherad® é um composto nanométrico de fosfato e sais metálicos 

associado a uma proteína glicosídica, com tamanho de 477,1 ± 127,1 nm e fórmula química: 

C14NO8Mg2(PO4)2 (Fávaro et al., 2023). O nanofármaco possui patente depositada no Brasil 

(BR1020170127680) pela agência de inovação INOVA – UNICAMP no Instituto Nacional da 

Propriedade Industrial (INPI) (Fávaro; Duran, 2017) e na Europa no European Patent Office 

(WO2018227261), as quais estão em fases avançadas de análise. A patente americana já foi 
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concedida nos Estados Unidos pelo United States Patent and Trademark Office (USPTO) 

(US20200156951A1).  

O OncoTherad® atua como um Modificador de Resposta Biológica, 

desencadeando a estimulação do sistema imune através da fosforilação de aminoácidos 

hidroxilados como serina, treonina e tirosina por compostos que apresentam sais de fosfato 

(Fávaro; Durán, 2017). Além disso, o OncoTherad® promove a ativação local do sistema imune 

no microambiente tumoral e um efeito antitumoral principalmente devido às induções de IFN 

(Fávaro; Durán, 2017; Fávaro et al., 2019). 

Para verificar a capacidade de ativação local do sistema imune, a administração 

intraperitoneal do OncoTherad® foi avaliada em ratas Fischer 344. As análises macroscópicas 

dos peritônios revelaram que os animais tratados com o OncoTherad® apresentaram sinais 

intensos de inflamação peritoneal tais como rubor, aumento da vascularização, pontos 

hemorrágicos e pequenos aglomerados de cristais de fosfatos na cavidade abdominal (Fávaro; 

Durán, 2017). Pela via intravesical, diferentes doses promoveram inflamação dose-dependente 

na bexiga, ureteres e rins de ratos, camundongas e coelhos, mas não mostrou sinais de 

genotoxicidade, hepatotoxicidade e nefrotoxicidade, nem alterou nenhum parâmetro 

bioquímico nas três doses testadas (20 mg/kg, 50 mg/kg e 100 mg/kg) (Fávaro; Durán, 2017; 

Durán et al., 2019; Fávaro et al., 2023). Tais resultados pré-clínicos revelaram que o composto 

OncoTherad® foi capaz de induzir a resposta inflamatória local, o que justifica sua classificação 

como um imunomodulador. 

O potencial antitumoral e imunomodulatório do OncoTherad® (MRB-CFI-1) em 

ratas Fischer 334 induzidas quimicamente ao CBNMI foram demostrados pela capacidade de 

impedir a progressão tumoral e recuperação histológica da bexiga urinária em torno de 70% 

dos animais (Durán et al., 2019; Fávaro et al., 2019; Fávaro et al., 2023). Em relação à atividade 

imunomodulatória, o OncoTherad® levou à ativação distinta do sistema imune inato mediada 

por TLRs 2 e 4 (Durán et al., 2019), resultando no aumento da via de sinalização para interferon 

(TLR4, TRIF, TBK1, IRF3, INF-γ) e iNOS, a qual está relacionada com a maior eficácia desse 

nanocomposto no tratamento do CBNMI (Fávaro; Durán, 2017; Fávaro et al., 2019; Fávaro et 

al., 2023). Em modelo de CBNMI em camundongas C57Bl/6J, o uso do OncoTherad® levou a 

uma inibição da progressão tumoral superior ao uso de BCG, o que esteve relacionado com a 

estimulação da via não canônica através de TLR4 enquanto BCG estimulou apenas a via 

canônica via TLR2 (Reis et al., 2022a). Além disso, em experimentos realizados em roedores, 

o OncoTherad® foi capaz de diminuir a expressão do sistema RANK/RANKL e, 
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consequentemente impedir a formação de metástases e/ ou impedir a progressão das mesmas, 

além de reduzir os níveis do checkpoint PD-1/PD-L1 (Fávaro et al., 2019; Reis et a., 2022b; 

Fávaro et al., 2023). Em consequência, níveis da proteína Bax foram aumentados e de Bcl-2 

diminuíram após o tratamento com o OncoTherad®, indicando uma maior atividade apoptótica 

e menor proliferativa (Fávaro et al., 2023). 

Após os resultados de segurança e eficácia em estudos pré-clínicos, foi 

desenvolvido um ensaio clínico-veterinário em cães com câncer de bexiga espontâneo. Os 

animais receberam uma aplicação semanal por seis semanas consecutivas de OncoTherad® 

pelas vias intravesical (44 mg/ml) e intramuscular (22 mg/ml); depois uma aplicação quinzenal 

(intravesical e intramuscular) por 6 meses e uma aplicação mensal (intravesical e intramuscular) 

por mais 6 meses, totalizando 24 aplicações. Após as seis primeiras aplicações de 

OncoTherad®, a massa tumoral reduziu cerca de 62,34% e no final da 24ª, a redução foi de 

84,54% de seu volume em relação ao ultrassom inicial. Ao final da 24ª instilação, 100% dos 

pacientes apresentaram remissão parcial da doença e a taxa de sobrevida livre de recidiva/ 

progressão foi de 100% ao longo dos 402 dias do ensaio. Ainda, o tratamento com 

OncoTherad® não apresentou sinais de toxicidade sistêmica nas doses terapêuticas propostas 

(Böckelmann et al., 2017). 

Após os resultados promissores em cães, a segurança do OncoTherad® foi 

observada no uso compassivo em seres humanos. O ensaio clínico (RBR-6swqd2) fase I/II de 

braço único contou com vinte e nove pacientes (18 homens, 11 mulheres) com CBNMI de alto 

grau refratário e/ ou recidivante (≥ 1 curso anterior de terapia intravesical com onco-BCG). Os 

pacientes receberam uma aplicação semanal por seis semanas consecutivas de OncoTherad® 

pelas vias intravesical (120 mg/ml) e intramuscular (25 mg/ml); depois uma aplicação quinzenal 

(intravesical e intramuscular) por 3 meses e uma aplicação mensal (intravesical e intramuscular) 

até completar 24 meses de tratamento. O acompanhamento foi realizado com mapeamento 

sistemático de biópsias da bexiga, cistoscopia e ultrassonografia. O desfecho primário foi a 

resposta patológica completa (RPC) e a sobrevida livre de recorrência (SLR). A recorrência foi 

definida como recidiva tumoral comprovada histologicamente (qualquer grau) e monitorada em 

intervalos de 3 meses. A idade média dos 29 pacientes foi de 64 anos, variando de 34 a 94 anos. 

No início do estudo, pTis, pTaG2-3, pT1G2-3 ocorreram em 10%, 59% e 31% dos pacientes, 

respectivamente. O tratamento com o OncoTherad® levou a taxas de RPC (IC 95%) de 100% 

em 3, 6 e 9 meses e de 89,6% (26/29) em 12 e 24 meses. A taxa de SLR de 24 meses em todos 

os pacientes foi de 79,3%. Além disso, o tempo médio para a recorrência da doença para os 
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pacientes foi de 459 dias (15,3 meses; IC 95%) em 24 meses de acompanhamento. Os eventos 

adversos relacionados ao tratamento foram em sua maioria (95%) de Grau 1 ou 2, sendo os 

mais comumente relatados: disúria (51,7%), cistite (34,5%), prurido (44,8%), erupção cutânea 

(27,6 %), artralgia (27,6%) e fadiga (27,6%) (Fávaro et al., 2019a; Alonso et al., 2020). 

Considerando que o CO apresenta a maior letalidade dentre os cânceres 

ginecológicos e que não houve nenhuma redução substancial na taxa de mortalidade nas últimas 

décadas, há uma necessidade urgente do desenvolvimento de novas abordagens de tratamento 

eficazes (Adams et al., 2005; Lavoué et al., 2013; Muccioli; Bernencia, 2014). Em face do papel 

estratégico dos imunoterápicos e dos avanços da nanotecnologia para produção de novas 

moléculas com atividade farmacológica, destacam-se os compostos que atuam como agonistas 

dos TLRs, os quais representam candidatos promissores contra o câncer. Atualmente há 

diferentes exemplos dos benefícios da ativação dos TLRs em células imunes inclusive no 

microambiente de tumores ovarianos (Muccioli; Bernencia, 2014). O CO exibe metástase na 

cavidade peritoneal, apontando para o uso da via intraperitoneal como um excelente alvo para 

imunoterapias localizadas (Lengyel et al., 2010). Sendo assim, os efeitos antitumorais e 

imunomodulatórios do OncoTherad® (MRB-CFI-1) são promissores e atentam para análises 

em outros tipos de câncer que também estabelecem estado de imunossupressão no 

microambiente tumoral, tais como o câncer de ovário. 

 

1.5.Associações Terapêuticas 

1.5.1. Plasma Rico em Plaquetas (PRP) como potencial agente na resposta 

antitumoral 

As plaquetas são fragmento celulares anucleados derivados de megacariócitos 

encontradas no sangue periférico (Foster et al, 2009; Ribatti; Crivellato, 2007). Além de 

desempenharem um papel crucial na hemostasia - resposta fisiológica frente a danos em vasos 

sanguíneos que mantém a integridade do fluxo vascular e o controle da hemorragia e trombose 

- as plaquetas também estão implicadas em outros processos fisiológicos como inflamação e 

cicatrização de feridas (Nurden, 2011). Após uma lesão vascular, as plaquetas se aderem à 

matriz extracelular exposta, resultando na ativação e agregação plaquetária para formação do 

tampão plaquetário (Bross et al., 2011). Fatores de coagulação se agregam na superfície pró-

coagulante das plaquetas ativadas e asseguram a estabilização do tampão hemostático através 

da formação de uma malha de fibrina reticulada, obtida da conversão do fibrinogênio pela 



48 
 

trombina (Bross et al., 2011). Quando as plaquetas são ativadas, ocorre a degranulação de 

grânulos alfa e liberação de fatores de crescimento (FC) os quais se ligam à superfície das 

membranas celulares e ativam a hemostasia por sinalização celular, contribuindo para a 

regeneração de tecidos a partir da angiogênese e aumento das propriedades quimiotáticas e 

mitóticas das células indiferenciadas (Anitua et al, 2013; Küçük et al, 2014).  

O plasma rico em plaquetas (PRP) é um produto biológico obtido por centrifugação 

do sangue periférico, obtendo-se uma concentração de plaquetas mais alta em comparação com 

os valores basais (Luzo et al., 2023). A partir da centrifugação do sangue total, um preparado 

de PRP contém uma alta concentração de plaquetas e, consequentemente, de FC que podem 

auxiliar na regeneração de tecidos variados como ossos, tendões, músculos (Küçük et al, 2014). 

Dentre os FC plaquetários destacam-se: o fator de crescimento derivado de plaquetas (PDGF), 

fator de crescimento de transformação β (TGF- β), fator de crescimento de insulina 1 (IGF-1), 

fator de crescimento de fibroblastos (FGF) e fator de crescimento endotelial vascular (VEGF) 

(Küçük et al, 2014; Naderi et al, 2020). Devido aos benefícios relacionados, o PRP tem sido 

empregado em muitas terapias regenerativas nas áreas da medicina, cirurgia, estética, 

odontologia, biologia molecular e celular e engenharia de biomateriais (Chou et al, 2020; 

Naderi et al, 2020; Vendramim et al, 2006; Luzo et al., 2023). 

Apesar das variações nos métodos de preparação do PRP, de maneira geral os 

protocolos seguem uma sequência genérica que consiste em: 1) coleta do sangue em tubos com 

anticoagulante; 2) centrifugação inicial leve para separação em 3 camadas - uma camada 

superior contendo plaquetas e glóbulos brancos, uma camada intermediária rica em glóbulos 

brancos (buffy coat) e uma camada inferior que consiste principalmente de hemácias e 3) coleta 

do plasma sobrenadante acima da faixa de glóbulos brancos (ou incluindo o buffy coat) e nova 

centrifugação para obtenção das plaquetas concentradas  que corresponde a 1/2 ou 1/3 inferior 

(Dohan Ehrenfest et al, 2009; Perez et al, 2013, Luzo et al., 2023). Com o uso de agonistas ou 

durante a própria centrifugação ocorre a ativação mecânica das plaquetas, liberando os FCs para 

o plasma. A presença de leucócitos remanescentes, devido à densidade ser parecida com a das 

plaquetas, é uma das características que podem ser utilizadas na classificação do tipo de PRP 

obtido (Ubezio et al., 2014; Dohan Ehrenfest et al, 2009; Mishra et al., 2012). As diferenças na 

força e no tempo de centrifugação usados nos diferentes protocolos de preparação do PRP 

resultam em diferenças significativas no rendimento, concentração, pureza, viabilidade e estado 

de ativação das plaquetas, os quais afetam sua aplicabilidade clínica (Harrison et al., 2018). 
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Existem diferentes classificações do PRP de acordo com o protocolo utilizado e o 

produto final obtido o qual pode variar na quantidade de plaquetas, leucócitos e fatores de 

crescimento dependendo da técnica de preparação (Cecerska-Heryć et al., 2022). Dessa forma, 

uma classificação que englobe as características que facilitem a utilização terapêutica do PRP 

é imprescindível para padronização em ensaios clínicos (Luzzo et al., 2023). A classificação da 

International Society on Thrombosis and Haemostasis (ISTH) é uma das mais abrangentes, 

considerando as condições de coleta da amostra (com uso ou não de anticoagulantes), a pureza 

(teor de glóbulos vermelhos ou glóbulos brancos), o número de plaquetas no produto, se as 

plaquetas foram ou não ativadas, ou se o produto foi congelado/descongelado antes do uso 

(Harrison et al., 2018). A classificação de Acebes-Huerta et al., (2020) propôs de forma mais 

aprofundada a consideração dos componentes associados aos eventos adversos (plaquetas 

intactas, glóbulos brancos, hemácias e debris celulares) e se o produto PRP é aplicado fresco, 

ativado ou congelado/descongelado. Por análise proteômica, Lee et al (2020) classificaram 

todas as proteínas do PRP detalhadamente por suas funções (cicatrização de feridas, 

angiogênese relacionada à cicatrização de feridas, migração de fibroblastos, biossíntese de 

colágeno, biossíntese de glicosaminoglicanos, ligação de glicosaminoglicanos e outras), 

seguidas pela identificação de funções potenciais do PRP.  

As plaquetas desempenham um papel ativo na imunidade inata e adaptativa através 

de interações adesivas com leucócitos e células endoteliais via P-selectina, o que pode levar a 

eventos pró-inflamatórios, incluindo ativação de leucócitos, produção de citocinas em cascata 

e recrutamento de leucócitos para locais de lesão tecidual (Semple; Freedman, 2010). Além 

disso, estudos demonstraram que tanto as plaquetas humanas quanto as murinas podem 

expressar TLR2, TLR4 e TLR9 (Semple; Freedman, 2010). A expressão plaquetária do TLR4 

medeia a trombocitopenia induzida por lipopolissacarídeos (LPS) e a produção de TNF-α por 

leucócitos, indicando que esses eventos podem ser responsáveis pela ativação do sistema imune 

inato (Semple; Freedman, 2010). Na doença aterosclerótica, a adesão de plaquetas ativadas ao 

endotélio libera moléculas pró-inflamatórias e citocinas, como IL-1β e CD40L, citocina 

CCL5/RANTES e fator plaquetário 4 (PF4), que são depositadas no endotélio vascular por um 

processo dependente da P-selectina, com consequente recrutamento de monócitos para o local 

da lesão (Semple; Freedman, 2010). Hua et al. (2012) compararam o tratamento convencional 

para ectopia cervical (laser) e um tratamento com aplicação de PRP ativado em gel em 

humanos. Os resultados mostraram eficácia terapêutica idêntica para os dois tratamentos, mas 

o grau de efeitos adversos do grupo PRP foi mais leve. O mecanismo exato do PRP na 
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reepitelização escamosa da ectopia cervical não está bem claro, mas os autores atribuem o efeito 

aos FCs presentes como o PDGF, TGF-β, IGF-1, FGF, VEGF e também à presença de 

leucócitos restantes da obtenção do PRP, que promovem a fagocitose de microrganismos, 

removem tecidos necrosados e inibem a reação inflamatória. 

Nosso grupo de pesquisa investigou o envolvimento do PRP na modulação do 

sistema imune no tratamento do CBNMI quimicamente induzido em ratos (Dias et al., 2018). 

Nossos resultados demonstraram que o tratamento intravesical com PRP isolado ou associado 

ao BCG desencadeou citotoxicidade significativa em células de carcinoma de bexiga (HTB-9). 

Animais tratados com PRP associado ao BCG mostraram melhor recuperação histopatológica 

e diminuição da progressão de lesões neoplásicas uroteliais em 70% dos animais quando 

comparados aos grupos que receberam as terapias administradas isoladamente. Além disso, essa 

associação terapêutica promoveu ativação distinta do sistema imune mediado por TLRs 2 e 4, 

resultando no aumento das imunorreatividades para MyD88, TRIF, IRF3, IFN-γ (Dias et al., 

2018).  

Os grupos fosfato presentes no OncoTherad®, são importantes na prática clínica, 

pois existe uma nítida relação entre alguns fosfatos (Polifosfatos - PolyP) e plaquetas. Os PolyP 

são secretados por plaquetas ativadas ou mastócitos, e desempenham importante atividade pró-

inflamatória (Morrissey, 2012; Morrissey et al., 2012a; Müller et al., 2009). Os PolyP 

desencadeiam a coagulação, aceleram a ativação do fator V, aumentam a estrutura do coágulo 

de fibrina e aceleram a retroativação do fator XI pela trombina. Recentemente, foi descrito que 

PolyP modula a resposta imune inata ao suprimir o complemento, interferindo também na 

complexa relação entre coagulação e imunidade inata mediada por PF4 (Wat et al., 2014). Em 

nossos estudos piloto, análises de caracterizações físico-químicas mostraram haver uma 

importante interação entre as proteínas do PRP e os fosfatos presentes no OncoTherad®, além 

de maior concentração de proteínas após essa interação, possivelmente devido à capacidade do 

componente inorgânico (CFI-1) de induzir a liberação de proteínas pelas plaquetas. Assim, os 

promissores efeitos do PRP e sua potencial associação com grupos fosfato presentes no 

OncoTherad® podem constituir uma importante alternativa terapêutica, principalmente nos 

casos de pacientes não responsivos aos tratamentos convencionais. 

1.5.2. Eritropoietina: além das propriedades hematopoiéticas  

A Eritropoietina (EPO) é uma proteína glicosilada de 34 kDa e 165 aminoácidos 

que desempenha funções como hormônio, citocina e fator de crescimento (Chateauvieux et al., 
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2011). A EPO é produzida majoritariamente pelos rins em adultos e pelo fígado durante o 

período fetal, neonatal e em casos de anemia severa, no entanto células do baço, medula óssea, 

cérebro e pulmão também podem expressar RNA mensageiro de EPO em pequenas quantidades 

(Jelkmann, 2016). O processo de eritropoiese (produção de eritrócitos ou células vermelhas do 

sangue) nos mamíferos requer a presença de EPO que, em condições normais, apresenta 

concentração de 10-11mol/l no plasma sanguíneo que aumenta em condições de hipóxia 

(Jelkmann, 2016). A EPO regula a sobrevivência, proliferação e diferenciação de eritrócitos a 

partir de células tronco hematopoiéticas CD34+ na medula óssea e mantém as concentrações 

de hemoglobina no sangue em níveis normais, visto que a deficiência em sua produção resulta 

em anemia (Jelkmann, 2013). 

 A produção de EPO humana depende da transcrição do gene de EPO (localizado 

no cromossomo 7) e condições como hipóxia e anemia são capazes de induzir sua expressão 

(Chateauvieux et al., 2011; Jelkmann, 2013). A EPO sintetizada interage com os homodímeros 

dos receptores de EPO (EPOR) na superfície de células eritrocíticas, o que estimula a 

eritropoiese através de uma complexa rede de sinais moleculares relacionados com controle da 

diferenciação, proliferação e morte celular (Chateauvieux et al., 2011). Em condições de anemia 

decorrente de doenças inflamatórias crônicas e câncer, citocinas pró-inflamatórias como IL-1β 

e TNF-α causam falha na produção de EPO através dos fatores de transcrição GATA-2 e NF-

kB que podem inibir o promotor do gene de EPO (Chateauvieux et al., 2011).   

O gene humano de EPO foi clonado através da tecnologia de recombinação de 

DNA, tornando possível a produção em larga escala desse recombinante de EPO (rHuEPO) 

como análogos estimulantes de eritropoiese (ESAs), tais como alfaepoetina ou darbepoetina 

alfa, que podem ser utilizadas terapeuticamente em casos de anemia crônica alternativamente 

às transfusões sanguíneas (Cantrell et al., 2011; Jelkmann, 2013). Os ESAs mimetizam a função 

fisiológica e ativam os EPORs nas células eritrocíticas, sendo uma das opções de tratamento 

para atenuar os sintomas de fadiga e da anemia associada ao câncer ou decorrente do próprio 

tratamento com quimioterapia (Chateauvieux et al., 2011; Jelkmann, 2013). Durante o 

tratamento quimioterápico, caso a concentração de hemoglobina do paciente for menor que 100 

g/l pode-se iniciar o tratamento com ESAs, que também pode ser utilizado para pacientes com 

AIDS e em casos específicos em pré e pós operatórios (Jelkmann, 2013). O tratamento da 

anemia leva a um melhor prognóstico por reduzir um dos efeitos colaterais da quimioterapia, 

uma vez que essa complicação subsequente do tratamento leva à exaustão celular dos 
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eritrócitos, piorando a qualidade de vida do paciente e até diminuindo a sensibilidade do tumor 

à radioterapia e quimioterapia (Pronzato, 2006). 

A EPO também apresenta efeitos não hematopoiéticos como a capacidade de 

proteção tecidual contra determinados traumas, toxinas e outros danos hereditários ou não 

hereditários e esse efeito citoprotetor foi relatado principalmente no sistema cardiovascular e 

nervoso (Chateauvieux et al., 2011). Essa proteção é mediada principalmente por inibição da 

apoptose, atividade anti-inflamatória e indução da angiogênese, fatores que evitam o estresse 

tecidual. Os efeitos anti-inflamatórios da EPO foram descritos em diferentes modelos animais, 

através da redução da expressão de citocinas pró-inflamatórias e do processo apoptótico 

(Lombardero et al., 2011). Além disso, o uso de ESAs é associado com aumento no número de 

plaquetas e estimulação de sua ativação (Lombardero et al., 2011; Jelkmann, 2013). 

EPO e EPOR também são expressos em células do cérebro e nos sistemas 

cardiovascular, digestório, endócrino, respiratório e inclusive no genital feminino (útero, tubas 

uterinas e ovário) (Yasuda et al., 2000; Lombardero et al., 2011). O receptor de eritropoetina é 

presente nos folículos ovarianos de vários estágios, incluindo diferentes tipos celulares como o 

ovócito, camada granulosa, teca interna e células luteínicas, onde contribui no processo de 

mudanças cíclicas do sistema genital feminino (Yasuda et al., 2000). A EPO apresenta efeitos 

protetores e antioxidantes também nos ovários de ratas e camundongas, auxiliando nos danos 

aos tecidos causados por isquemia e estresse oxidativo e melhorando a sobrevivência e 

funcionamento folicular (Ergun et al., 2010; Manizheh et al., 2011; Mahmoodi et al., 2014). O 

efeito protetor de EPO também foi relatado em ratas submetidas à quimioterapia com cisplatina, 

sendo capaz de melhorar a função ovariana e prevenir a infertilidade (Sayan et al., 2017). 

 A EPO também pode influenciar mecanismos imunes exercendo um papel 

imunomodulador. Em modelos experimentais murinos, a EPO aumentou resposta imune, 

atuando sobre a atividade dos linfócitos B (Katz et al., 2007), células dendríticas (Lifshitz et 

al., 2009) e macrófagos (Lifshitz et al., 2010). Lifshitz et al. (2010) demostraram em 

camundongos que uma disponibilidade excessiva de EPO resultou no aprimoramento do 

fenótipo pró-inflamatório e da função dos macrófagos peritoneais do baço tanto em estado 

latente como inflamatórios (induzidos). O tratamento in vivo levou a um aumento no número 

de macrófagos esplênicos e dos macrófagos que expressam CD11b, CD80 e MHC classe II. Os 

macrófagos inflamatórios peritoneais obtidos de camundongos tratados com EPO mostraram 

aumento da expressão de F40, CD11b, CD80 e MHC classe II e maior atividade fagocítica 
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(Lifshitz et al., 2010). A EPO foi utilizada até mesmo para estimular linfócitos T em terapia 

celular adotiva (Vinanica et al., 2020).  

A questão crítica e ainda controversa é até que ponto o uso de ESAs pode favorecer 

o crescimento tumoral devido à atividade angiogênica e estimulação de EPOR nas células 

tumorais. Dado que EPOR não é um oncogene, várias pesquisas demonstraram não haver 

vantagens seletivas da superexpressão desse receptor pelas células tumorais (Fandrey, 2008; 

Lombardero et al., 2011). Além disso, determinadas células tumorais carecem da proteína 

funcional EPOR, embora expressem baixos níveis de EPOR RNAm, sendo que a presença 

desses receptores é um dos fatores condicionais para os efeitos colaterais (Jelkmann, 2013).   

Swift et al., (2010) mostraram que o receptor de EPO em mais de 200 linhagens de células 

tumorais humanas não foi induzido ou ativado por tratamento com ESAs. Por outro lado, 

recentemente foi mostrado em cultura de células humanas de adenocarcinoma ovariano que na 

ausência de EPO os EPOR protegem as células cancerígenas da morte celular induzida por 

Tamoxifeno além do tratamento associado com a EPO apresentar maior redução da proliferação 

celular do que o Tamoxifeno isolado (Kimáková et al., 2018). 

A vascularização do tumor apresenta estrutura e função anormais e, em condições 

de fluxo sanguíneo reduzido, ocorre hipóxia especialmente em concentrações baixas de 

hemoglobina (Lombardero et al., 2011). A hipóxia tumoral é um fator em geral associado a 

uma pior sobrevida e, ao mesmo tempo que pode restringir a proliferação celular, estimular 

apoptose e necrose; algumas células podem adaptar-se ao estresse hipóxico através de 

modificações na expressão gênica e adquirir um fenótipo agressivo com facilitação da 

propagação local e à distância pela diminuição da expressão de moléculas de adesão e aquisição 

de resistência à quimioterapia ou radioterapia (Lombardero et al., 2011). Hardee et al. (2005) 

mostraram que a aplicação de rHuEPO em ratas com tumores mamários não promoveu 

crescimento tumoral ou aumento da angiogênese em comparação com o placebo. Outras 

pesquisas demonstraram um efeito antitumoral da EPO, na diminuição de massa tumoral em 

modelos murinos de linfoma (Katz et al., 2005) e mieloma (Mittelman et al., 2001) e tumores 

de mama, na qual quando associada com Tamoxifeno promoveu maior regressão tumoral do 

que o tamoxifeno isolado (Sairah et al., 2008). Nanocarreadores lipídicos de tamoxifeno e 

conjugados com EPO na superfície têm resultados promissores com maior atividade citotóxica 

in vitro em células de adenocarcinoma de mama humano (Beh et al., 2017) e em modelos de 

adenocarcinoma de mama em ratas (Beh et al., 2019). 
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Estudos clínicos e meta-análises demonstraram que o uso de ESAs não causa efeitos 

significativos na progressão da doença e crescimento tumoral em pacientes que trataram anemia 

decorrente do câncer ou da quimioterapia (Glaspy et al., 2010; Aapro et al., 2012; Jelkmann, 

2013). Cantrell et al. (2011) relataram que o uso ou não ESAs para tratamento da anemia 

decorrente da quimioterapia por pacientes de CO não alterou a sobrevida livre de progressão 

nem a sobrevida global. Mulheres com cânceres ginecológicos compreendem um subgrupo de 

pacientes que potencialmente se beneficiam com o uso de ESAs (Cornes; Boiangiu, 2007). 

Além disso, pacientes com CO em geral apresentam idade avançada, estão na pós menopausa 

e apresentam baixa tolerância à anemia (Lombardero et al., 2011). Do mais, o tipo de câncer e 

as terapias conjuntas às quais o paciente é submetido influenciam os efeitos da EPO exógena 

assim como o tempo e dose de tratamento (Lombardero et al., 2011; Jelkmann, 2013).  

 

2. HIPÓTESES e OBJETIVOS 

A hipótese geral desse trabalho de doutorado é: O nanofármaco OncoTherad® 

apresenta efeitos antitumorais e imunomodulatórios no tratamento do câncer de diferentes 

órgãos do sistema urogenital e esses efeitos podem ser aprimorados com associações 

terapêuticas específicas. Sendo assim, o objetivo geral foi avaliar os efeitos histopatológicos e 

moleculares do complexo nanoestruturado OncoTherad® e associações terapêuticas (Plasma 

Rico em Plaquetas e Eritropoetina) no tratamento de diferentes cânceres do sistema urogenital 

(câncer de bexiga e câncer de ovário) em modelos animais.  Para tanto, a tese de doutorado 

divide-se em duas principais partes: 

2.1. Projeto Câncer de Bexiga: OncoTherad® e Plasma Rico em Plaquetas (PRP) (CNPq 

140695/2019-2) 

Os objetivos principais deste estudo foram caracterizar os efeitos histopatológicos 

e moleculares do complexo nanoestruturado OncoTherad® (MRB-CFI-1)  associado ao PRP 

no tratamento do câncer de bexiga não-músculo invasivo (CBNMI) induzido quimicamente em 

camundongas C57BL/6J, bem como estabelecer os possíveis mecanismos de ação dessa 

associação terapêutica relacionando as vias de sinalização dos TLRs 2 e 4; fatores de 

crescimento VEGF e IGF-1; e população de linfócitos T regulatórios FOXP3+ e linfócitos T 

CD8+ CX3CR1+. Para tanto, os objetivos específicos foram: 

a) Analisar o peso corporal inicial e final, ganho de peso e consumo de ração e água 

dos animais durante o período experimental; 
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b) Analisar as características físico-químicas da urina dos animais; 

c) Descrever macroscopicamente e quantificar as alterações das bexigas urinárias 

dos diferentes grupos experimentais; 

d) Caracterizar a histopatologia do CBNMI de camundongas induzidos 

quimicamente e comparar a progressão tumoral frente aos tratamentos intravesicais com 

OncoTherad®, PRP e OncoTherad+PRP®; 

e) Caracterizar e comparar os efeitos dos tratamentos intravesicais com 

OncoTherad®, PRP e OncoTherad®+PRP nas vias de sinalização dos TLRs 2 e 4 (TLR2, 

TLR4, MyD88, NF-κB, IL-6, IL-1β, TRIF, TBK1, IRF-3, IFN-γ) por imunohistoquímica; 

f) Caracterizar e comparar os efeitos dos tratamentos intravesicais com 

OncoTherad®, PRP e OncoTherad®+PRP nos fatores de crescimento relacionados com a 

progressão tumoral VEGF e IGF-1 por imunohistoquímica; 

g) Caracterizar e comparar os efeitos dos tratamentos intravesicais com 

OncoTherad®, PRP e OncoTherad®+PRP na população de linfócitos T regulatórios FOXP3+ 

e linfócitos T CD8 CX3CR1+, por imunohistoquímica. 

2.2. Projeto Câncer de Ovário: OncoTherad® e Eritropoetina (EPO) (FAPESP 

2020/15687-5) 

O objetivo fundamental do projeto foi avaliar os efeitos histopatológicos e 

moleculares da imunoterapia com OncoTherad® (MRB-CFI-1) associada à Eritropoetina 

(EPO) no tratamento do câncer de ovário induzido quimicamente em ratas Fischer 344. Para 

tanto, foram investigados os possíveis mecanismos de ação dessa associação terapêutica no 

funcionamento de fatores e vias de sinalização inter-relacionadas e implicadas no complexo 

microambiente da carcinogênese ovariana, constituindo um panorama informativo sobre o 

perfil da resposta inflamatória frente aos tratamentos. Dentre esses fatores, foram avaliados a 

via dos receptores Toll-like e o perfil da resposta inflamatória. Dessa forma, os objetivos 

específicos foram: 

a) Monitorar o ciclo estral, peso corporal inicial e final, ganho de peso e consumo 

de ração e água das fêmeas durante o período experimental; 

b) Avaliar e caracterizar os tipos de alterações histopatológicas induzidas 

quimicamente nas ratas e comparar a progressão tumoral após os tratamentos com 

OncoTherad®, EPO e OncoTherad®+EPO; 
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c) Caracterizar a via dos receptores Toll-like no microambiente tumoral do CO e 

avaliar a modulação após os diferentes tratamentos a partir da imunolocalização e 

imunorreatividade dos receptores TLR2, TLR4, MyD88, NF-κB, TRIF e IRF-3 por imuno-

histoquímica; 

d) Avaliar a resposta inflamatória citotóxica no microambiente tumoral e após 

tratamentos a partir da imunolocalização e imunorreatividade de IFN-γ, iNOS e macrófagos 

totais F4/80+ por imuno-histoquímica;  

e) Avaliar o perfil de imunossupressão no microambiente tumoral e após os 

tratamentos a partir da imunolocalização e imunorreatividade de IL-6, macrófagos M2 CD163+ 

e Linfócitos T regulatórios (Tregs) FOXP3+ por imuno-histoquímica; 

2.2.1. Caracterização do modelo de câncer de ovário: Projeto de estágio no exterior 

(BEPE FAPESP 2021/12357-7) 

Um subprojeto foi desenvolvido na Universidade de British Columbia (UBC) sob 

a orientação do Dr. Michael Anglesio (BEPE FAPESP: Processo número 2021/12357-7) com 

o objetivo de avaliar se o modelo de câncer de ovário induzido quimicamente com DMBA era 

representativo da doença em humanos, definindo molecularmente o(s) tipo(s) histológico(s) 

encontrado(s). Para tanto, avaliamos biomarcadores mutacionais e imuno-histoquímicos (IHC) 

usados rotineiramente para o CO humano e usamos as características observadas para fornecer 

um melhor contexto para a avaliação dos efeitos dos tratamentos com o OncoTherad® e EPO. 

Para atingir esses propósitos, os objetivos específicos foram: 

a) Pesquisar hotspots de mutação equivalente entre genes humanos e seus parálogos 

em ratos para desenhar primers apropriados para ensaios de sequenciamento; 

b) Extrair o DNA dos ovários incluídos nos blocos de parafina e avaliar a presença 

das mutações alteradas recorrentemente no câncer de ovário diretamente (Kras, Pik3ca e 

Ctnnb1) por reação em cadeia da polimerase (PCR) e sequenciamento Sanger. 

c) Construir os Tissue Microarrays (TMA) a partir dos blocos doadores contendo 

os ovários dos animais dos grupos Controle, Câncer, OncoTherad, EPO, OncoTherad+EPO; 

d) Avaliar mutações genéticas típicas indiretamente com substitutos imuno-

histoquímicos de mutação (Arid1a e p53) e a expressão proteica de biomarcadores típicos de 

diferentes tipos de câncer de ovário (Wt1, Hnf1b e Pr) por imuno-histoquímica; 

e) Examinar e quantificar a infiltração de células imunes por imuno-histoquímica 



57 
 

utilizando marcador de linfócitos T CD3+. 

3. MATERIAIS E MÉTODOS 

Para o trabalho de doutorado em geral, os materiais e métodos de acordo com os 

objetivos podem ser resumidos no esquema da Figura 4. Dado o tamanho da tese de doutorado 

e suas subdivisões bem como para se evitar exaustivas repetições, os resultados/discussão foram 

apresentados em formato de artigo. Dessa forma, os materiais e métodos específicos e utilizados 

para cada parte desse trabalho estão detalhados em cada respectivo artigo. Os dois artigos 

apresentados nessa tese de doutorado estão em processo de revisão/submissão. 

 

Figura 4. Design experimental de acordo com os objetivos. O trabalho de doutorado foi dividido em 

duas principais partes: 1) câncer de bexiga e 2) câncer de ovário. Um subprojeto (objetivo 2.1) foi 

desenvolvido a partir o objetivo 2. ENU: N-etil-N-nitrosouréia. DMBA: 7,12-dimetilbenzoantraceno 

IHC: análises de imunohistoquímica. CO: Câncer de ovário. TMAs: Tissue Microarrays. 
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ABSTRACT 

There is no effective second-line therapy for non-muscle-invasive bladder cancer (NMIBC) 

when Bacillus Calmette-Guérin (BCG) fails. A new perspective is represented by 

OncoTherad® (MRB-CFI-1) immunotherapy, a nanostructured inorganic phosphate complex 

associated with glycosidic protein, developed by University of Campinas in Brazil. Previous 

studies have shown that Platelet Rich Plasma (PRP) also acts on immune activation and exerts 

antitumor effects. This study characterized the effects of the OncoTherad® associated with PRP 

in the treatment of NMIBC chemically induced in mice. When treated intravesically with PRP 

only, mice showed 28.6% of tumor progression inhibition rate; with OncoTherad® 85.7%; and 

with OncoTherad®+PRP 71.4%. Intravesical treatments led to distinct activation of Toll like 

Receptors (TLRs) 2 and 4-mediated innate immune system in the interleukins (canonical) and 

interferons (non-canonical) signaling pathways. OncoTherad® isolated or associated with PRP 

upregulated TLR4 and its downstream cascade mediators as well as increased interleukins 6 

(IL-6) and 1β (IL-1β), and interferon-γ (IFN-γ). In this way, the NMIBC microenvironment 

was modulated to a cytotoxic profile correlated with the IL-1β increase by stimulating immune 

pathways for IFN-γ production and consequent cytotoxic T lymphocytes (as CD8+ T-cells) 

activation and regulatory T-cells (Tregs) reduction. In addition, PRP did not trigger 

carcinogenic effects through the biomarkers evaluated.  Considering the possibility of 

personalizing the treatment with the PRP use as well as the antitumor properties of 

OncoTherad®, we highlight this association as a potential new therapeutic strategy for NMIBC, 

mainly in cases of relapse and/or resistance to BCG. 
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ABBREVIATIONS 

ANOVA, analysis of variance; BCG, Bacillus Calmette-Guérin; CTLs, cytotoxic T 

lymphocytes; CX3CR1, CX3C chemokine receptor 1; DC, dendritic cells; FOXP3, transcription 

factor forkhead box protein P3; IFN-γ, interferon-γ; IGF-1, insulin-like growth factor 1; IL-1β, 

interleukin-1β; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; IRF-3, interferon 

regulatory factor-3; MyD88, myeloid differentiation primary-response protein 88; MRB-CFI-

1, Biological Response Modifier - Inorganic Phosphate Complex 1; NF-κB, nuclear factor 

kappa B; NMIBC, non-muscle-invasive bladder cancer; PF4, platelet factor 4; PolyP, 

polyphosphates; pTis, urothelial carcinoma in situ, pTa, noninvasive papillary urothelial 

carcinoma; pT1, urothelial carcinoma confined to the bladder mucosa and submucosa; STING, 

interferon gene complex-stimulating factor pathway; TBK1, tank-binding kinase 1; TNF-α, 

tumor necrosis factor α; TPI, tumor progression inhibition;  TIR, Toll-interleukin-1 receptor 

domain; TLRs, Toll-like receptors; Tregs, regulatory T-cells; TRIF, TIR-domain-containing 

adaptor protein that induces IFN-γ; VEGF, vascular endothelial growth factor. 

 

AT A GLANCE COMMENTARY 

Souza BR, et al.  

Background 

Effective intravesical therapies remain lacking for non-muscle invasive bladder cancer 

(NMIBC) when the first-line therapy fails. Considering the immunosuppression of the tumor 

microenvironment, the stimulation of an effective immune response against cancer cells with 

Toll-like Receptors (TLRs) agonists is a promising strategy. 

Translational Significance 

We have characterized the mechanisms of action of the therapeutic association between 

OncoTherad® immunotherapy and Platelet Rich Plasma (PRP) in a NMIBC animal model. The 

associated treatment significantly inhibited tumor progression by acting on the TLR signaling 

pathway and modulating the microenvironment to a cytotoxic profile. This association may 

constitute a new therapeutic strategy for BCG-unresponsive NMIBC patients. 
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INTRODUCTION 

More than 70% of the incidence of bladder cancer is superficial, called non-muscle 

invasive bladder cancer (NMIBC).1 The primary treatment of NMIBC is based on the surgical 

procedure through transurethral resection, followed by intravesical immunotherapy with 

Bacillus Calmette-Guérin (BCG).2 20% to 30% of superficial tumors (pTis - carcinoma in situ, 

pTa – papillary, and pT1 - tumor confined to the bladder mucosa and submucosa) show 

progression to invasive phenotype and 70% recurrence after transurethral resection while 

adjuvant therapy with BCG can decrease these rates.2–4 However, it is estimated that 

approximately 5-10% of patients are unable to complete the treatment with BCG due to the side 

effects.5,6 An additional problem is the frequent worldwide BCG shortage due to suspensions, 

restrictions and difficulties in production. Thus, NMIBC patients are subject to changes and/or 

interruptions in treatment and even completely helpless in the absence of BCG. The challenges 

imposed by the BCG scarcity highlight the need to develop new treatment options for NMIBC.7 

Compounds that are able to act as Toll-like Receptors (TLRs) agonists may represent 

promising candidates to be developed as cancer drugs.8 Considering the immunosuppression of 

the tumor microenvironment, the activation of TLRs with agonists can influence tumor 

progression through adaptive immune response against cancer cells and gene expression related 

to inflammatory mediators.9 The classic function of TLRs is the recruitment of leukocytes to 

infected tissues with subsequent induction of adaptive immune responses.10–12 Collectively, 

each TLR recruits a specific combination of adapter molecules to activate different transcription 

factors that will give rise to the appropriate and effective response against the stimulatory 

pathogen.10,12,13 TLRs signaling pathways comprise two different pathways: the canonical or 

MyD88 (myeloid differentiation primary-response protein 88)-dependent and the non-

canonical or TRIF (TIR-domain-containing adaptor protein that induces IFN-γ)-dependent.13 

Many of the known effects of TLR signaling occur through the production of 

inflammatory molecules and molecules for cell survival, such as tumor necrosis factor α (TNF-

α) and interleukins IL-6, IL-1β and IL-10, as well as the expression of costimulatory molecules 

in dendritic cells and macrophages.10,11 Urinary bladder tumors, especially NMIBC, showed 

decreased expression of TLRs.14,15 Immunotherapy with BCG mediated by TLRs is a successful 

strategy in NMIBC which involves the canonical pathway by activating MyD88 and NF-κB 

(nuclear factor kappa B). Local lymphocytic infiltration and production of inflammatory 
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cytokines were found in the urinary bladder wall of most patients who received intravesical 

BCG, resulting in a complex local immune response.16,17 

The Laboratory of Urogenital Carcinogenesis and Immunotherapy - LCURGIM 

(University of Campinas) developed a synthetic nanostructured compound with antitumor and 

immunological properties called Biological Response Modifier - Inorganic Phosphate Complex 

1 (MRB-CFI-1, for its acronym in Portuguese). MRB-CFI-1, registered as OncoTherad®, is 

composed of phosphate and metal salts associated with a glycosidic protein, with a size of 477.1 

± 127.1 nm and chemical formula: C14NO8Mg2(PO4)2.
18,19 The nanopharmaceutical has patents 

granted in Brazil18 (BR102017012768B1) and the USA20 (US11572284B2, US11136242B2); 

and is being tested in a clinical trial for bladder cancer (Brazilian Clinical Trials Registry -RBR-

6swqd2, UTN U1111-1226-9096).21 OncoTherad® stimulates the immune system through the 

phosphorylation of hydroxylated amino acids such as serine, threonine and tyrosine by 

compounds that present phosphate salts.18 In this way, this immunotherapy promotes local 

activation of the immune system in the tumor microenvironment and exhibits antitumor effects 

mainly due to TLR4-mediated IFNs induction.19,22–24  

The mechanism of innate immune detection of immunogenic tumors leading to adaptive 

T-cell responses remains elusive, although interferons (IFNs) are implicated in this process.25 

The main mechanism for the innate immune detection of cancer occurs through the host 

interferon gene complex-stimulating factor pathway (STING), with implications for the use of 

immunotherapies.25 The type I and II IFN responses induced by STING are related to the 

activation of tank-binding kinase 1 (TBK1) through TLRs receptors. IFNs promote M1 

macrophage polarization and CD8+ T-cell expansion and activation, increasing immune 

surveillance. Recently, CX3C chemokine receptor 1 (CX3CR1) was discovered to be a T-cell 

differentiation marker.26 On the other hand, regulatory T cells (Tregs), identified by the 

transcription factor forkhead box protein P3 (FOXP3) marker, allow immune tolerance.27 

Platelet-rich plasma (PRP) is a platelet lysate concentrated in a small volume of plasma 

with the presence of growth factors, which are released when activated.28 It is obtained from 

whole blood centrifugation, in which red and white blood cells and platelets are separated, 

where platelets have a higher concentration in a small volume of plasma compared to baseline 

values.29 Due to related benefits, PRP has been used in many regenerative therapies in the areas 

of medicine such as surgery, aesthetics, dentistry, molecular and cellular biology, and 

biomaterials engineering.30,31 Our research group investigated the involvement of PRP in 

https://paperpile.com/c/UKgMqF/odm2+bUdK
https://paperpile.com/c/UKgMqF/1Pqi+2SMt
https://paperpile.com/c/UKgMqF/1Pqi
https://paperpile.com/c/UKgMqF/qqRS
https://paperpile.com/c/UKgMqF/cigL
https://paperpile.com/c/UKgMqF/1Pqi
https://paperpile.com/c/UKgMqF/2SMt+3xiF+XEuf+btyh
https://paperpile.com/c/UKgMqF/M3Kq
https://paperpile.com/c/UKgMqF/M3Kq
https://paperpile.com/c/UKgMqF/ZJLk
https://paperpile.com/c/UKgMqF/9UaF
https://paperpile.com/c/UKgMqF/POsm
https://paperpile.com/c/UKgMqF/mPpR
https://paperpile.com/c/UKgMqF/nUCY+gmwL


63 
 

modulating the immune system in the treatment of chemically induced NMIBC in rats.32 

Intravesical treatment with PRP alone or associated with BCG triggered significant cytotoxicity 

in bladder carcinoma cells (HTB-9). Further, animals treated with PRP associated with BCG 

showed better histopathological recovery and a decrease in the progression of urothelial 

neoplastic lesions in 70% of the animals when compared to the groups that received the 

therapies administered alone. In addition, this therapeutic association promoted distinct 

activation of the immune system mediated by TLRs 2 and 4, resulting in increased 

immunoreactivity for MyD88, TRIF, IRF-3 (Interferon regulatory factor-3), and IFN-γ.32 

The phosphate groups present in OncoTherad® are important in clinical practice, as 

there is a clear relationship between some phosphates (Polyphosphates - PolyP) and platelets. 

PolyP are secreted by activated platelets or mast cells, and play an important proinflammatory 

activity.33,34 PolyP modulates the innate immune response by suppressing the complement 

system, also interfering in the complex relationship between coagulation and platelet factor 4 

(PF4)-mediated innate immunity.35 In our pilot studies (data not shown), analyzes of 

physicochemical characterizations showed that there is an important interaction between PRP 

proteins and phosphates present in OncoTherad®, in addition to a higher concentration of 

proteins after this interaction, possibly due to the ability of the inorganic component (CFI-1) to 

induce protein release from platelets. Thus, the promising effects of PRP and its potential 

association with phosphate groups present in OncoTherad® may constitute a therapeutic 

alternative, especially in cases of patients unresponsive to conventional treatments. 

Given this context, we characterized the histopathological and molecular effects of the 

OncoTherad® associated with PRP in the treatment of NMIBC chemically induced in mice and 

described the mechanisms of action of this association involving the TLRs 2 and 4 signaling 

pathways. To construct a panel of immune response in the NMIBC microenvironment, we also 

evaluated indicators of the cytotoxic activity (TBK1, CX3CR1, IL-1β), FOXP3+ Tregs, and 

cancer progression biomarkers VEGF (vascular endothelial growth factor) and IGF-1 (insulin-

like growth factor 1). 
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MATERIAL AND METHODS 

Obtaining Platelet Rich Plasma (PRP), OncoTherad®, and Dosages 

To obtain PRP, the peripheral blood of four human volunteers without use of drugs for 

72 h, aged over 18 years and with no history of diseases that compromise the number of platelets 

in the basal blood, was used. Following the published protocol32, blood was collected in 6 ml 

samples in EDTA K3 vacuum blood collection tubes (K50-1306M – KASVI, Olen). After 

blood collection, it was centrifuged (Routine 380R, Hettich Zentrifugen, Munich, Germany) at 

100g (700 rpm) for 5 min (Supplemental Fig 1). The plasma fraction resulting from this 

centrifugation was transferred to a dry tube (15 ml volume) and a new centrifugation was 

performed at 401g (1400 rpm) for 17 min. At the end of this process, the supernatant with the 

platelet concentration (corresponding to 328,103 – 549,103 platelets/mm3) was collected with 

a micropipette as PRP and transferred to a sterile tube. To prevent degradation of proteins in 

the sample, an aliquot of protease inhibitor cocktail at 1% (v/v) was added and the contents 

were stored in a freezer at -20°C until use. The peripheral blood and PRP were characterized32 

by counting white and red blood cells in hematological counter (ABX Micron ES 60, Horiba 

Medical, Montpellier, France). The intravesical injections of PRP applied to the animals were 

0.1 ml. The project is associated with the protocol approved by the Ethics Committee for 

Research with Human Beings – UNICAMP (CAAE number: 51774515.0.0000.5404). 

OncoTherad® (MRB-CFI-1) was synthesized and characterized18,19, suspended in 0.9% 

saline solution, at a concentration of 20 mg/ml and the established dosage was therapeutic (20 

mg/kg), which corresponds to intravesical applications of an average of 0.1 ml. For the 

association, OncoTherad® complex suspensions produced in saline solution were later diluted 

in PRP, in a 1:1 ratio, and the generated product was characterized by chemical-physical 

analyses.18,19 Intravesical applications of 0.1 ml were then composed of 0.05 ml of 

OncoTherad® (20mg/ml) and 0.05 ml of PRP, resulting in a final concentration of 10 mg/ml 

and dosage of 10 mg/kg of OncoTherad® suspended in PRP. The chemical characterization 

data demonstrated an important interaction of the OncoTherad® compound with the PRP 

proteins (data not shown). Based on these results, we decided to reduce the concentration of 

OncoTherad® by half (10 mg/ml) to verify whether its association with PRP would be effective. 
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Experimental Groups: NMIBC Induction and Treatment 

In the present study, thirty-five female C57BL/6J mice, aged 7 weeks, weighing on 

average 20 g, obtained at the Biotherism Center of the State University of Campinas 

(CEMIB/UNICAMP) were used. For NMIBC induction, 28 animals were anesthetized with 2% 

Xylazine Hydrochloride (5mg/kg i.m.; König, São Paulo, Brazil) and 10% Ketamine 

Hydrochloride (60mg/kg, i.m.; Fort Dodge, Iowa, USA), maintained in this state for 45 min to 

avoid spontaneous urination, and a dose of 50 mg/ml of N-ethyl-N-nitrosourea (ENU - N3385 

ISOPAC®, Sigma, St. Louis, MO, USA) dissolved in 0.3 ml of sodium citrate (1M pH 6.0) 

every 15 days, totaling 3 doses.36 The other 15 animals that did not receive ENU were 

considered as the Control Group. After CBNMI induction with ENU, the animals were divided 

into 5 groups (n=7 animals per group; Fig 1): (a) Control Group (Control): the animals were at 

rest, with ad libitum consumption of food and water; (b) ENU Group (Cancer): the animals 

were rested for one week and then euthanized; (c) ENU + PRP group (PRP): the animals 

received an intravesical dose of 0.1 ml of PRP (corresponding to 328 103 – 549 103 

platelets/mm3) for 6 consecutive weeks32; (d) ENU + MRB-CFI-1 group (OncoTherad): the 

animals received an intravesical dose of 20 mg/ml of the compound MRB-CFI-1 

(OncoTherad®) suspended in 0.9% saline solution for 6 consecutive weeks; (e) Group ENU + 

MRB-CFI-1 + PRP (OncoTherad+PRP): the animals received an intravesical dose of 10 

mg/mL of the compound MRB-CFI-1 (OncoTherad®) suspended in PRP (corresponding to 316 

– 515 103 platelets/mm3), in the ratio 1:1 (OncoTherad:PRP), for 6 consecutive weeks. 

https://paperpile.com/c/UKgMqF/zz6C
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Figure 1. Experimental groups. The 2nd week corresponds to the beginning of the chemical 

induction of NMIBC (3 intravesical doses with N-ethyl-N-nitrosurea 250 mg/kg every 15 days); the 8th 

week corresponds to the euthanasia of the Control and Cancer groups and the beginning of treatments 

with OncoTherad, PRP, OncoTherad associated with PRP (10mg/ml) (1 intravesical dose/week for 6 

consecutive weeks) and the 14th week corresponds to the euthanasia of the treated groups. 

 

The intravesical doses in the different experimental groups were instilled via a 20-gauge 

flexible catheter (Abocath, São Paulo, Brazil) and correspond to a volume of 0.1 ml 

(Supplemental Fig 2). The animals were kept in an animal facility with adequate and 

individualized facilities in propylene boxes lined with shavings (5 animals/box), in an enriched 

environment (Supplemental Fig 3) and in sterile ventilated mini-isolators under controlled 

conditions of temperature (22 ± 2ºC) and luminosity (light cycle/ 12h dark, 200 lux). Animals 

in all groups received water and the same solid diet ad libitum (Nuvilab, Colombo, PR, Brazil). 

After the treatment periods, the animals were euthanized and the urinary bladders collected and 

submitted to histopathological and immunohistochemical analysis. The experimental protocol 

followed the ethical principles in animal research according to the National Research Council's 

Guide for the Care and Use of Laboratory Animals37 and the project was approved by the Ethics 

Committee on Animal Use at UNICAMP – CEUA/UNICAMP (protocol number 4871-1/2018). 

https://paperpile.com/c/UKgMqF/AXIV
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Weight and Consumption Analysis and Anatomopathological Evaluation 

The body weight of all animals was evaluated at the beginning of the experiment, after 

the NMIBC induction, and at the end of the treatments. Body weight gain, as well as feed and 

water consumption were measured weekly throughout the experimental period and calculated 

per animal from the average of each group. Anatomopathological evaluation was performed 

and macroscopic alterations were quantified at the time of euthanasia of the animals. 

Urinalysis 

Mice urine was collected in 1.5 ml microtubes before euthanasia. Due to the very small 

urinary volume, the samples were collected in pool form for each experimental group. The 

urinary content was immediately used for reaction in Uri-Color Check ® urine reactive strips 

(WAMA Diagnóstica, São Carlos, SP, Brazil), processed according to the manufacturer's 

information and then read in specific URICLIN 101 urine preparation equipment (Laborclin, 

Pinhais, PR, Brazil). The parameters evaluated were: color, hemoglobin/red blood cells (mg/dl; 

cell/µl), pH, density, protein (mg/dl), ketone bodies (mg/dl), glucose (mg/dl), bilirubin (mg/dl). 

dl), urobilinogen (EU/dl; 1mg corresponds to approximately 1 Ehrlich Unit - EU), nitrite 

(mg/dl) and esterases/leukocytes (cel/µl). The detectable values in the Control group, in which 

the animals did not have cancer, were defined as a control parameter of normal values. 

Samples processing and Histopathology 

Urinary bladders from animals of the experimental groups were collected and fixed in 

Bouin for 12 h. After fixation, the tissues were washed in 70% ethanol, with subsequent 

dehydration in an increasing series of ethanol concentrations. Subsequently, the fragments were 

cleared with xylene for 2 h and embedded in plastic polymers (Paraplast Plus, ST. Louis, MO, 

USA). Then, the materials were sectioned using a Slee CUT5062 RM 2165 microtome (Slee 

Mainz, Mainz, Germany) with a thickness of 5 μm, stained with Hematoxylin-Eosin and 

photographed using a DM2500 photomicroscope (Leica, Munich, Germany). The diagnosis of 

urothelial lesions was classified according to the staging proposed by the consensus of the 

World Health Organization/International Society of Urological Pathology.39 

https://paperpile.com/c/UKgMqF/ZBDW
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The tumor progression inhibition index (TPI) obtained for each treatment was calculated 

through the percentage of animals in the group that did not present malignant lesions compared 

to the Cancer group without treatment. 

Immunohistochemistry of Toll-Like receptor signaling pathway (TLR2, 

TLR4, MyD88, NF-kB, TRIF, TBK1, IRF-3, IFN-γ, IL-6, and IL-1β); 

immune biomarkers (CX3CR1 and FOXP3); and growth factors (VEGF 

and IGF-1) in NMIBC 

Urinary bladder samples from animals of the experimental groups, the same used for 

histopathological analyses, were used for immunostaining. They were sectioned at 5 µm 

thickness using a Slee CUT5062 RM 2165 rotary microtome (Slee Mainz, Mainz, Germany) 

and collected on silanized slides. Antigenic retrieval was performed by incubating the sections 

in citrate buffer (pH 6.0) at 100°C in a microwave oven. Endogenous peroxidase was blocked 

using Peroxidase Blocker (EP12-20523) with subsequent incubation in 5% Goat Serum 

blocking solution (EP-12-20532) for 10 minutes at room temperature. Subsequently, the TLR2, 

MyD88, NF-κB, IL-6, TLR4, TRIF, IRF-3, IFN-γ, TBK1, CX3CR1, IL-1β, FOXP3, VEGF, 

and IGF-1 antigens were located using specific primary antibodies (Supplemental Table 1), 

diluted in Goat Serum (EP-12 -20532) 1% and stored overnight at 4°C. EasyLink One (Easy 

Path EP-12-20504) was used for antigen detection according to the manufacturer's instructions. 

After washing with TBS-T buffer, the sections were incubated with HRP-polymer (EP-12-

20503) from the EasyLink One kit for 25 min and, subsequently revealed with 

diaminobenzidine (DAB), counterstained with Harris Hematoxylin and evaluated on the 

DM2500 photomicroscope (Leica, Munich, Germany). 

To evaluate the intensity of antigen immunoreactions in the urothelial cells of the urinary 

bladder, five fields were selected with 400x magnification for each animal and each antibody. 

The immunostaining results were analyzed using the Image J software 

(https://imagej.nih.gov/ij/) in Macro Profile Analysis from the selection of the urothelium and 

quantification of positive urothelial cells (adapted from previous protocol).32 Quantitative data 

were evaluated in two ways: Total Immunoreactivity and Immunoreactivity Intensity. Total 

immunoreactivity was obtained as the result of the percentage of urothelial cells negative for a 

given antibody subtracted from 100%, that is, the values represent the total number of urothelial 

cells in the field that showed immunoreaction for the evaluated antibody. The analysis of the 

https://paperpile.com/c/UKgMqF/BfDD
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Immunoreactivity Intensity was performed from the categorization of the immunoreaction 

occurring in the urothelial cells by intensity criterion. The categories defined in the Image J 

software were: absent (Negative), weak (Low Positive), moderate (Positive) and strong (High 

Positive). The values obtained in the different intensity categories were represented in column 

graphs and are equivalent to the percentage of urothelial cells in the field that showed marking 

at each level (absent, weak, moderate or strong) for a given antibody. 

Statistical Analyses 

The parameters of weight and consumption of food and water were represented as mean 

± standard deviation and evaluated using the Kruskal-Wallis non-parametric analysis of 

variance (ANOVA) complemented with the Student-Newman-Keuls test due to the lack of data 

normality (evaluated previously by the Shapiro-Wilk normality test). The analysis of weight 

gain over time was performed using the two-way ANOVA test, complemented by the Tukey 

test. Histopathological diagnoses and the index of inhibition of tumor progression were 

analyzed using the Chi Square Test (Z Proportion Test). For the immunohistochemical 

analyses, the total immunoreactivity average was calculated for each group and for each 

antibody and the data were submitted to the Kruskal-Wallis non-parametric analysis of variance 

followed by the Student-Newman-Keuls post hoc test. Immunoreactivities by category of 

staining intensity were represented in column graphs and data were evaluated using analysis of 

variance (ANOVA), complemented by Tukey's test for each level of immunoreaction (absent, 

weak, moderate or strong). The software used for analysis and graphing were GraphPad Prism, 

version 7.00 (GraphPad Software Inc., San Diego, California, USA) and BioEstat 5.0 

(Sociedade Civil Mamirauá/CNPq, Belém, PA, Brazil). Statistical significance was 5% 

(p<0.05) for all applied tests. 

 

RESULTS 

Intravesical treatments with OncoTherad® and PRP recovered weight loss 

caused by NMIBC induction 

The body weight of animals in all experimental groups was statistically equal (p>0.05) 

at the beginning of the experiment (Table 1). After chemical induction of NMIBC, all groups 
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that received the carcinogen had lower body weight (p<0.05) compared to the Control group 

(Table 1). The analysis of weight gain over time showed a significant difference (p<0.01) 

between the animals that were not submitted to the chemical induction of NMIBC compared to 

the animals induced from the 3rd week to the 8th week, that is, from the first induction dose 

with the carcinogen and this reduction in weight gain was maintained throughout the induction 

period (Fig 2). The final body weight of the animals did not differ between the groups (p>0.05), 

showing that the six weeks of treatment were enough to recover the weight in values similar to 

the healthy group. Furthermore, during the period from the 9th to the 14th week, there were no 

significant differences (p>0.05) in weight gain over time between the treated groups (Fig 2).  

The Cancer group showed a higher feed intake (p<0.05) compared to all treated 

groups (PRP, OncoTherad, and OncoTherad+PRP) (Table 1). Animals treated with 

OncoTherad® alone had a higher water intake (p<0.05) than Control, PRP, and 

OncoTherad+PRP groups. 

Table 1. Body weight (g), weight gain (g), and feed (g) and water (ml) consumption of 

different experimental groups. 

Parameters Experimental groups (n=7/group)  

Control Cancer PRP OncoTherad OncoTherad

+PRP 
 

Initial Body weight (g) 20.73 ± 0.9 a 21.11 ± 1.2 a 20.19 ± 1.4 a 20.00 ± 1.4 a 20.39 ± 1.3 a  

Body weight after NMIBC 

induction (g) 

22.47 ± 0.8 a 21.39 ± 1.3 b 21.06 ± 1.3 b 20.60 ± 1.3 b 20.83 ± 1.2 b  

Final body weight (g) 22.47 ± 0.8 a 21.39 ± 1.3 a 21.93 ± 2.6 a 21.67 ± 1.5 a 22.00 ± 1.4 a  

Feed intake/week (g) 27.2 ± 0.9 ab 30.4 ± 0.9 b 25.9 ± 5.2 a 25.4 ± 8.2 a 26.6 ± 5.5 a  

Water intake/week (ml) 32.8 ± 4.9 a 35.7 ± 5.7 ab 35.5 ± 5.9 a 37.2 ± 7.6 b 31.9 ± 4.7 a  

Values expressed as mean ± standard deviation. Nonparametric Kruskal-Wallis Analysis of Variance, 

Student-Newman-Keuls Test. In the same line, values followed by different letters indicate statistically 

significant differences between groups (p<0.05). 
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Figure 2. Analysis of body weight gain over the weeks of the experimental period. The 

experimental period comprises the 1st to the 14th week: the 2nd week corresponds to the beginning of 

the chemical induction of NMIBC (3 intravesical doses with N-ethyl-N-nitrosourea 250 mg/kg every 15 

days); the 8th week corresponds to the euthanasia of the Control and Cancer groups and the beginning 

of treatments with OncoTherad®, PRP and OncoTherad® associated with PRP (1 intravesical 

dose/week for 6 consecutive weeks) and the 14th week corresponds to the euthanasia of the treated 

groups. * p<0.01 in the comparison between the Control group and the other groups that were induced 

to NMIBC. From the 9th to the 14th week there was no significant difference between the groups 

(p>0.05). Values expressed as mean per group. Two-way ANOVA. Tukey test. 

 

Urinalysis indicated alterations in the NMIBC model 

The biochemical elements analyzed from the animals' urine are shown in Table 2. The 

Control group, in which the animals did not have cancer and did not receive intravesical 

treatments, was considered as a parameter of normal values. The urine of healthy animals was 

yellowish, and the presence of blood was not detected. The absence of hematuria or color 

change in the urine of the animals with NMIBC that received or not treatments indicates that 

the bladder catheterization process did not cause mechanical injuries to the urinary tract. A 

slight acidification of the urine occurred in all groups with NMIBC with or without treatment 

compared to the Control (pH=7), more markedly in the PRP group. There were subtle changes 
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in urine density (specific gravity) in animals with NMIBC compared to the Control. The groups 

with the highest density values were those that received treatment with OncoTherad®, alone or 

associated with PRP. 

Proteinuria values ranged from traces to 30 mg/dl in groups regardless of intravesical 

treatment. With treatment with OncoTherad® alone there was a higher protein concentration 

than when the nanodrug was associated with PRP or PRP alone. The presence of ketone bodies 

was verified as traces in the Cancer group at a concentration of 15 mg/ml. However, all animals 

received a solid diet and water ad libitum throughout the experimental period. Glucose and 

bilirubin in normal parameters are not found in the urine, and they were not detected in the 

urine of any experimental group. Urobilinogen was detected in a very variable way between the 

groups, with a value of 8 EU in the Control and presenting normal values (0.2 to 2 EU) in the 

PRP, OncoTherad, and OncoTherad+PRP groups. The presence of nitrite was verified in the 

Cancer, OncoTherad, and OncoTherad+PRP groups. However, nitrites are produced by bacteria 

that may have been contaminants in the collection process, leading to a false positive. 

Leukocytes were verified only in the urine of animals in the Cancer group. 
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Table 2. Analysis of biochemical parameters in the urine of animals from different 

experimental groups. 

  Experimental Groups 

Parameters Control Cancer PRP OncoTherad OncoTherad+PRP 

Color yellow yellow yellow yellow yellow 

Blood negative negative negative negative negative 

pH 7.0 6.0 5.0 6.0 6.0 

Specific gravity 1.015 1.025 1.025 ≥ 1.030 ≥ 1.030 

Protein trace 30 mg/dl trace 30 mg/dl trace 

Ketone bodies negative trace negative negative negative 

Glucose negative negative negative negative negative 

Bilirubin negative negative negative negative negative 

Urobilinogen ≥ 8.0 EU/dl ≥ 8.0 EU/dl ≥ 0.2 EU/dl 1.0 EU/dl ≥ 0.2 EU/dl 

Nitrite absent present absent present present 

Leukocytes absent trace absent absent absent 

The values correspond to the parameters detected in the pool urine of each experimental group. 

Parameters: color; blood (hemoglobin mg/dl, red blood cells; cel/µl); pH; density; protein (mg/dl); 

ketone bodies (mg/dl); glucose (mg/dl); bilirubin (mg/dl); urobilinogen (EU/dl, 1mg corresponds to 

approximately 1 Ehrlich Unit - EU); nitrite (mg/dl) and esterases/leukocytes (cel/µl). The detectable 

values in the Healthy group, in which the animals did not have cancer and did not receive intravesical 

treatments, was defined as a control parameter for normal values. 

OncoTherad® alone or associated with PRP changed the macroscopic 

appearance of the urinary bladders of NMIBC-induced animals 

At the time of euthanasia, a macroscopic description of the urinary tract organs was 

performed (Table 3, Supplemental Fig 4). The animals in the Control group did not show any 

apparent structural alteration in the kidneys, ureters or urinary bladders, which exhibited a thin 

wall with a semi-translucent appearance and normal vascularization (Table 3, Fig 3A). On the 
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other hand, the urinary tract of animals in the Cancer group showed several macroscopic 

alterations such as cystic renal lesions, dilation of both ureters - bilateral hydroureter - and 

thickening of the urinary bladder wall with increased vascularity (Table 3, Fig 3B). 

In the PRP group, some animals had discrete hydroureter and urinary bladders with 

regions or points of thickening (Table 3, Fig 3C), although normal ureters and bladders without 

apparent macroscopic lesions were also identified. Structural features of the urinary tract in the 

OncoTherad group included kidneys without apparent lesions in most of the animals, discret 

hydroureters and normal ureters. Some urinary bladders of the animals in the OncoTherad group 

showed slightly increased vascularization and thickening points (Fig 3D), as well as other 

bladders exhibited similar aspects to the control group, with no apparent lesions or thickening 

(Fig 3E). In the OncoTherad group associated with PRP, the kidneys did not show apparent 

macroscopic changes in most animals and discrete unilateral or bilateral hydrouretes were 

present, as well as normal ureters (Table 3). The wall of the urinary bladders of some animals 

in this group was vascularized and slightly thickened or with points of thickening (Fig 3F). In 

the other animals, bladders without thickening or lesions were identified. 
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Table 3. Anatomopathological evaluation of the urinary system of the animals. 

  Experimental groups (n=7 animals/group) 

Macroscopic 

parameters Control Cancer PRP OncoTherad 

OncoTherad 

+PRP 

Urinary bladder 

thickening      

Absent 7/7 0 1/7 4/7 2/7 

Slight 0 4/7 2/7 3/7 5/7 

Intense 0 3/7 4/7 0 0 

Macroscopic lesion      

Abent 7/7 5/7 2/7 6/7 6/7 

Present 0 2/7 5/7 1/7 1/7 

Vascularization      

Normal 6/7 2/7 6/7 4/7 1/7 

Slightly increased 1/7 1/7 0 3/7 5/7 

Accentuated 0 4/7 1/7 0 1/7 

Ureters      

Normal 4/7 0 1/7 1/7 2/7 

Unilateral hydroureter 1/7 0 5/7 5/7 2/7 

Bilateral hydroureter 2/7 7/7 1/7 1/7 3/7 

Kidneys      

No lesions 7/7 6/7 5/7 6/7 6/7 

Some apparent alteration 0 1/7 2/7 1/7 1/7 
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Figure 3. Photographs of the urinary bladders of the different experimental groups: 

Control (A); Cancer (B); PRP (C); Oncotherad (D, E) and OncoTherad+PRP (F). (A) 

Healthy bladder showing thin wall and semi-translucent appearance as well as normal vascularity. (B) 

Highly vascularized bladder (*) with a thickened wall (arrow). (C) Bladder with regions of thickening 

(arrow). (D) Bladder slightly vascularized (*) and with thickening points (arrowhead). (E) Normal 

bladder. (F) Bladder slightly vascularized (*) and with a slightly thickened wall (arrowhead). The 

bladers were sectioned longitudinally and the photographs show the inner surface of the urinary bladder 

wall (frontal plane). Photographs taken with a stereomicroscope. 3.5x magnification. 
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Immunotherapy with OncoTherad® associated or not with PRP inhibited 

tumor progression in NMIBC model 

The urinary tract of the Control group did not show histopathological alterations (Fig 

4A, Table 4). Healthy urothelium was composed of 2 to 3 layers, with a basal cell layer, an 

intermediate cell layer, and a superficial or apical layer of umbrella cells facing the lumen of 

the organ (Fig 4A). The basal cells were supported on a basal membrane and below this there 

is the lamina propria or mucosa, which is made up of dense to loose connective tissue and, more 

internally, the muscular layer was found. In contrast, the urinary tract in the Cancer group 

showed neoplastic lesions classified as carcinoma in situ (pTis) in all animals (Table 4). The 

pTis carcinoma (Fig 4B) was characterized by disorderly cell proliferation in a flat urothelium 

and the presence of marked cell atypia found from the base to the apex of the urothelium, such 

as enlarged nuclei, reduced cytoplasm and multiple, prominent nucleoli. 

The neoplastic lesions found in the PRP Group were papillary urothelial carcinoma 

(pTa) and carcinoma in situ (pTis) (Table 4). pTa carcinoma was characterized by papillary or 

non-papillary, exophytic or endophytic lesions consisting of urothelial cells with disorderly 

arrangement and loss of polarity, hyperchromatic, pleomorphic nuclei and prominent nucleoli 

(Fig 4C). The other animals had low-grade intraurothelial neoplasia, characterized by the 

presence of few atypia such as large nuclei, but without loss of polarity. Thus, treatment with 

PRP alone promoted 28.57% inhibition of tumor progression (Table 4). 

In the OncoTherad group, there were no malignant lesions in most animals such as flat 

hyperplasia (Fig 4D) and normal urothelium (Fig 4E), indicating that the nanodrug inhibited 

tumor progression in 85.71% of the animals (Table 4). Flat hyperplasia was characterized by 

urothelial thickening and absence of cytological atypia (Fig 4D). Most animals in the 

OncoTherad+PRP group did not exhibit malignant lesions such as flat hyperplasia and low-

grade intraurothelial neoplasia (Fig 4F), indicating that the associated treatment promoted 

71.42% inhibition of tumor progression (Table 4). 
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Table 4. Histopathological changes in the urinary bladder of mice from different 

experimental groups and Tumor Progression Inhibition Rate (%) obtained after 

treatments. 

Histopathology 

 

Experimental groups (n=7/group) 

Control Cancer PRP OncoTherad OncoTherad+PRP 

Normal 7 (100%) * - - 2 (28.57%) * - 

Flat Hyperplasia - - - 3 (42.85%) * 3 (42.85%) * 

Low-grade Intraurothelial 

Neoplasia - - 2 (28.57%) # 1 (14.28%) * 2 (28.57%) * 

Carcinoma in situ (pTis) - 7 (100%) 1 (14.28%) - 1 (14.28%) 

Papillary Urothelial 

Carcinoma (pTa) - - 4 (57.14%) 1 (14.28%) 1 (14.28%) 

Tumor Progression 

inhibition (TPI) - 0% a 28.57% ac 85.71% b 71.42% bc 

* Statistical significance compared to the Cancer Group (p <0.05). # Statistical significance in relation 

to the OncoTherad group (p <0.05). Tumor Progression Inhibition: Percentage of animals that did not 

have malignant lesions compared to the Cancer group. In the same line, values followed by different 

letters indicate a significant difference between groups (p <0.05). Chi square Test (Proportion Z Test). 

Benign lesions: Flat hyperplasia. Premalignant Lesions: Low-Grade Intraurothelial Neoplasia. 

Malignant lesions: pTis e pTa. 
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Figure 4. Photomicrographs of urinary bladders from different experimental groups: 

Control (A); Cancer (B); PRP (C); Oncotherad (D, E) and OncoTherad+PRP (F). (A) 

Healthy urothelium (Ur) composed of 2 to 3 layers: basal cells (closed arrowhead), intermediate cells 

(arrow) and a superficial or apical layer composed of umbrella cells (open arrowhead); and the lamina 

propria (Lp) consisting of connective tissue. (B) Carcinoma pTis (circle), characterized by disordered 

proliferation of the urothelium and marked cellular atypia: enlarged nuclei with reduced cytoplasm and 

prominent nucleoli. (C) pTa carcinoma, characterized by endophytic or exophytic papillary lesions 

consisting of urothelial cells with disorderly arrangement and loss of polarity. (D) Flat hyperplasia, 

urothelium thickening without atypia. (E) Normal urothelium. (F) Low-grade intraurothelial neoplasia, 

presence of few atypia without loss of polarity. Hematoxylin-Eosin. Bars = 50 µm. 
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PRP modulated OncoTherad® effects on TLR signaling by enhancing 

stimulation of canonical and non-canonical pathways through TLR4 

The total cytoplasmic immunoreactivity for the TLR2, MyD88, NF-κB, IL-6, TLR4, 

TRIF, IRF-3 and IFN-γ antigens in the urothelium of the urinary bladders are presented in Table 

5 and the different intensities of the immunoreaction for these antigens in Fig 5. The 

immunolocalization of the antigens in histological sections of the urinary bladders is shown in 

Figs 6 and 7. 

The total TLR2 immunoreactivity did not show significant differences (p>0.05) among 

the experimental groups (Table 5), however in the analysis of the intensity of the 

immunoreactivity it was possible to find significant differences in the intensity of the 

immunoreactivity for TLR2. In the Cancer and PRP groups, the intensity was weaker (p<0.05) 

than in healthy animals (Fig 5A). On the other hand, the groups treated with OncoTherad® 

alone or associated with PRP showed a pattern of labeling intensity similar (p>0.05) to the 

Control (Fig 5A). For the TLR2 immunoreaction, regardless of the group, it was possible to 

observe that animals with neoplastic lesions such as pTis (Fig 6B) showed weaker 

immunoreaction than premalignant lesions such as low-grade intraurothelial neoplasia (Fig 6C 

and E) and these, in turn, less intense than benign lesions such as hyperplasia (Fig 6D). 

The total percentage of MyD88-positive urothelial cells was higher (p<0.05) in the PRP 

group compared to the Control, Cancer, and OncoTherad+PRP groups; but when compared to 

the OncoTherad group, there was no significant difference (p>0.05) in the total 

immunoreactivity (Table 5). In the analysis of immunoreactivity intensity, the groups that 

received the isolated treatments with OncoTherad® or PRP presented greater intensity (p<0.05) 

of the immunoreaction for MyD88 compared to the combined treatment (Fig 5B). There was 

heterogeneous expression between animals with different histopathological diagnoses, 

however, it was possible to observe that the same type of lesion in animals from different groups 

exhibited different intensities of immunoreactivity, such as a stronger staining in low-grade 

intraurothelial neoplasia of the PRP group (Fig 6H) than that found in OncoTherad+PRP 

(Figure 6J) and, likewise, hyperplasia in the OncoTherad group (Fig 6I) compared to that 

occurring in the associated group. 

The total immunoreactivity for NF-kB was higher (p<0.05) in all groups that received 

treatments with Oncotherad® and PRP, alone or together, compared to animals with NMIBC 

without treatment (Table 5). Furthermore, the OncoTherad and OncoTherad+PRP groups also 
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had a higher percentage (p<0.05) of NF-kB positive urothelial cells compared to the Control 

group (Table 5). From the immunoreaction intensity variation data, it was possible to verify 

that treatment with OncoTherad® alone or associated with PRP promoted an increase (p<0.05) 

in the intensity of NF-kB expression when compared to the Control, Cancer, and PRP (Fig 5C). 

In the same group, there was heterogeneous expression intensity among animals with different 

histopathological diagnoses. The animals with benign lesions such as hyperplasia in the 

OncoTherad group (Fig 6N) showed a stronger immunoreaction than premalignant lesions such 

as low-grade intraurothelial neoplasia in the PRP (Fig 6M) and OncoTherad+PRP groups (Fig 

6O), which also showed stronger immunoreaction compared with malignant lesions as in pTis 

carcinoma (Fig 6L). 

The total percentage of IL-6 positive urothelial cells was similar (p>0.05) among all 

experimental groups (Table 5), however in the analysis of immunoreactivity intensity the 

Cancer and PRP groups, which did not differ (p>0 .05) to each other, exhibited weaker staining 

(p<0.05) compared to the Control (Fig 5D). On the other hand, the OncoTherad and 

OncoTherad+PRP groups did not differ (p>0.05) from the healthy animals and showed a 

stronger immunoreaction (p<0.05) than the Cancer and PRP groups (Fig 6D). IL-6 appeared as 

a weaker expression in neoplastic lesions such as pTis (Fig 6Q) than benign lesions such as 

hyperplasia (Fig 6S). However, the same type of lesion in animals from different groups 

exhibited different intensities of immunoreactivity as a stronger staining in the low-grade 

intraurothelial neoplasia of the OncoTherad+PRP group (Figure 6T) than that found in the 

group that received PRP alone (Fig 6R). 

The total immunoreactivity for TLR4 was higher (p<0.05) in the OncoTherad+PRP 

group compared to the Cancer group and the isolated treatments and did not differ (p>0.05) 

from the Control group (Table 5). In addition, the PRP group also showed a lower (p<0.05) 

percentage of positive urothelial cells compared to that found in healthy animals, but did not 

show a significant difference (p>0.05) compared to the Cancer group (Table 5). By analysis of 

intensity of immunoreactivity, animals with induced NMIBC exhibited weaker intensity 

(p<0.05) of staining for TLR4 compared to the Control group (Fig 5E). As with total 

immunoreactivity, the OncoTherad+PRP group showed a stronger immunoreaction intensity 

(p<0.05) in comparison with the Cancer and the groups that received isolated treatments (Figure 

5E). In the PRP group, the marking intensity for TLR4 was similar (p>0.05) to Cancer and 

weaker (p<0.05) than in the Control while OncoTherad promoted a stronger expression (p<0. 

05) of TLR4 compared to the Cancer group (Fig 5E). It was possible to observe a variation in 
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the intensity of expression according to the histopathological diagnoses, since neoplastic lesions 

such as pTis (Fig 7B) or pTa (Fig 7C) showed weaker immunoreaction than non-malignant 

lesions such as hyperplasia (Fig 7D) and low-grade intraurothelial neoplasia (Fig 7E). 

Total TRIF immunoreactivity showed no significant differences (p>0.05) between 

experimental groups (Table 5). Although the OncoTherad group exhibited a higher absolute 

percentage of TRIF-positive urothelial cells with moderate intensity immunoreaction compared 

to the other groups (Fig 5F), these differences were not statistically significant (p>0.05). In the 

visual analysis of the histological sections after immunoreaction for TRIF, it was possible to 

observe, regardless of the group, that animals with neoplastic lesions such as pTis (Fig 7G) or 

pTa (Fig 7H) showed weaker immunoreaction than non-malignant lesions such as hyperplasia 

(Fig 7I) and low-grade intraurothelial neoplasia (Fig 7J). 

For IRF-3, total immunoreactivity was higher (p<0.05) in the OncoTherad+PRP group 

compared to the group treated with PRP alone (Table 5). In addition, the PRP group also showed 

a lower (p<0.05) percentage of positive urothelial cells compared to the Control group, but did 

not show a significant difference (p>0.05) compared to Cancer (Table 5). In the analysis of the 

intensity, the animals with induced NMIBC exhibited weaker intensity (p<0.05) of the 

immunoreaction compared to the Control group (Fig 5G). However, all groups that received 

treatments with OncoTherad and PRP, alone or in combination, showed a different pattern 

(p<0.05) of marking intensity compared to both the Control and Cancer groups, showing higher 

levels of weakly labeled and moderately labeled minors (Fig 5G). Comparing the treatments, 

although the OcoTherad group and the PRP group did not differ (p>0.05) in the intensity of the 

immunoreaction for IRF-3, the associated treatment promoted a stronger labeling (p<0.05) 

compared to PRP treatment alone (Fig 5G). It was possible to observe a variation in the intensity 

of IRF-3 expression in animals induced to NMIBC with or without treatment and in healthy 

animals, which showed more intense staining mainly in the apical region of the urothelium in 

the umbrella cells (Fig 7K). 

OncoTherad® immunotherapy alone or combined with PRP showed the highest 

percentages of positive cells for IFN-γ (p<0.05) in comparison with the Cancer group (Table 

5), showing strong immunoreaction in the urothelium (Fig 7). In contrast, the Cancer group 

showed the lowest IFN-γ total immunoreactivity (p<0.05) and weak immunoreaction. In the 

same way, the analysis of immunoreactivity intensity (Fig 5H) showed that IFN-γ staining in 

the Cancer Group was weaker (p<0.05) compared with the groups that received treatments with 

OncoTherad alone or associated with PRP. Neoplastic lesions such as pTa (Figure 7R) showed 
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a weaker IFN-γ immunoreaction than non-malignant lesions such as hyperplasia (Figure 7S) 

and low-grade intraurothelial neoplasia (Figure 7T).  

 

Table 5. Total immunoreactivity (%) for each antigen in the different experimental 

groups. 

  Experimental Groups 

Antigens Control Cancer PRP OncoTherad OncoTherad+PRP 

TLR2 88.38 a 81.17 a 74.94 a 89.38 a 91.18 a 

MyD88 91.22 a 87.13 a 96.40 b 93.96 ab 88.55 a 

NF-kB 88.54 ac 90.31 c 95.11 ab 96.97 b 97.03 b 

IL-6 96.28 a 92.83 a 88.97 a 96.49 a 94.00 a 

TLR4 90.94 ac 85.35 ab 72.91 b 84.89 ab 96.42 c 

TRIF 85.85 a 87.95 a 81.89 a 90.58 a 90.50 a 

IRF-3 92.97 a 86.12 ab 77.18 b 84.79 ab 92.13 a 

IFN-γ 85.61 a 68.78 b 86.03 a 91.31 a 90.09 a 

Values are equivalent to the mean percentage of urothelial cells positive for the antigens per group (n=5 

sections/animal/group). Kruskal-Wallis ANOVA, Student-Newman-Keuls Test. Along the same lines, 

values followed by different letters indicate a significant difference between groups (p<0.05). 
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Figure 5. Immunoreactivities (%) in different intensity categories for antigens: TLR2 (A), 

MyD88 (B), NF-kB (C), IL-6 (D), TLR4 (E), TRIF (F), IRF-3 (G) and IFN-γ (H). 

*/**/***/****Different symbols indicate a significant difference (p<0.05) between groups, when 

statistically differ in any category of immunoreactivity. ANOVA, Tukey test (n = 5 

sections/animal/group). Immunoreactivity was classified into four categories: Negative (0): absence of 

labeling; Low Positive (1): weak immunoreaction; Positive (2): moderate immunoreaction and High 

Positive (3) strong immunoreaction. 



85 
 

 

 

Figure 6. Immunolocalization of TLR-2 (A-E), MyD88 (F-J), NF-κB (K-O) and IL-6 (P-

T) antigens in the urinary bladders of different experimental groups. Control (healthy 

urothelium: A,F,K,P); Cancer (urothelial carcinoma in situ or pTis: B,G,L,Q); PRP (Low Grade 

Intraurothelial Neoplasia: C,H,M,R); Oncotherad (Flat Hyperplasia: D,I,N,S) and OncoTherad+PRP 

(Low Grade Intraurothelial Neoplasia: E,J,O,T). Bars = 50 µm. 
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Figure 7. Immunolocalization of TLR-4 (A-E), TRIF (F-J), IRF-3 (K-O), IFN-γ (P-T) 

antigens in the urinary bladders of different experimental groups. Control (healthy 

urothelium: A,F,K,P); Cancer (urothelial carcinoma in situ or pTis: B,G,L,Q); PRP (non-invasive 

urothelial carcinoma pTa: C,H,M,R); Oncotherad (Flat Hyperplasia: D,I,N,S) and OncoTherad+PRP 

(Low Grade Intraurothelial Neoplasia: E,J,O,T). Bars = 50 µm. 
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OncoTherad® plus PRP modulated the NMIBC microenvironment to a 

cytotoxic profile involving CD8+ T-cell activation and Tregs reduction 

TBK1 immunoreactivity and the immunoreaction intensity were increased (p<0.01) by 

OncoTherad and OncoTherad+PRP (Table 6, Figs 8 and 9). There was an increase (p<0.01) in 

the number of CX3CR1+ cells and the immunostaining intensity after OncoTherad® treatment 

(Table 6, Figs 8 and 9). Both total immunoreactivity and IL-1β intensity decreased (p<0.01) in 

the Cancer group. However, the OncoTherad+PRP group showed a higher (p<0.01) percentage 

of IL-1β positive cells and a stronger immunoreaction compared to the Cancer (Table 6, Figs 8 

and 9). OncoTherad® and OncoTherad plus PRP decreased (p<0.01) the percentage of 

FOXP3+ cells and reduced the reaction intensity compared to the Cancer and PRP groups 

(Table 6, Figs 8 and 9). 

Table 6. Total immunoreactivity (%) for each antigen in the different experimental 

groups. 

  Experimental Groups 

Antigens Control Cancer PRP OncoTherad OncoTherad+PRP 

TBK1 69.72 ac 58.32 ab 52.97 b 79.76 c 70.63 ac 

IL-1β 69.75 a 54.26 b 64.45 ab 62.44 ab 69.57 a 

CX3CR1 86.06 a 87.09 a 94.57 bc 95.58 b 90.29 ac 

FOXP3 74.37 a 93.41 b 90.55 b 78.08 a 75.58 a 

Values are equivalent to the mean percentage of urothelial cells positive for the antigens per group (n=5 

sections/animal/group). Kruskal-Wallis ANOVA, Student-Newman-Keuls Test. Along the same lines, 

values followed by different letters indicate a significant difference between groups (p<0.05). 

  



88 
 

 

Figure 8. Immunoreactivities (%) in different intensity categories for antigens: TBK1 (A), 

CX3CR1 (B), IL-1β (C) and FOXP3 (D). */**/***/****Different symbols indicate a significant 

difference (p<0.05) between groups, when statistically differ in any category of immunoreactivity. 

ANOVA, Tukey test (n = 5 sections/animal/group). Immunoreactivity was classified into four 

categories: Negative (0): absence of labeling; Low Positive (1): weak immunoreaction; Positive (2): 

moderate immunoreaction and High Positive (3) strong immunoreaction. 
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Figure 9. Immunolocalization of TBK1 (A-E), CX3CR1 (F-J), IL-1β (K-O), FOXP3 (P-T) 

antigens in the urinary bladders of different experimental groups. Control (healthy 

urothelium: A,F,K,P); Cancer (urothelial carcinoma in situ or pTis: B,G,L,Q); PRP (non-invasive 

urothelial carcinoma pTa: C,H,M,R); Oncotherad (Flat Hyperplasia: D,I,N,S) and OncoTherad+PRP 

(Flat Hyperplasia: E,J,O,T). Bars = 50 µm. 

Intravesical treatment with PRP did not increase cancer progression 

biomarkers in mice with NMIBC 

PRP alone or with OncoTherad® did not increase (p>0.05) VEGF and IGF-1 growth 

factors. There was no statistical difference (p>0.05) among the groups regarding the total 
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immunoreactivity and intensity of the immunoreactions for VEGF (Table 7, Figs 10 and 11). 

Immunoreactivities of IGF-1 were similar (p>0.05) among the groups (Table 7). The Control, 

Cancer, PRP, and OncoTherad+PRP groups showed different patterns of intensity for the IGF-

1 immunoreaction (Figs 10 and 11). However, the intensity in the Cancer was stronger (p<0.05) 

when compared with the PRP group. 

Table 7. Total immunoreactivity (%) for each antigen in the different experimental 

groups. 

  Experimental Groups 

Antigens Control Cancer PRP OncoTherad OncoTherad+PRP 

VEGF 84.45 a 87.35 a 86.87 a 89.92 a 90.29 a 

IGF1 92.77 a 88.47 a 85.14 a 88.16 a 84.71 a 

Values are equivalent to the mean percentage of urothelial cells positive for the antigens per group (n=5 

sections/animal/group). Kruskal-Wallis ANOVA, Student-Newman-Keuls Test. Along the same lines, 

values followed by different letters indicate a significant difference between groups (p<0.05). 

  

Figure 10. Immunoreactivities (%) in different intensity categories for antigens VEGF (A) 

and IGF-1 (B). */**/***Different symbols indicate a significant difference (p<0.05) between groups, 

when statistically differ in any category of immunoreactivity. ANOVA, Tukey test (n = 5 

sections/animal/group). Immunoreactivity was classified into four categories: Negative (0): absence of 

labeling; Low Positive (1): weak immunoreaction; Positive (2): moderate immunoreaction and High 

Positive (3) strong immunoreaction. 
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Figure 11. Immunolocalization of VEGF (A-E) and IGF-1 in the urinary bladders of 

different experimental groups. Control (healthy urothelium: A,F); Cancer (urothelial carcinoma in 

situ or pTis: B,G); PRP (non-invasive urothelial carcinoma pTa: C,H); Oncotherad (Flat Hyperplasia: 

D,I) and OncoTherad+PRP (Flat Hyperplasia: E,J). Bars = 50 µm. 
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Immunomodulation and antitumor response in NMIBC microenvironment 

promoted by OncoTherad® associated with PRP involves TLR-mediated 

IFN-γ production 

Collectively, the interpretation of these data supported the mechanism of action 

triggered by OncoTherad® immunotherapy (alone or associated with PRP) summarized in Fig 

12. 

 

 

Figure 12. Antitumor response triggered by OncoTherad® immunotherapy associated 

with PRP. OncoTherad® (isolated or associated with PRP) stimulates Toll like Receptors 2 and 4 in 

immune cells. TLR2 signaling involves MyD88 and activation of NF-kB that will be phosphorylated 

and translocated to the nucleus. This is the canonical pathway (MyD88-dependent), where activated NF-

kB leads to the production of pro-inflammatory cytokines as IL-6. TLR4 can recruit MyD88 in the 

canonical pathway or recruit TRIF to trigger the non-canonical pathway (MyD88-independent). TRIF 

will promote TBK1 Activation which will phosphorylate and activate IRF-3. IRF-3 in the nucleus will 

induce the expression of type I and II interferon genes as IFN-γ. IFN-γ triggers antitumor effects directly 

on tumor cells and indirectly by interacting and recruiting IFN-γ-producing cells, such as T-cells, 

macrophages, NK cells, and dendritic cells (DC) in the NMIBC microenvironment. IFN-γ stimulates 
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polarization of macrophages toward M1 phenotype. M1 macrophages show proinflammatory and 

tumoricidal activity with iNOS expression and enhanced capacity for cytokines secretion as IL-1β. IFN-

γ is required for maturation of naïve T-cells to effector CD8+ T-cells and also promotes maturation and 

activations of NK cells. IFN-γ also promotes maturation and MHC I and II up-regulation in dendritic 

cells (DC). Through a positive feedback loop IFN-γ stimulates its own production in cytotoxic T 

lymphocytes (CTLs) as TCD8 and NK cells activated after the antigen presentation of DCs. IFN-γ also 

inhibits immune-suppressive T regulatory cells (Tregs) which are related to immune escape of the tumor 

cells.  

 

DISCUSSION 

In this study, we used a chemically induced NMIBC model to evaluate the association 

of OncoTherad® immunotherapy and PRP as an antitumor strategy. We fully characterized the 

NMIBC model both therapy-free as well as under the different intravesical treatments. The 

NMIBC induction may have delayed weight gain in the animals, even though the feed intake 

in the Cancer group was higher. Other studies have also reported a decrease in body weight in 

rodents resulting from chemical induction with other N-nitroso carcinogens.39,40 Despite this, the 

administration of OncoTherad® associated or not with PRP recuperated the body weight, 

indicating absence of general toxicity and an effective treatment of the cancer state. 

OncoTherad®, alone or associated with PRP, led to the highest urinary density. After 

OncoTherad® treatment, there was also a higher protein concentration. Proteins present in the 

urine may lead to an increase in density41 and may even have originated from OncoTherad® 

itself. However, a variation of 1.0 to 1.03 in murine urinary density is considered minimal and 

still indicates a normal glomerular filtration rate.42 In addition, leukocyturia was observed in the 

Cancer group only. Under normal conditions, small numbers of leukocytes may be found in 

murine urine.42 Leukocyturia can occur due to urogenital tract inflammation resulting from 

urinary infection as well as non-infectious conditions such as lithiasis and neoplastic lesions.43 

The absence of macroscopic renal lesions indicates that there was no acute toxicity in 

the organs due to the treatments at the doses used, since renal alterations are common in 

preclinical studies of drug toxicity.44 A more edematous and reddish appearance (hyperemia) of 

urinary bladders due to dilation of blood vessels is described in cases of acute cystitis in mice.45 

Several urinary bladders of animals treated with OncoTherad® alone or associated with PRP 

showed hyperemia, indicating the stimulation of an inflammatory response. Thickening of the 
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urinary bladder wall may indicate the presence of neoplasia, especially when found focally; 

whereas when it is diffuse and/or symmetrical, it is usually related to benign conditions such as 

cystitis, immune infiltrate, edema in the lamina propria, urothelial hyperplasia, or being 

reactionary to intravesical treatments.46–48 Therefore, the thickening found in the wall of the 

bladders in the present study are due to both neoplastic processes and the acute inflammation 

caused by the treatments with OncoTherad® only or when it was associated with PRP. 

After the induction period with ENU, the presence of neoplasia (pTis) was found in 

100% of the animals, confirming the representativeness of this NMIBC model. The animals in 

the OncoTherad group exhibited mostly non-malignant lesions after 6 weeks of treatment. Thus, 

OncoTherad® intravesical treatment (20 mg/ml) not only inhibited tumor progression but also 

promoted a regression of induced malignant lesions. The antitumor effect of this nanodrug was 

already reported for bladder cancer induced in rats19,22 and spontaneous in dogs49 and humans.23,24 

The association of OncoTherad® (10 mg/ml) with PRP resulted in an inhibition of tumor 

progression statistically equivalent with the group that received the therapeutic dose (20mg/ml). 

In this way, an effect of PRP was demonstrated as the association was effective in reducing 

neoplastic lesions even with the OncoTherad® concentration reduced by half. 

Platelets play an active role in innate and adaptive immunity through adhesive 

interactions with leukocytes and endothelial cells, which can lead to pro-inflammatory events 

including leukocyte activation and recruitment as well as cascade cytokine production.50 The 

antitumor potential of PRP is possibly related to the modulation of the immune system that 

involves the action of growth factors and the chemotactic activity of platelets.32,50 In addition, the 

effectiveness of its association with OncoTherad® can be explained mainly by the relationship 

between platelets and polyphosphates (PolyP) which play an important proinflammatory 

activity.33,34,51 In our pilot studies, analyzes of physicochemical characterizations showed a higher 

concentration of PRP proteins upon interaction with OncoTherad®, possibly due to the ability 

of the phosphates present in the immunotherapy to induce the release of proteins by platelets. 

Another possible interaction is that OncoTherad® acts as agonist of TLR2 and TLR418,19 while 

both human and murine platelets can express TLRs such as TLR2, TLR4, and TLR9.50 Platelet 

expression of TLR4 mediates lipopolysaccharide (LPS)-induced thrombocytopenia and TNF-α 

production by leukocytes, indicating that these events may be responsible for activation of the 

innate immune system.50 

Decreased expression of Toll-like receptors in bladder cancer occurred for both TLR2 

and TLR4 in the NMIBC model which is consistent with previous data in patients and correlates 
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with tumor progression.14,15,52 This correlation may explain the decrease in the intensity of the 

TLRs immunoreaction according to the severity of the histopathological lesions in this study. 

Further, the decrease of IL-6 and IL-1β as well as IRF-3 in this NMIBC model support that 

both canonical and non-canonical pathways are involved in bladder carcinogenesis and related 

to the suppression of the immune response, allowing proliferation and survival of tumor cells.53–

55 However, TLR2 and TLR4 expression were recovered with Oncotherad® treatment as 

previously reported by our group 19,22,23 or when it was associated with PRP, which is related to 

the effectiveness in inhibiting tumor progression.  

OncoTherad® alone or plus PRP stimulated the canonical pathway, given the 

significant increases in the expression of NF-kB and IL-6. This activation may have occurred 

mainly through TLR4, also significantly up-regulated. The TLR4 stimulation with LPS induces 

an intracellular signaling that stimulates the expression of IL-6 in bladder cancer cells.56 On the 

other hand, after intravesical treatment with PRP alone, the levels of TLR2 expression and 

others mediators of the canonical pathway were not different from the group with NMIBC 

without treatment. Thus, PRP did not reverse the reduced pattern of TLR2 expression nor was 

it able to promote significant tumor inhibition when used alone. Previous studies in NMIBC 

models demonstrate that treatment with BCG mainly induces the canonical pathway, promoting 

an increase in the levels of TLR2 and TLR4, activation of MyD88 and NF-kB, and an increase 

in inflammatory cytokines such as TNF-α.36,57–59 Nonetheless, when PRP was associated with 

immunotherapy with BCG, it promoted activation through TLR4 and increased TRIF and IRF-

3, immunomodulating in favor of the non-canonical pathway.32  

The associated treatment also modulated the non-canonical or TRIF-dependent 

pathway in a more accentuated way, presenting the highest values of both total 

immunoreactivity and intensity for TLR4, even compared with the isolated treatments. Further, 

only the associated therapy recovered the TLR4 expression pattern found in healthy animals. 

Such results reinforce previous data from our group describing the stimulation of TLR4 by 

OncoTherad®19,22,23, but probably the associated treatment co-opted pathways through this 

receptor even more intensely. This occurrence can be explained since TLR4 is the only one of 

the TLRs that can trigger both the canonical and non-canonical pathways.60 Studies in murine 

models have shown that stimulation of TLR4 expression promotes antitumor effects in bladder 

cancer.57,59,61,62 Fungal compounds that act as TLR4 ligands induced maturation of dendritic cells 

and stimulated antigen presentation by these cells and subsequent specific T-cell response 

against bladder cancer in murine models.63,64 
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Previous studies have shown that OncoTherad® promotes distinct activation of the 

immune system mediated by TLRs, being able to increase protein levels for TLR4, TRIF, IRF-

3 and IFN-γ in the urinary bladder of rats with chemically induced NMIBC.19,22,23 In this study, 

intravesical treatments with OncoTherad® associated or not with PRP increased both total 

immunoreactivity and intensity of the immunoreaction for IFN-γ. Stimulation with fungal-

derived compounds associated with DNA vaccines promoted stimulation of dendritic cells and 

antitumor Th1 profile response through IFN-γ production by activated T cells in vitro and in 

vivo in C57BL/6J mice with bladder cancer.64,65 IFN-γ induces the expression of macrophage-

derived cytokines through the upregulation of TLR4 in human bladder cancer cell lines.66 This 

is an important regulatory mechanism, where TLR4 stimulation induces the production of 

cytokines such as IL-12 which stimulates the production of IFN-γ T-cells.67 

TBK1 were also increased by OncoTherad® isolated or associated with PRP which 

is consistent with the stimulation of TLR4-mediated IFN-γ production68 by OncoTherad®. The 

presence of IFN-γ in the tumor microenvironment attracts T-cells and promotes the 

development of a Th1 profile CD4 T-cell antitumor response which can give rise to a cytotoxic 

antitumor response via CD8+ T-cells and a direct tumoricidal activity related to M1 

macrophages expressing iNOS.69 As IFN-γ is central to CD8+ T cell activation70 the stimulation 

of its production by OncoTherad® treatment is related to the increase in the number of 

CX3CR1+ T-cells. Further, OncoTherad® and OncoTherad® plus PRP decreased FOXP3+ 

cells which is also implicated with the IFN-γ suppression effect on these cells.70  

The increase of IL-1β promoted by OncoTherad® plus PRP may be related to the 

immunogenic cell death as this interleukin is a key pro-inflammatory mediator and crucial 

during pyroptosis (inflammatory cell death).71 The induction of the non-canonical pathway by 

the Protein aggregate magnesium-ammonium phospholinoleate-palmitoleate anhydride (a 

biological response modifier obtained by fermentation from Aspergillus oryzae) increased 

iNOS levels as well as the apoptotic process, inducing immunogenic cell death in a NMIBC 

murine model.36 Likewise, OM-174 (TLR2/TLR4 agonist) induced the release of cytokines and 

IFN-γ by macrophages and monocytes, which led to iNOS expression in tumor cells followed 

by apoptosis in a model of colon cancer in mice.69 Furthermore, despite the presence of the 

growth factors in the PRP, intravesical treatment with PRP alone or associated with 

OncoTherad® did not increase VEGF and IGF-1 which are reported as progression biomarkers 

in bladder cancer.72,73 
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In this study, the TLR4 non-canonical pathway for the production of interferons was 

stimulated mainly by the association of treatments, given the significant increases in its 

mediators as well as IFN-γ itself, and three hypotheses may explain the results obtained: (1) the 

role of PRP in immunomodulating the response by stimulating mainly the non-canonical 

pathway, since PRP alone also increased IFN-γ immunoreactivity compared to Cancer, but the 

effects on the canonical pathway were not expressive, except for NF-kB. This may be explained 

by the late activation of NF-kB occurs in both canonical or non-canonical pathways after TRIF 

recruitment by TLR3 or TLR4, which culminates in the activation of IRF-3 and production of 

type I and II interferons.10,60 (2) Stimulation of the canonical and non-canonical pathway by 

OncoTherad® through TLR4, given the increase in expression of TLR4, NF-kB, IL-6, and IFN-

γ in comparison with the Cancer group. (3) Stimulation of the canonical and non-canonical 

pathway by the associated treatment OncoTherad+PRP through TLR4.  

Our findings confirmed the antitumor and immunomodulatory effects of 

OncoTherad® associated with PRP in the NMIBC model. OncoTherad+PRP led to activation 

of TLRs-mediated innate immune system mainly in the TRIF-dependent signaling pathway. 

The NMIBC microenvironment was modulated to a cytotoxic profile correlated with the IL-1β 

increase by stimulating immune pathways for IFN-γ production and consequent CD8+ T-cell 

activation and Tregs reduction. These mechanisms support the significant inhibition of tumor 

progression obtained with OncoTherad® alone or associated with PRP. In addition, PRP did 

not trigger carcinogenic effects in this NMIBC model. Therefore, this association may 

constitute a potential new therapeutic strategy for BCG-unresponsive NMIBC patients. 
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SUPPLEMENTARY MATERIAL 
 

 

Supplemental Figure 1. Obtaining Platelet Rich Plasma (PRP). Peripheral blood was collected 

and transferred in specific collection tubes. After the centrifugations, the blood was separated into three 

layers: Plasma and platelets with a few white blood cells dispersed in the plasma (supernatant), an 

intermediate layer composed of white blood cells (buff coat), and pellet composed of red blood cells. 

 

 

Supplemental Figure 2. Steps of the procedure for catheterization of the urethra and 

urinary bladder used in the induction of non-muscle invasive bladder cancer (NMIBC) 

and in intravesical treatments. (A) Positioning of the flexible catheter. (B) Insertion of the catheter 

into the external urethral ostium. (C) Complete insertion of the catheter reaching the interior of the 

bladder. (D) Intravesical instillation. 
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Supplemental Figure 3. Examples of environmental enrichment spaces used for mice. 
Environmental enrichment provides quality of life and well-being to experimental animals, as well as a 

more active behavior similar to the species' natural behavior1.  

1. Garbin LC, Faleiros RR, Do Lago LA. ENRIQUECIMENTO AMBIENTAL EM ROEDORES 

UTILIZADOS PARA A EXPERIMENTAÇÃO ANIMAL: REVISÃO DE LITERATURA. Revista 

Acadêmica Ciência Animal. 2012;10(2):153. doi:10.7213/academica.7692 

 

 

Supplemental Figure 4. Macroscopic evaluation of the urinary bladder at the time of 

euthanasia. (A) Examination of the abdominal cavity and urinary tract. (B) Detail of the urinary 

bladder with normal vascularization, translucent wall and no externally apparent thickening. 
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Supplemental Table 1. Primary antibodies for Immunohistochemistry. 

Antibody Clonality Code  Distributor Dilution 

TLR2 polyclonal sc-10739  Santa Cruz Biotechnology, USA 1:100 

MyD88 polyclonal sc-11356  Santa Cruz Biotechnology, USA 1:50 

NF-κB polyclonal ab-7970  Abcam, USA 1:300 

IL-6 polyclonal bs-0782R  Bioss, USA 1:50 

TLR4 monoclonal sc-293072  Santa Cruz Biotechnology, USA 1:50 

TRIF polyclonal sc-67061  Santa Cruz Biotechnology, USA 1:75 

IRF-3 monoclonal sc-376455  Santa Cruz Biotechnology, USA 1:75 

IFN-γ monoclonal sc-12755  Santa Cruz Biotechnology, USA 1:50 

TBK1 monoclonal sc-398366  Santa Cruz Biotechnology, USA 1:50 

CX3CR1 monoclonal sc-377227  Santa Cruz Biotechnology, USA 1:50 

IL-1β monoclonal sc-12742  Santa Cruz Biotechnology, USA 1:50 

FOXP3 monoclonal sc-53876  Santa Cruz Biotechnology, USA 1:200 

VEGF monoclonal sc-7269  Santa Cruz Biotechnology, USA 1:50 

IGF-1 polyclonal sc-9013  Santa Cruz Biotechnology, USA 1:50 
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ABSTRACT 

The term ovarian carcinoma (OC) refers to a heterogeneous collection of five distinct diseases 

known as histotypes. While histotype-specific treatment is still a clinical challenge, well-

characterized models are required for testing new therapies. Here, we assessed whether a 

chemically-induced animal model was representative of human OC by providing histotype 

classification. To put animal model characterization into context of new potential OC therapies, 

we employed OncoTherad®, an interferon (IFN-γ)-stimulating immunotherapy mediated by 

Toll-like receptors (TLR) 2/4, in association or not with Erythropoietin (EPO). Thirty-five 

Fischer rats were distributed into 5 groups: Control (Sham surgery); Cancer (7,12-

dimethylbenzoanthracene – DMBA injection in the ovarian bursa, 1.25 mg/kg); OncoTherad® 

(20 mg/kg intraperitoneal); EPO (8.4 µg/kg intraperitoneal); and OncoTherad+EPO (same 

doses). Ovary specimens were formalin-fixed into paraffin-embedded blocks. TLR pathway 

and the profile of the inflammatory response were evaluated by immunohistochemistry (IHC). 

After DNA extraction and tissue microarray construction, we assessed typical gene mutations 

directly (Sanger sequencing) or indirectly (IHC surrogates) and examined biomarkers typical 

of different OC histotypes. OC induction decreased immunoreactivities of TLR2, TLR4, and 

proinflammatory cytokines. OncoTherad® alone or associated with EPO was able to prevent 

ovarian lesions and modulate the OC microenvironment to a cytotoxic immune profile 

involving TLR signaling. EPO alone was immunosuppressive. The features analyzed favored 

interpretation of our DMBA-induced tumor model as low-grade serous carcinoma-like in which 

treatments with OncoTherad® and EPO showed immunomodulatory properties related to the 

reduction of ovarian lesions. 

Key words: ovarian cancer; immunotherapy; DMBA; erythropoietin; OncoTherad; IHC 

biomarkers. 
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HIGHLIGHTS 

• The new DMBA-induced ovarian cancer model was morphologically and molecularly 

characterized as low-grade serous carcinoma-like  

• OncoTherad® immunotherapy and Erythropoietin showed immunomodulatory and 

antitumor properties in the OC model 

• OncoTherad® alone or associated with EPO modulated the tumor microenvironment to 

a cytotoxic profile through TLR2 and TLR4 stimulation, increasing proinflammatory 

cytokines and M1 macrophages 

• EPO alone was immunosuppressive through stimulation of TLR2 and increased M2 

macrophages and Tregs 

• The association of treatments might have triggered a compensatory effect between both 
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INTRODUCTION 

Ovarian cancer (OC) ranks fifth among cancer deaths in women and remains the 

deadliest of all gynecological cancers [1,2]. Most patients are diagnosed in stages III or IV, 

whose 5-year survival is about 27% and 13%, respectively [3,4]. These poor survival rates are 

associated with the high recurrence rate after standard therapy, absence of early-stage disease 

markers and its asymptomatic nature, as symptoms that could lead to diagnosis tend to manifest 

after metastasis has already occurred [5]. The OC poor outcomes highlight the need to develop 

new clinical approaches and especially a better understanding of this disease.  

The term ovarian cancer refers to a heterogeneous group of distinct malignant 

tumors that differ with respect to morphology, etiology, biological behavior, prognosis, 

molecular, genetic, and clinical attributes [6–8]. Invasive epithelial ovarian cancer (ovarian 

carcinoma) comprises five major histopathological subtypes: high-grade serous carcinoma 

(HGSC), endometrioid carcinoma (EC), clear cell carcinoma (CCC), low-grade serous 

carcinoma (LGSC), and mucinous carcinoma (MC) [6,9]. HGSC can be characterized by near-

ubiquitous TP53 mutation while in LGSC, TP53 is altered in less than 10% of cases and usually 

harbors mitogen-activated protein kinase (MAPK) pathway-activating KRAS or BRAF 

mutations [10]. MC is associated with KRAS mutation and HER2 gene amplification [11–13] 

and CCC or EC harbor defects in PTEN, PIK3CA, and ARID1A, consistent with the shared 

molecular pathogenesis and etiology [8,14–16]. Despite important differences between OC 

subtypes, including different levels of chemosensitivity, in many cases standard therapies 

neglect these differences and treat them as a single disease [8]. New therapeutic approaches 

must take into account the heterogeneity between, and within, the different OC subtypes since 

it has shown to have a critical influence on treatment response and clinical outcomes [8].  

The 7,12-dimethylbenzoanthracene carcinogen (DMBA) is able to induce the 

formation of neoplasms of epithelial origin with histological, molecular, and dissemination 

patterns similar to OC in humans, including epithelial and metabolic markers and TP53 and 

KRAS mutations [17,18]. Since specific treatment for different OC subtypes is still a clinical 

challenge, these models are useful to test therapeutic interventions considering the molecular 

features, components of the tumor microenvironment including aspects of the immune system, 

and treatment stratification [19]. Further, prior studies in murine models suggest there is some 

plasticity in the cell of origin that may allow genomic modifications to ovarian surface 

epithelium to phenotypically mimic a range of ovarian carcinoma histologies [20,21]. Mouse 

models have been shown to molecularly and phenotypically emulate EC, CCC, and HGSOC 
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based on modification of ovarian surface epithelium. Yet, their corresponding human disease 

counterparts are widely accepted to be predominantly from uterine/endometriosis and tubal 

epithelial origins (respectively) [22–24]. While such models may differ in precise cell of origin, 

compared to human disease, they are nonetheless useful in preclinical investigations and 

functional-mechanistic therapeutic evaluations [25,26].  

Specific immune activities in the tumor environment have been shown to be 

associated with positive outcomes in OC [27,28]. OncoTherad® immunotherapy [Biological 

Response Modifier - Inorganic Phosphate Complex 1 (MRB-CFI-1)] - patents granted in Brazil 

(BR102017012768B1)[29] and the USA (US11572284B2, US11136242B2)[30] - is a 

nanostructured inorganic phosphate complex associated to glycosidic protein, developed by 

University of Campinas, Brazil. This nano-immunotherapy leads to distinct stimulation of the 

innate immune system mediated by Toll-like receptors (TLRs) 2 and 4, resulting in an increased 

activation of the interferon (IFN) signaling pathway in preclinical studies and clinical-

veterinary trial in dogs [31,32]. In a prospective, single-center, single-arm phase I/ II study 

(Clinical Trial: RBR-6swqd2) [33] with non-muscle invasive bladder cancer (NMIBC) patients 

we also demonstrated that OncoTherad® nano-immunotherapy seems a safe and effective 

treatment option for Bacillus Calmette-Guérin-relapsed and/ or intravesical chemotherapy-

relapsed NMIBC patients [34,35]. The antitumor and immunomodulatory effects of 

OncoTherad® are promising and should be analyzed in other cancer types that also establish 

immunosuppression in the tumor environment, such as OC. 

Erythropoietin (EPO) may also play an immunomodulatory role. The anti-

inflammatory effects of EPO have been described in different animal models, through the 

reduction of the expression of pro-inflammatory cytokines and the apoptotic process [36]. In 

experimental murine models, EPO acted on the activity of B lymphocytes [37], dendritic cells 

[38], and macrophages [39]. Regarding the ovaries, EPO has shown protective and antioxidant 

effects in rats and mice, aiding tissue damage and improving follicular survival and functioning 

[40–42]. The protective effect of EPO has also been reported in female rats undergoing cisplatin 

chemotherapy, being able to improve ovarian function and prevent infertility [43]. Tamoxifen 

lipid nanocarriers and surface EPO conjugates have shown promising results with increased 

cytotoxic activity in vitro in human breast adenocarcinoma cells [44] and in rat breast 

adenocarcinoma models [45]. OC patients are usually of advanced age, postmenopausal, and 

have low tolerance for anemia [36].  In this way, women with gynecological cancers comprise 
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a subset of cancer patients who potentially benefit from the use of Erythropoiesis-Stimulating 

Agents [46]. 

Given this context, we intended to assess whether a DMBA chemically-induced 

animal model was representative of human OC. To put animal model characterization into 

context of new potential OC therapies, we employed OncoTherad® in association or not with 

Erythropoietin (EPO) and evaluated the TLR pathway and the profile of the inflammatory 

response. We also assessed both mutational and Immunohistochemistry (IHC) biomarkers 

routinely used for human OC to provide histotype context in the evaluation of OncoTherad® 

and EPO effects. 

 

MATERIAL AND METHODS 

Drugs and dosages 

OncoTherad® (MRB-CFI-1) was synthesized, purified and fully characterized [30,31]. 

The compounds were suspended in 0.9% saline solution, at a concentration of 20 mg/ml and 

the established dosage was the therapeutic dose of 20mg/kg, which corresponded to 

intraperitoneal applications of an average of 0.2ml. 

The EPO formulation used was Eritromax®, alpha-epoetin lyophilized powder (rHuEPO, 

4,000 IU/ml) from Blau Farmacêutica S.A. (Cotia, SP/Brazil). With 1 µg of the compound 

being equivalent to approximately 120 I.U., the powder was dissolved in 0.9% saline solution 

up to a concentration of 33.6 µg/ml (4,000 IU/ml). The dosage used was 1,000 IU/kg or 8.4 

µg/kg - adapted from Hardee et al. [47] - corresponding to intraperitoneal applications of an 

average of 0.05 ml. The association of OncoTherad® (MRB-CFI-1) and Erythropoietin were 

made in the same doses and diluents as the isolated treatments and the new compounds were 

characterized by chemical-physical analysis. 

Ovarian carcinoma induction and experimental groups 

Thirty-five Fischer 344 rats (F344/NTacUnib) with 80 days of age and average weight of 

200g, obtained at the Multidisciplinary Center for Biological Research at the University of 

Campinas (CEMIB/UNICAMP) were used. The animals were kept in a vivarium with adequate 

and individualized facilities in propylene boxes lined with wood shavings (2 animals/box) and 

ventilated and sterile mini-isolators, in an appropriate and enriched environment (Supplemental 

Fig. 1), under controlled conditions of temperature (22 ± 2°C) and light (12h light/dark cycle, 
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200 lux). All animals received a solid diet consisting of chow (Nuvilab®, Colombo, PR/Brazil) 

and water ad libitum. The experimental protocol followed the ethical principles in animal 

research according to the National Research Council's Guide for the Care and Use of Laboratory 

Animals (National Research Council, 2011) and was authorized by the Committee on Ethics in 

the Use of Animals – CEUA/UNICAMP (Registration 5555-1/2020). 

The OC chemical induction model consisted of a single injection with 7,12-

dimethylbenzoanthracene – DMBA (Sigma Chemical Co, St Louis, Mo) into the ovarian bursa 

of the left ovary (Chuffa et al. [48]; Supplemental Fig. 2). The animals were anesthetized during 

the estrus phase, the ovarian bursa was identified and its space filled with a single injection of 

DMBA at a dose of 1.5 mg/kg of body weight, dissolved in 10 µl of sunflower oil (adapted 

from Chuffa et al. [48]). Ten rats underwent sham surgery (control), receiving 10 µl of 

sunflower oil injection under the same procedures as the induced groups. For 150 days on 

average, the animals were monitored and tumor development was assessed by X-ray computed 

microtomography (micro-CT). After this period, the animals were divided into five 

experimental groups (n= 7 animals/group, Fig. 1): a) Sham Healthy Control (CONTROL): 

rats that underwent Sham surgery were treated with 0.3 ml of 0.9% saline solution 

intraperitoneally, twice a week for 4 weeks; b) Ovarian Cancer Control (CANCER): after 

the development of OC, the rats were treated with 0.3 ml of 0.9% saline solution 

intraperitoneally, twice a week for 4 weeks; c) Treated with OncoTherad® 

(ONCOTHERAD): after the development of OC, the rats were treated with OncoTherad® 

(MRB-CFI-1) 20mg/kg, intraperitoneally, twice a week, for 4 weeks; d) Treated with 

Erythropoietin (EPO): after the development of OC, the rats were treated with epoetin alfa 

(rHuEPO) 1000 IU/kg, intraperitoneally, twice a week, for 4 weeks; e) Treated with 

OncoTherad® and Erythropoietin (ONCO+EPO): after the development of OC, the rats 

were treated with OncoTherad® (MRB-CFI-1) 20mg/kg and epoetin alfa (rHuEPO) 1000 

IU/kg, via intraperitoneal, 2 times a week for 4 weeks. 
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Fig. 1. Experimental protocol according to weeks. In the 3rd and 4th weeks, chemical induction 

surgeries of OC and Sham surgery were performed. The period between the 4th and 25th week 

corresponds to the period of tumor development. The period between the 25th and 28th week 

corresponds to the 4 weeks of treatments with OncoTherad® (20mg/kg); Erythropoietin (EPO, 8.4 

µg/kg); OncoTherad® associated with Erythropoietin in the same doses of the isolated treatments. 

Treatments were carried out twice a week for 4 weeks. The 29th week corresponds to the euthanasia of 

the animals. 

 

X-ray computed microtomography (micro-CT) 

In vivo monitoring and three-dimensional investigation of tumor development were 

performed in all animals using X-ray computed microtomography (micro-CT) with the Skyscan 

1178 device (SkyScan 1178, Bruker, Brussels, Belgium). The microtomography scanner of the 

Institute of Biology at UNICAMP and is located at the Multiuser Laboratory of Cellular and 

Molecular Biology, building OCRC – Research Center on Obesity and Comorbidities at 

UNICAMP. The animals were anesthetized with 10% ketamine (60 mg/kg, via i.p.) and 2% 

Xylazine (5 mg/kg, via i.p.) and placed in dorsal decubitus on the scanner bed (Supplemental 

Fig. 3). Capture was performed using the following acquisition parameters: exposure of 480 

ms; rotation step 0.18°; 0.5mm aluminum filter; voltage source 65 kV; current voltage 314 uA; 

360º rotation and 84.60 µm image pixel size. The images transmitted from the scan were three-
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dimensionally reconstructed using the NRecon software version 1.6.10.2 (SkyScan, Bruker), 

which uses the filtered back-projection algorithm, based on the images acquired by the scanner. 

Estrous Cycle Assessment 

The estrous cycle was monitored by cytological examination in order to assess the presence 

of cyclicity during the experimental period. Cytological examination was performed daily at 

the beginning of the vivarium's light phase, in which the vaginal washing technique was applied 

[49]. The material was prepared through the usual cytological technique, with fresh analysis 

and with Shorr and Hematoxylin staining and the corresponding phases of the estrous cycle 

were analyzed in light microscopy and identified based on the cell types present: a) proestrus, 

consisting of cells nucleated epithelium; b) estrus, with a predominance of anucleated 

keratinized cells; c) metestrus, consisting of leukocytes in combination with keratinized cells 

and mucus; d) diestrus, with predominance of leukocytes and mucus [49,50]. 

In order to quantitatively and statistically evaluate the estrous cycle of the rats, data from 

periods of 15 complete and consecutive days were analyzed in 3 specific phases of the 

experimental period: (1) before surgery for OC induction, (2) after tumor development (before 

treatment) and (3) after treatments (before euthanasia). The quantitative parameters evaluated 

over periods of 15 consecutive days were: (1) Cycle Length (number of days between one estrus 

and the next estrus); (2) Number of Estrus (number of days in the estrus phase); and (3) Number 

of Diestrus (number of days in the diestrus phase). 

Macroscopic Evaluations 

Macroscopic analyzes and photographic records with a scale of the reproductive tract were 

performed at the time of euthanasia of the animals. The absolute weights of the ovaries and 

uteri were recorded and the relative weight was also calculated (g/100g of body weight). 

Survival Analysis 

Mortality data were collected throughout the experimental period, considering all 

spontaneous deaths that occurred during tumor development and the treatment period. For 

survival analysis, the Kaplan-Meier method was used, which estimates the probability of 

survival during the period considered and for making the graph. The period considered was 

after the OC induction surgery until the date of death of the animal (in the case of spontaneous 

death) or until the moment of euthanasia. The log-rank test was used to assess whether there 

were differences in survival between experimental groups. 
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Tissue processing and histology analysis 

At the end of the experimental period, the females were euthanized in the diestrus phase 

for standardized anatomical-morphological analysis. The ovaries were collected and fixed in a 

10% formalin buffer solution (in PBS, v/v) for 24 hours. Subsequently, the fixative was 

removed by bathing in running water and the material was dehydrated in increasing solutions 

of ethyl alcohol, cleared in xylene and included in Paraplast (Oxford Labware, St. Louis, USA). 

5µm-thick sections made in a Leica RM2165 microtome were transferred to silanized slides 

and stained by Hematoxylin-Eosin (HE) techniques for histopathological analysis under light 

microscopy performed by a specialized pathologist. 

Immunohistochemistry for TLR2, TLR4, IL-6, IFN-γ, iNOS, F4/80, CD163, 

FOXP3: Quantitative Analysis 

5µm sections of the ovaries were also used for immunostaining. The EasyLink One kit 

(EasyPath EP-12-20504 São Paulo, Brazil) was used for antigen detection according to the 

manufacturer's instructions. Antigenic retrieval was performed by incubating the sections in 

citrate buffer (pH 6.0) at 100°C in a microwave oven. The endogenous peroxidase blockade 

used was the Peroxidase Blocker (EP12-20523) with subsequent incubation in a 5% Goat 

Serum blocking solution (EP-12-20532) for 10 minutes at room temperature. Subsequently, the 

TLR2, TLR4, IL-6, IFN-γ, iNOS, F4/80, CD163, FOXP3 antigens were located through 

specific primary antibodies (Supplemental Table 1), diluted in 1% Goat Serum (EP-12-20532) 

and stored overnight at 4 ºC. After washing with TBS-T buffer, the sections were incubated 

with HRP-polymer (EP-12-20503) from the EasyLink One kit for 25 min and, subsequently 

revealed with diaminobenzidine (DAB), counter-stained with Harris Hematoxylin and 

evaluated in the DM2500 photomicroscope (Leica, Munich, Germany). 

To assess the intensity of antigen immunoreactions, five fields were examined at 100x 

magnification per animal and for each antibody. The analysis of the immunoreaction was 

performed globally, that is, considering the sections that included the gonad as a whole, 

including all the constituent structures (corpora lutea, healthy and atretic follicles of all stages, 

interstitial tissue, among others) for all groups. Immunoreactivities were quantified using the 

Image J software (https://imagej.nih.gov/ij/) in the IHC Profile analysis for the quantification 

of antigen-positive cells [51]. Quantitative data were evaluated in two ways: Total 

Immunoreactivity and Immunoreactivity Intensity. Total immunoreactivity was obtained as the 

result of the percentage of ovarian cells negative for a given antibody subtracted from 100%, 
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that is, the values represent the total number of cells in the field that showed immunoreactivity 

for the evaluated antibody. The analysis of the Immunoreactivity Intensity was performed from 

the categorization of the immunoreaction occurring in the cells by intensity criterion. The 

categories defined in the Image J software were: absent (Negative), weak (Low Positive), 

moderate (Positive) and strong (High Positive). The values obtained in the different intensity 

categories were represented in column graphs and are equivalent to the percentage of cells in 

the field that showed marking at each level (absent, weak, moderate or strong) for each 

antibody. 

Tissue Microarray (TMA) and Immunohistochemistry for histotyping 

Tissue microarrays (TMAs) were constructed from the formalin-fixed paraffin-embedded 

donor blocks containing the left ovary of all animals. Representative lesions cores (1.0 mm, in 

duplicate when it was possible), previously identified and marked by the pathologist, were 

punched and then arrayed in a recipient paraffin block using a semi-automated Pathology 

Devices Tissue micro-Arrayer®. In the case of the Healthy Control Group, representative colors 

of the normal tissue were also arrayed. Uninvolved rat tissues (spleen kidneys, uterus, 

mammary gland, and tests from the Center for Comparative Medicine – Animal Care Services 

of the University of British Columbia (UBC) were also represented on the TMAs to aide in 

optimization and positive control staining for antibodies. The tissue microarray (TMA) blocks 

were sectioned using standard microtomy. 

Immunohistochemistry (IHC) was carried out using four-micron (4 μm) sections of TMAs 

that were immunostained on a Leica Bond Rx autostainer (Agilent Technologies). Briefly, 

sections were deparaffinized in xylene, and dehydrated through an alcohol series with 

sequential reduction in water content. Heat and pH-based antigen retrieval were used as 

appropriate for the epitope and antibody. Endogenous peroxidase activity was blocked in 3% 

hydrogen peroxide. Slides were then incubated with the target antibodies and developed with 

appropriate secondary detection systems followed by DAB chromogen. Finally, sections were 

counterstained with hematoxylin and mounted [11]. Sections of the TMAs of positive controls 

for the antibodies (spleen kidneys, uterus, mammary gland, and testes donated by the Centre 

for Comparative Medicine - UBC) were used for the optimization and the establishment of the 

protocol conditions. The primary antibodies used and the final dilutions were represented in 

Supplemental Table 2. 

The IHC Scoring for Wt1, Arid1A, Hnf1b, and Pr considered two types of regions 1) the 

whole epithelium and 2) abnormal cells in the stroma according to the alterations described in 
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the previous histopathological analysis. The staining was classified in negative, positive, or 

heterogeneity. The heterogeneity pattern of staining was defined as a core that showed at least 

one region where there was positive staining in some cells as well as negative cells for the 

antigen. 

The IHC Scoring for p53 as defined based on the staining pattern found in Control. In this 

way, the scores were defined as: 1 (Normal) - occasional nuclear positive cells and cytoplasmic 

positivity; 0 (Abnormal) - complete absence in epithelial cells but “normal” pattern in stroma; 

2 (Abnormal) - strong nuclear expression in virtually all epithelial cells and cytoplasmic 

positivity, normal pattern in stroma; 3 (Abnormal) - cytoplasmic staining in epithelial cells 

(very rare nuclear positivity), normal pattern in stroma). The same scores were used for the 

abnormal structures in the ovarian stroma. 

CD3 positive cells count 

For CD3 positive cell count, immunohistochemistry (IHC) was carried out using four-

micron (4 μm) sections of TMAs. The total number of positive cells were counted considering 

the non-tumor areas (normal) and the abnormal/tumor regions separately. For each core, the 

area of the two areas was assessed and the final count was the number of CD3 positive 

cells/μm2/type of region. All the measurements and counts were performed in the Aperio Image 

Scope Software version 12.4.6.5003 (Leica Biosystems). The results were evaluated in two 

ways: 1) Comparison among the groups with Kruskall Wallis test and 2) Comparison between 

the non-tumor and abnormal/tumor areas inside each experimental group, using T paired Test.  

Analysis of ovarian cancer driver mutations 

We tried to identify driver mutations in our samples to compliment and corroborate IHC 

results. While it has been relatively commonplace in human disease, we designed and tested 

rat-specific primers and short-amplicon sequencing required for testing of DNA from Formalin-

fixed, paraffin-embedded (FFPE) tissues.   

 

Primer Design 

The equivalent mutation hotspots between human genes and their rat paralogues were 

researched and in silico primer design was undertaken for sequencing assays (detailed 

information is in the “Primer Design” file attached to this report submission process on Sage 

website). The primers (Table 1) were designed for Kras; Pik3ca; and Ctnnb1 (hotspots only). 
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Primer 3 Plus web interface - https://www.primer3plus.com/ [52] was used to design the 

primers from the DNA sequence. BLAT from Genome Browser – https://genome.ucsc.edu/cgi-

bin/hgBlat (University of California Santa Cruz, Genomics Institute) was used to check the 

specificity of the primers to the hotspot only. 

 

Table 1. Primers used for PCR amplification and sequencing. 

Gene Exon Targets (Codons) Primer Sequence 

Kras 1 12, 13 Forward 5′ - AGGCCTGCTGAAAATGACTGA - 3′ 
   

Reverse 5′ - AGGGTGGCAGTCATCCTTTGTG - 3′ 

Pik3ca 9 542, 545 Forward 5′ - AACAGCTCCGAGCACTTTGT - 3′ 
   

Reverse 5′ - ACCCATGAGAGTGACCCAGA - 3′ 

Pik3ca 20 1043, 1047 Forward 5′ - TCTCCATGATGCTTGGCTCC - 3′ 
   

Reverse 5′ - TGAACTGAGATGGCAGCTGG - 3′ 

Ctnnb1 2 32, 33, 34, 37, 41, 45 Forward 5′ - AGTTGGACATGGCCATGGAG - 3′ 
   

Reverse 5′ - AGTCCTTCACGCAAGAGCAA - 3′ 

 

Microdissection 

Five-micron (5 μm) sections of the FFPE blocks were stained with Hematoxylin to facilitate 

the identification of the abnormal regions. Using a dissection microscope, the tissue of interest 

was separated and collected using 20G bevel-tip needles and DNase/RNase free H2O. The tissue 

was transferred to PCR tubes containing 12µl of Proteinase K buffer each (reconstituted from 

PicoPure DNA Extraction Kit, Applied Biosystems, Thermo Fisher Scientific) and then kept in 

a -20ºC freezer.  

The dissection of the areas of interest was enriched for abnormal regions (when it was 

possible) using corresponding Hematoxylin and Eosin (H&E) slides as a reference. In the case 

of the Healthy Control Group all the ovarian tissue was collected. 

 

DNA Extraction and Quantification 

DNA from the ovaries specimens was extracted using the PicoPure DNA Extraction Kit, 

Thermo Fisher Scientific). For the primers testing, DNA of the uninvolved rat tissues (spleen 

kidneys, uterus, mammary gland, and testes) donated by UBC were extracted after scrolling 

and deparaffinization as there was no specific area of interest.  
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155ul of reconstitution buffer from PicoPure DNA Extraction Kit were added to the tubes 

containing microdissected tissue and 12µl of ProK buffer. The samples were centrifuged for 15 

minutes to pull all tissue pieces from the sides of the tubes. After, the samples were put to digest 

overnight at 65°C in the MiniAmp™ Plus Thermal Cycler (Thermo Fisher). In the next 

morning, 3 µl of ProK buffer and 1 µl of ProK solution (20 mg/mL) were added to each tube 

as well as H2O up to a total volume of 16 µl (to compensate for evaporation of buffer in the 

tubes). The digesting was continued at 65°C for another 2-4 hours. Afterwards, the ProK was 

inactivated by incubating the samples at 90°C for 10 minutes. 1 µl of each sample was reserved 

for quantification with QuBit assay, while the remainder was stored in a -20°C freezer. DNA 

concentration was quantified using a Qubit 2.0 Flu-orometer (Thermo Fisher Scientific) and the 

Qubit™ dsDNA HS Assay Kit (Thermo Fisher Scientific) following the manufacturer's 

protocol.  

 

PCR 

The regions containing the hotspots of Kras, Pik3ca, and Ctnnb1 were amplified using the 

primers described in Table 2. The PCR reaction was performed in a 20 μL volume mixture 

containing 5 ng of DNA (5ng/μL diluted in Tris 10 μM), 18 μL of Platinum™ PCR SuperMix 

High Fidelity (Invitrogen, Thermo Fisher), and 1 μL of Primer Working Solution (20 μM of 

each forward and reverse primer diluted in Tris 10 μM). The PCR amplification was performed 

in the MiniAmp™ Plus Thermal Cycler (Thermo Fisher) under the following cycling 

conditions: initial denaturation at 94°C for 10 minutes, followed by 35 cycles of denaturation 

at 94°C for 10 seconds, annealing at 58°C for 15 seconds, and extension at 68°C for 30 seconds, 

and final extension at 68°C for 10 minutes.  

Gel electrophoresis was performed to confirm the amplicon's presence. The expected PCR 

product size was ~200 base pairs (bp). We used a 2% agarose gel and GelPilot DNA Molecular 

Weight Markers 100bp (QIAGEN, Germantown, EUA) as a ladder. 

 

Sample preparation for sanger sequencing and mutation analysis 

Ten microliters of amplified products were then purified with 4 μL of ExoSAP-IT PCR 

Product Clean up (Applied Biosystems, Thermo Fisher). The mixture was treated at 37°C for 

15 minutes, followed by enzyme deactivation at 80°C for 15 minutes. DNA concentration was 

quantified again using a Qubit 2.0 Flu-orometer (Thermo Fisher Scientific) and the Qubit™ 
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dsDNA HS Assay Kit (Thermo Fisher Scientific). Each sample was diluted to 1 ng/µL in a 

volume of 10 µl per sequencing reaction and 5 µl of CS1 and CS2 primers (5 µM) were added. 

Four 96 well PCR rigid plates were sent to Azenta Life Sciences (Seattle, EUA) for Sanger 

DNA Sequencing. 

Sequence analysis was performed using Mutation Surveyor® DNA Variant Analysis 

Software (SoftGenetics, State College, EUA) to compare sample sequences to a reference 

sequence. 

Statistical Analysis 

The quantitative data obtained were represented as mean ± standard deviation and 

evaluated by means of ANOVA parametric analysis of variance, complemented with the Tukey 

test, when it presented normality and homoscedasticity. In cases of absence of normality, the 

Kruskal-Wallis non-parametric analysis of variance was used, complemented by the Student-

Newman-Keuls test. Estrous cycle data and weights were presented in tables and graphs, and 

the graphical representation was performed by bar graph and Box Plot graph. The Kaplan-Meier 

method was used for survival analysis, and the log-rank test (Mantel-Cox) was performed to 

assess differences in survival between experimental groups. For the quantitative 

immunohistochemical analyses, the average of the total immunoreactivity for each group and 

for each antibody was calculated and the data were examined in the above mentioned analysis 

of variance depending on the characteristics of each set. Immunoreactivities by category of 

labeling intensity were represented in voice graphs and data were evaluated using two-way 

analysis of variance (two-way ANOVA), complemented by Tukey's test for each level of 

immunoreaction (absent, weak, moderate or strong). The results of CD3 positive cells were 

evaluated in two ways: 1) Comparison among the groups with Kruskall Wallis test and 2) 

Comparison between the non-tumor and abnormal/tumor areas inside each experimental group, 

using T paired Test. The softwares used for analysis and creation of graphs were GraphPad 

Prism, version 7.00 (GraphPad Software Inc., San Diego, California, USA), BioEstat 5.0 

(Sociedade Civil Mamirauá/CNPq, Belém, PA, Brazil), and R Statistical Package, version 4.0.2 

[53]. Statistical significance was 5% (p<0.05) for all applied tests. 

 

 

 



124 
 

RESULTS 

 

DMBA OC induction led to cycle dragging by causing persistent diestrus 

Analysis of the estrous cycle of Healthy Control and Cancer Control rats showed that 

neither Sham surgery nor chemical induction of ovarian cancer with DMBA inhibited cyclicity. 

Furthermore, treatments with OncoTherad® and Erythropoietin, alone or in association, also 

did not prevent the cyclicity that was confirmed by the occurrence of the estrus phase 

recurrently. The rats in the experimental groups exhibited all phases of the estrous cycle (Fig. 

2) and it was possible to verify the occurrence of ovulation by the presence of the estrus phase. 

Prior to the start of the OC induction surgeries with DMBA, the rats of all groups did not 

present significant differences (p>0.05) in the duration of the estrous cycle, number of days in 

estrus and in diestrus (Fig. 3). The average duration of the cycle was between six and seven 

days, and around three days in the estrus phase and 5 to 6 days in the diestrus phase, considering 

a period of 15 days. At the end of the tumor development period, it was possible to observe an 

increase in absolute numbers in the duration of the estrous cycle and in the number of days of 

estrus in the OC-induced rats in comparison with the Healthy group (Fig. 3), although these 

differences were not statistically significant (p>0.05). Regarding the number of diestrus, there 

were also no significant changes (p>0.05) when comparing the groups (Fig. 3). 

At the end of the treatment period (before euthanasia of the animals), all groups in which 

the rats were induced to OC (Cancer, OncoTherad, EPO and OncoTherad+EPO) exhibited an 

increase (p<0.05) in cycle length estrous compared to the Healthy group (Fig. 3). This cycle 

drag was confirmed by the greater (p<0.05) number of days of estrus in these same groups 

compared to the Healthy Control group (Fig. 3). In addition, it was possible to notice that the 

treatments did not change the estrous cycle or accentuate the changes resulting from induction, 

since the same cycle pattern was observed in the Cancer group without treatment before 

euthanasia. Regarding diestrus, there were no statistically significant differences (p>0.05) 

between groups at the end of treatments (Fig. 3). 
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Fig. 2. Phases of the Estrous Cycle. Images obtained after the examination of vaginal cytology for 

the identification of the phases of the cycle in magnifications of 100x and 200x (visualization of the 

proportion between the different cell types) and 400x (identification and confirmation of the cell type). 

(A-C) Proestrus, consisting mostly of nucleated epithelial cells. (D-F) Estrus, with a predominance of 

anucleated keratinized cells. (G-I) Metaestrus, consisting of leukocytes in combination with keratinized, 

nucleated epithelial cells, and mucus. (J-L) Diestrus, with predominance of leukocytes and mucus. Shorr 

stain and Hematoxylin. Bars = 200 µm (A, D, G, J); 100 μm (B, E, H, K) and 50 μm (details in C, F, I, 

L). 
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Fig. 3. Estrous Cycle Parameters before OC induction surgery (A-C); before treatments 

(D-F); and before euthanasia (G-I). (A, D, G) Cycle length in days. (B, E, H) Number of days in 

the estrus phase in a consecutive 15-day period. (C, F, I) Number of days in the diestrus phase in a 

consecutive 15-day period. Values expressed as mean ± standard deviation. */** Different symbols 

indicate statistically significant differences (p<0.05). (A, B, D, F, G, H, I) Kruskal-Wallis, Student-

Newman-Keuls test. (C, E) ANOVA. 
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Ovarian weight did not change after OC induction with DMBA 

The absolute and relative weights (g/100g of body weight) of the left ovary did not show 

statistically significant differences (p>0.05) between the experimental groups (Fig. 4). Despite 

this, it is possible to observe in the graphs that the groups that were induced to ovarian cancer 

have the highest values of absolute and relative weight of the left ovary. Micro-CT examination 

also showed that most of the rats submitted to OC induction had apparently larger and more 

visible left ovaries compared to the rats in the Healthy Control group (Supplemental Fig. 4). In 

the OncoTherad+EPO group, the maximum value due to one animal is very different from the 

median of the group and the others groups. Regarding the right ovary, the experimental groups 

did not present significant differences (p>0.05) in the absolute and relative weights of the gonad 

(Fig. 4). It is possible to observe from the graph that the medians of the groups are close and 

the highest maximum value is found in the cancer group. The rats in the OncoTherad group had 

a lower (p<0.05) uterine weight, both in the analysis of absolute and relative weight, compared 

to the Cancer and OncoTherad+EPO groups (Fig. 5). 
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Fig. 4. Absolute and relative weight of the left and right ovaries of the females in the 

experimental groups. (A, C) Absolute weight in milligrams (mg). (B, D) Relative weight in g% 

(g/100g of body weight). Kruskal-Wallis Test, Student-Newman-Keuls Test. Equal symbols indicate no 

significant difference between groups (p>0.05). 
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Fig. 5. Absolute and relative weight of the uterus of the females in the experimental 

groups. (A) Absolute weight in milligrams (mg). (B) Relative weight in g% (g/100g of body weight). 

Kruskal-Wallis Test, Student-Newman-Keuls Test. Distinct symbols indicate a significant difference 

between groups (p<0.05). 

 

OC chemical induction did not alter the survival of the animals 

From the interpretation of the Kaplan-Meier curve (Fig. 6), it was possible to notice that 

the lowest survival rate was found in the Cancer group, which from the 22nd to the end of the 

29th week was on average 83.33%. The OncoTherad group had a survival rate of 87.5% from 

the 28th week onwards, while in the OncoTherad+EPO group this rate was 90% from the 23rd 

week onwards. The Healthy Control and EPO groups exhibited 100% survival over the entire 

period. Possibly, the occurrence of deaths was related to tumor development, since, for 

example, the incidence of death in the OncoTherad+EPO group occurred from the 23rd week, 

that is, before treatment with the drugs. 
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However, these differences in survival rates were not statistically significant (p>0.05) by 

the log-rank test (Mantel-Cox) (Fig. 6), that is, it is not possible to state that the OC induction 

performed promoted a reduction of survival compared to healthy animals. In addition, the OC 

chemical induction also did not alter the body weight, the weekly weight gain, or feed intake 

(Supplemental Tables 3 and 4; Supplemental Fig. 5). Furthermore, treatments with 

OncoTherad® and Erythropoietin, alone or in association, did not change the survival of the 

animals. 

 

 

Fig. 6. Kaplan-Meier curve showing the survival rates (%) of the groups over the 

experimental period. From the 1st to the 2nd week: period before OC induction. In the 3rd and 4th 

weeks, chemical induction surgeries of OC and Sham surgery were performed. The period between the 

4th and 25th week corresponds to the period of tumor development (around 140 days). The 25th and 

28th week corresponds to the 4 weeks of treatments with OncoTherad®, Erythropoietin and 

OncoTherad® associated with Erythropoietin. The 29th week corresponds to the euthanasia of the 

animals. log-rank test (Mantel-Cox) p=0.639. 

 

OncoTherad® associated with EPO reduced the incidence of macroscopic lesions 

in OC induced animals 

The macroscopic description of the organs of the reproductive tract with due photographic 

record with scale (Fig. 7) took place at the time of euthanasia. The animals that were part of the 

Healthy Control group did not present any macroscopically visible structural alteration in the 

reproductive tract (Table 4, Fig. 7A - C), and in the uterus intrauterine secretion and a wall with 

a slightly translucent appearance were observed (Fig. 7A, B). The left ovaries presented a 
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healthy aspect with the presence of visible corpora lutea and a normal-appearing fallopian tube, 

resembling the right ovaries (Fig. 7C). On the other hand, in the Cancer Control group (Fig. 7D 

- F) the left ovaries showed diverse alterations such as: presence of cystic nodular lesion 

(71.4%) and more vascularized aspect (Fig. 7E and F). In general, the lesions observed had a 

solid appearance with cystic areas around them, yellowish color (with variation in color 

intensity, darker or lighter yellow), rounded shape with a diameter of less than 3 mm and a 

diameter greater than 5 mm, approximately (Fig. 7F). Other abnormalities observed in some of 

the animals submitted to chemical induction of ovarian cancer were: more edematous aspect of 

the uterus (14.3%) and of the right ovaries (28.6%) as well as the presence of implants in the 

peritoneum (28.6%) (Table 2). 

Regarding the OncoTherad group (Fig. 7G - I), it was possible to notice that most of the 

left ovaries had no apparent lesions and the presence of corpora lutea (85.7%) and, in some 

animals (57.1%), the gonad was slightly more atrophied (Fig. 7I). Only one rat differed from 

the rest of the OncoTherad group, with the presence of a solid mass with cystic areas, brownish 

in color and measuring around 7 x 10 mm in diameter adhered to the left ovary. With the 

exception of this animal, in which the right ovary had a more atrophied appearance and had a 

peritoneal implant, in the other rats the right uteri and ovaries presented a healthy macroscopic 

appearance (Fig. 7H and I), including some with the presence of functional cysts in the ovary 

(Fig. 7I). 

In the EPO group (Fig. 7J - L), it was possible to identify left ovaries with a more 

edematous appearance (Fig. 7L) or slightly atrophic (28.6% for both) as well as some with no 

apparent macroscopic lesions (71.4%). Two rats exhibited possibly neoplastic implants in the 

intraperitoneal fat, with a cystic nodular appearance and yellowish color or a more solid, 

heterogeneous and brownish appearance (Fig. 7J), accompanied by more edematous left ovaries 

with several corpora lutea (Fig. 7L). In general, the right ovaries and uteri of rats treated with 

Erythropoietin exhibited a healthy macroscopic appearance (Fig. 7K and L). 

In the OncoTherad+EPO group (Fig. 7M - O), left ovaries with different aspects were 

identified, such as macroscopically normal without apparent lesions (57.1%), more edematous 

(14.3%), slightly atrophic (42.9%) or with adherent nodules (28.6%). Two female rats had 

cystic nodular lesions, yellowish in color and approximately 3 x 4 mm in diameter, adhered to 

the left ovary (Fig. 7N and O). Another rat exhibited a solid lesion, with a heterogeneous 

appearance, with reddish and yellowish regions, measuring 8 x 13 mm, where it was not 

possible to isolate the left ovary from the lesion. In one rat of the group, a peritoneal implant 
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was found. In general, the right ovaries and uteri of animals in the OncoTherad+EPO group 

exhibited a healthy macroscopic appearance (Fig. 7M and N). 

 

Table 2. Frequency of macroscopic changes in different experimental groups. 

  Experimental Groups (n=7 animals/group) 

Anatomopathological 

features Control Cancer OncoTherad EPO OncoTherad+EPO 

Left ovary injury 
     

Absent 7/7 (100%) 2/7 (28.6%) 6/7 (85.7%) 6/7 (85.7%) 4/7 (57.1%) 

nodular cystic 0 5/7 (71.4%) 0 1/7 (14.3%) 2/7 (28.6%) 

purely cystic 0 0 0 0 0 

solid mass 0 0 1/7 (14.3%) 0 1/7 (14.3%) 

Atrophy 
     

Absent 7/7 (100%) 5/7 (71.4%) 2/7 (28.6%) 5/7 (71.4%) 3/7 (42.9%) 

Present in the left ovary 0 2/7 (28.6%) 4/7 (57.1%) 2/7 (28.6%) 3/7 (42.9%) 

Present in the right ovary 0 0 1/7 (14.3%) 0 1/7 (14.3%) 

Edema 
     

Absent 7/7 (100%) 3/7 (42.9%) 7/7 (100%) 5/7 (71.4%) 6/7 (85.7%) 

Present in the left ovary 0 0 0 2/7 (28.6%) 1/1 (14.3%) 

Present in the right ovary 0 2/7 (28.6%) 0 0 0 

Present in uterus 0 1/7 (14.3%) 0 0 0 

Peritoneal implant 
     

Absent 7/7 (100%) 5/7 (71.4%) 5/7 (71.4%) 5/7 (71.4%) 6/7 (85.7%) 

Present 0 2/7 (28.6%) 2/7 (28.6%) 2/7 (28.6%) 1/7 (14.3%) 

The incidence is represented as: number of animals that presented a certain characteristic / total number 

of animals in the experimental group. 
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Fig 7. Macroscopic description of the reproductive tract of females from the Healthy 

Control (A-C), Cancer Control (D-F), OncoTherad (G-I), EPO (J-L) and 

OncoTherad+EPO (M-O) groups. (A) Exposure of the reproductive tract after incision of the 

abdominal cavity, highlighting the right ovary (open arrowhead), left ovary submitted to Sham surgery 

(closed arrowhead) and uterus (arrowhead). (B) Detail of the healthy-looking reproductive tract, with 

no apparent alterations in the left ovary. (C) Detail of the right and left ovaries (black arrowhead) of 

normal appearance, with visible corpora lutea and uterine tubes (red arrowhead). (D) Exposure of the 
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reproductive tract of female rats induced to ovarian cancer, showing the presence of structural alterations 

in the left ovary (closed arrowhead). (E) Detail of the reproductive tract, the presence of a yellowish 

cystic nodular lesion on the left ovary (LE) is observed. (F) Detail of the right and left ovaries (black 

arrowhead) and uterine tubes (red arrowhead), highlighting the difference between the ovary submitted 

to chemical induction surgery compared to the right ovary. (G) Exposure of the reproductive tract. (H) 

Detail of the reproductive tract, left ovary (LE). (I) Detail of the ovaries (black arrowhead), the left one 

shows moderate atrophy and the right one shows a functional cyst; and uterine tubes (red arrowhead). 

(J) Exposure of the reproductive tract showing the presence of heterogeneous or nodular cystic 

peritoneal implants (red arrows). (K) Detail of the reproductive tract, left ovary (LE). (L) Detail of the 

right and left ovaries (black arrowhead) and uterine tubes (red arrowhead), highlighting the more 

edematous aspect of the left ovary. (M) Exposure of the reproductive tract. (N) Detail of the reproductive 

tract, note the presence of a yellowish cystic nodule in the left ovary (LE). (O) Detail of the right and 

left ovaries (black arrowhead) and uterine tubes (yellow arrowhead), highlighting the cystic nodular 

lesion on the ovary. 

 

OncoTherad® reduced the presence of cystic lesions in the ovaries and recuperated 

folliculogenesis and luteogenesis impaired by OC induction 

The ovaries of the Healthy group rats (Figs. 8A, 9A and 9B) exhibited a morphology 

characteristic of the estrous cycle phase in which they were euthanized (estrus) with the 

presence of several smaller growing follicles (Figs. 8A and 9A), but absence of preovulatory 

(non-atretic) tertiary follicles. The ovarian cortex was well defined with several follicles at 

different stages of maturation, as well as some atretic follicles (Figs. 8A and 9A). The medulla, 

consisting of predominantly loose fibrocellular connective tissue, showed rich vascularization. 

It was also possible to observe corpora lutea from ovulations of previous cycles, with smaller 

size and presence of degenerative signs such as apoptosis and fibrosis (Figs. 8A and 9B). The 

lutein cells showed a round nucleus, evident nucleolus and abundant and acidophilic cytoplasm 

(Fig. 9B). In the stroma, it was possible to observe the presence of interstitial tissue in which 

the interstitial cells presented pale cytoplasm and a well-stained nucleus. The germinal 

epithelium appeared normal, as a simple epithelium ranging from cubic to squamous and the 

tunica albuginea consisting of layers of around six layers of fibroblasts (Fig. 8A). 

In the ovaries induced with DMBA in the Cancer group (Figs. 8B, 8C, 9C-F), it was 

possible to observe several changes in the ovarian cytoarchitecture. In most animals, there was 

the presence of a cystic nodule filled with serous liquid content, covered with fibrous tissue and 

with the presence of adipocytes more externally (Figs. 9B and 9C). There were changes 
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considered pre-neoplastic of epithelial origin such as epithelial hyperplasia, inclusion cysts and 

degenerative or anomalous follicles (Figs. 9C and 9G). Some areas showed hyperplasia of the 

germinal epithelium and/or the tunica albuginea (Fig. 9C). Several animals also exhibited 

poorly differentiated glandular structures, covered by a single epithelial layer ranging from 

cuboidal to columnar, which defined a lumen, similar to the differentiation of the fallopian tube 

(endosalpingiosis) (Fig. 9D). Alterations such as inflammatory infiltration, hyperplasia and 

hypertrophy of interstitial cells were observed, in addition to a drastic decrease in the number 

of healthy follicles and corpora lutea, the latter not being found in most animals. There was also 

a clear increase in the incidence of atretic follicles and follicular cysts (Figs. 8B and 8C). 

Follicular cysts are larger than preovulatory follicles and are surrounded by a thin layer of 

flattened cells resting on a fibrous capsule (Fig. 8C). It was also possible to verify regions of 

intense atypia and the presence of pleomorphism that were considered high-grade dysplasias 

and serous lesions (Fig. 9E), with solid architecture and infiltration of inflammatory cells and 

accumulation of adipocytes between cells, as well as regions of cells with more acidophilic 

cytoplasm and hyperchromasia (Fig. 9F). 

In the ovaries of the rats from the OncoTherad group (Figs. 8D, 9G and 9H) cysts with 

serous content or epithelial cysts were not found. Most animals showed an apparent reduction 

of healthy follicles in more advanced stages of maturation and mainly of corpora lutea in the 

most atrophied ovaries, with a greater amount of interstitial tissue. However, some animals 

exhibited follicles at various stages of maturation and active corpora lutea (Fig. 8D). Although 

less incidents than in the cancer group, anomalous (degenerative) follicles could also be 

observed (Fig. 9G) and areas of hyperchromasia, nuclear pleomorphism and acidophilic 

cytoplasm. There was a high incidence of atretic follicles and the presence of several follicular 

cysts (Fig. 9H). Benign alterations such as interstitial cell hypertrophy, tunica albuginea 

hyperplasia and immune infiltration also occurred in this group. One rat in the group exhibited 

single epithelial layer glandular structures and another rat exhibited areas of cells exhibiting 

intense atypia and nuclear pleomorphism infiltrating the ovarian stroma. 

In the EPO group there was an increase in the amount of interstitial tissue inversely 

proportional to the number of healthy follicles and corpora lutea (Fig. 8E). The interstitial cells 

showed hypertrophy and vacuolation (Fig. 8I). Some rats exhibited cystic nodules contiguous 

with the left ovary or very close and adhered to the peritoneum. In these lesions, there was 

accumulation of adipose tissue, immune infiltrate and cells showing atypia (Fig. 9J). It was 

possible to observe an apparent increase in vascularity in the ovarian medulla, with the presence 
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of congested vessels (Fig. 8E). There was also an incidence of anomalous follicles, follicular 

cysts (Fig. 8E), hyperplasia of the tunica albuginea, immune infiltrate, areas of dysplasia, poorly 

differentiated glandular structures, cells with more acidophilic cytoplasm, hyperchromasia and 

pleomorphism in the ovarian stroma. 

The ovaries of the rats that received the combined treatment OncoTherad+EPO (Figs. 8F, 

9K and 9L) exhibited the alterations verified in the other induced groups, such as the incidence 

of cystic lesions and accumulation of adipose tissue with immune infiltrate. Most rats showed 

increased follicular atresia and reduced corpora lutea, while there was an apparent increase in 

the area with interstitial cells (Fig. 8F). Changes such as follicular cysts, immune infiltrate (Fig. 

9K), hypertrophy and hyperplasia of interstitial cells, hyperplasia of the tunica albuginea, and 

atypical glandular structures were also seen. One rat exhibited areas of nuclear pleomorphism 

and intense infiltrating atypia in the ovarian stroma (Fig. 9L). 
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Fig. 8. Photomicrographs of ovaries from Healthy Control (A), Cancer (B and C), 

OncoTherad (D), EPO (E) and OncoTherad+EPO (F) groups. (A) Observe the morphological 

aspect of the healthy ovary, with corpora lutea (CL), maturing antral follicles (F) and atretic follicles 

(At). (B) Ovary with adhered cystic nodular lesion, drastic reduction of follicles and absence of corpora 

lutea. Presence of atretic follicles (At) and follicular cysts (FC). (C) Ovary with accumulation of adipose 

tissue (arrow), follicles (F), atretic follicles (At) and follicular cysts (CF). (D) Ovary with the presence 

of healthy follicles (F), atretic follicles (At), corpora lutea (CL) and follicular cysts (FC). (E) Ovary with 

hyperplasia of interstitial cells, anomalous follicle (arrowhead), atretic follicles (At), follicular cyst (FC) 

and more vascularized medulla (arrow). (F) Ovary with depleted corpora lutea, presence of many 

follicles (At), but also healthy follicles (F). Hematoxylin-Eosin. Bars = 500 µm. 
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Fig. 9. Details of the histopathological changes found in the ovaries of the Healthy Control 

(A and B), Cancer (C-F), OncoTherad (G and H), EPO (I and J) and OncoTherad+EPO 

(K and L) groups. (A) Detail of a tertiary follicle with oocyte (O), zona pellucida (arrow), granulosa 

cells (G), antrum in formation (A) and theca cells (arrowhead). (B) Luteal cells with rounded nucleus, 

evident nucleolus and abundant acidophilic cytoplasm in a degenerating corpus luteum. (C) Detail of 

the hyperplasia of the germinal epithelium (arrow) and the tunica albuginea (arrowhead) as well as 

anomalous follicles (FA). (D) Atypical glandular structures. (E) Area of high-grade dysplasia with cells 

showing pleomorphism and atypia (arrows). (F) Cells with hyperchromasia and acidophilic cytoplasm 

(arrowhead). (G) Detail of anomalous (degenerative) follicle. (H) Detail of follicular cyst wall, a layer 

of flattened cells over a fibrous capsule. (I) Hypertrophy and vacuolation of interstitial cells. (J) 

Accumulation of adipocytes with infiltrating immune cells (arrows). (K) Area of cells with acidophilic 

cytoplasm and immune infiltrate (arrow). (L) Region of intense cellular atypia and pleoformism. 

Hematoxylin-Eosin. Bars = 200 µm (I); 100 μm (A,D,E,J,L) and 50 μm (B,C,F,G,H,K). 

 

OncoTherad® alone or associated with EPO increased IL-6, IFN-γ, and F4/80+ 

macrophages with M1 profile (iNOS) through TLR2 and TLR4 stimulation  

The total immunoreactivity for the TLR4, IL-6, IFN-γ, iNOS, F4/80, CD163 and FOXP3 

antigens in the ovaries are presented in Table 6 and the different intensities of the 



139 
 

immunoreaction in Figs. 10 and 11. The immunolocalization of the antigens in the sections of 

ovaries is shown in Figs. 12 and 13. 

Total TLR2 immunoreactivity was higher (p<0.05) in the OncoTherad group compared to 

the Cancer, control and OncoTherad+EPO groups (Table 3). The EPO group also showed 

higher (p<0.05) total immunoreactivity for TLR2 when compared to the Control and Cancer 

groups. In the Cancer group, there was the lowest absolute number of immunoreactivity for 

TLR2, although it did not differ statistically (p>0.05) from the Control (Table 3). In the intensity 

analysis, it was possible to observe that the OncoTherad group presented a stronger TLR2 

immunoreactivity pattern (p<0.05) in comparison with all other groups, with the highest 

percentage of strong intensity immunoreactivity, even in comparison with the EPO group 

(Figures 10A and 12). The EPO group again differed (p<0.05) from the Control and Cancer 

groups in the intensity of TLR2 staining, with a more intense pattern than these groups (Figures 

10A and 12). 

The total percentage of TLR4 positive cells did not show significant differences (p>0.05) 

between groups, although the lowest absolute percentage was found in the Cancer group and 

the highest in the OncoTherad+EPO and OncoTherad groups, respectively (Table 3). On the 

other hand, the intensity analysis was able to capture significant differences between the groups 

(Figure 10B). In the OncoTherad+EPO group, there was a greater (p<0.05) intensity of 

immunoreaction compared to the Cancer group (Figures 10B and 12). 

Total IL-6 immunoreactivity was decreased (p<0.05) in the Cancer group compared to the 

Control group, which had the highest value of IL-6 positive cells among all groups (Table 3). 

The OncoTherad and OncoTherad+EPO groups also showed lower (p<0.05) values of total IL6 

immunoreactivity compared to the Control, but with higher absolute values than the Cancer 

group. However, the EPO and OncoTherad+EPO groups showed significantly higher 

percentages of IL-6 immunoreactivity (p<0.05) compared to the Cancer group (Table 3). The 

intensity analysis reinforced the total immunoreactivity results for IL-6, as the Cancer showed 

a weaker immunoreactivity pattern than the Control (Figures 10C and 12). In the three treated 

groups (OncoTherad, EPO and OncoTherad+EPO), the IL-6 immunoreaction was also more 

intense (p<0.05) compared to the Cancer group (Figures 10C and 12). While the OncoTherad 

and OncoTherad+EPO groups showed less intense immunoreaction intensities (p<0.05) for IL-

6 when compared to the Control, the EPO group did not differ statistically from this group 

(Figures 10C and 12). 
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Although there were no statistically significant differences (p<0.05) in the total IFN-γ 

immunoreactivity between the groups, it was possible to observe that the lowest value was 

found in the Cancer group (Table 3). The analysis of immunoreaction intensity revealed 

significant differences (p<0.05) between the OncoTherad group, in which there was a higher 

percentage of IFN-γ positive cells with strong intensity, compared to the Cancer and EPO 

groups (Figures 10D and 12). 

In the OncoTherad and OncoTherad+EPO groups, there was an increase (p<0.05) in iNOS 

immunoreactivity compared to the Control group, which had the lowest number of iNOS 

positive cells (Table 3). From the data on the intensity variation of the immunoreaction for 

iNOS, it was possible to verify more differences between the groups (Figure 11A). The 

OncoTherad group showed a more intense pattern of iNOS immunostaining (p<0.05) than the 

Control and Cancer groups, predominantly moderate to strong (Figures 11A and 13). The EPO 

and OncoTherad+EPO groups showed stronger immunoreactivity (p<0.05) than the Control, 

especially in the OncoTherad+EPO group, where the intensity of the immunoreaction for iNOS 

tended to moderate, in comparison with the Control, which presented immunoreactivity 

predominantly weak (Figures 11A and 13). 

From the analysis of the total immunoreactivity for F4/80, it was possible to observe that 

the highest values were found in the three treated groups (OncoTherad, EPO and 

OncoTherad+EPO), and the highest value of immunoreactivity in the OncoTherad+EPO group 

differed statistically (p <0.05) of the Control and Cancer groups (Table 3). Likewise, in the 

intensity analysis, the OncoTherad+EPO group showed a more intense immunoreaction 

(p<0.05) in relation to the Control and Cancer groups, as well as the EPO group also differed 

(p<0.05) from the Control group, showing stronger immunoreaction (Figures 11B and 13). 

The percentage of CD163 positive cells was higher (p<0.05) in the EPO and 

OncoTherad+EPO groups compared to the Control and Cancer groups (Table 3). Comparing 

the treatment alone with OncoTherad and when associated with erythropoietin, the combined 

treatment showed the highest (p<0.05) total CD163 immunoreactivity (Table 3). The intensity 

analysis results supported the total immunoreactivity findings, where the OncoTherad+EPO 

group showed a more intense immunoreaction pattern (p<0.05) than all other groups (Figures 

11C and 13). Likewise, the EPO group also differed (p<0.05) from the Control group, which 

showed weaker immunoreaction (Figures 11C and 13). 

The lowest total FOXP3 immunoreactivity occurred in the Cancer group, which differed 

statistically (p<0.05) from the EPO and OncoTherad groups (Table 3). The EPO group also 
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showed a higher (p<0.05) total FOXP3 immunoreactivity compared to the Control group (Table 

3). Through the immunoreaction intensity analysis, it was possible to statistically verify that the 

EPO group presented a stronger intensity (p<0.05) in comparison with the Control and Cancer 

groups and the OncoTherad group also obtained a more intense immunostaining pattern when 

compared to the Control (Figures 11D and 13). 

 

Table 3. Total immunoreactivity (%) in groups for different antigens. 
 

Experimental groups (n=7/group) 

Antigens Control Cancer OncoTherad EPO OncoTherad

+EPO 

TLR2 75.64 a 71.64 a 85.09 c 85.91 bc 80.23 ab 

TLR4 77.06 a 66.70 a 75.06 a 68.42 a 78.58 a 

IL-6 85.75 a 71.40 c 79.22 bc 82.40 ab 80.40 b 

IFN-γ 79.91 a 71.15 a 79.19 a 79.01 a 79.69 a 

iNOS 67.51 a 70.31 ab 78.03 b 77.03 ab 77.66 b 

F4/80 66.98 a 67.69 a 71.70 ab 73.52 ab 77.47 b 

CD163* 72.93 a 73.40 a 76.05 ab 79.25 bc 83.10 c 

FOXP3 69.70 ac 65.86 a 74.64 bc 78.29 b 73.07 ab 

Values are equivalent to the mean percentage of urothelial cells positive for the antigens per group (n=5 

sections/animal/group). Kruskal-Wallis ANOVA, Student-Newman-Keuls Test. *ANOVA, Tukey Test. 

Along the same lines, values followed by different letters indicate a significant difference between 

groups (p<0.05). 
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Fig. 10. Immunoreactivity (%) in different intensity categories for antigens: TLR2 (A), 

TLR4 (B), IL-6 (C) and IFN-γ (D). */**/*** Different symbols indicate a significant difference 

(p<0.05) between groups, when statistically differ in any category of immunoreactivity. ANOVA, 

Tukey test (n = 5 sections/animal/group). Immunoreactivity was classified into four categories: Negative 

(0): absence of labeling; Low Positive (1): weak immunoreaction; Positive (2): moderate 

immunoreaction and High Positive (3) strong immunoreaction. 
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Fig. 11. Immunoreactivity (%) in the different intensity categories for the antigens: iNOS 

(A), F4/80 (B), CD163 (C) and FOXP3 (D). */**/*** Different symbols indicate a significant 

difference (p<0.05) between groups, when statistically differ in any category of immunoreactivity. 

ANOVA, Tukey test (n = 5 sections/animal/group). Immunoreactivity was classified into four 

categories: Negative (0): absence of labeling; Low Positive (1): weak immunoreaction; Positive (2): 

moderate immunoreaction and High Positive (3) strong immunoreaction. 
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Fig. 12. Immunolocalization of TLR2 (A-E), TLR4 (F-J), IL-6 (K-O) and IFN-γ (P-T) 

antigens in the ovaries of different experimental groups. Control (A,F,K,P); Cancer (B,G,L,Q); 

OncoTherad (C,H,M,R); Erythropoietin (D,I,N,S) and OncoTherad+EPO (E,J,O,T). Bars = 200 µm. 
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Fig. 13. Immunolocalization of iNOS (A-E), F4/80 (F-J), CD163 (K-O) and FOXP3 (P-T) 

antigens in the ovaries of different experimental groups. Control (A,F,K,P); Cancer (B,G,L,Q); 

OncoTherad (C,H,M,R); Erythropoietin (D,I,N,S) and OncoTherad+EPO (E,J,O,T). Bars = 200 µm. 

 

Histotypes biomarkers indicated DMBA induced tumor model as low-grade serous 

carcinoma-like 

The IHC scoring for the histotypes biomarkers were represented in the Heatmap (Figs. 14 

and 15) and the photomicrographs of the ovaries in Figs 16, 17, 18, and Supplemental Fig. 6. 

All the animals of the Healthy Control showed Wt1 positivity in the ovaries (Fig. 14). Healthy 

ovaries showed positivity in the epithelium and in the granulosa cells of healthy follicles 

(stronger staining at the low stages of development and absent on the atretic follicles) (Fig. 
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16A). In the Cancer group, all ovaries also presented positivity in the epithelium and in the most 

abnormal cells/ abnormal structures in the stroma (Fig. 14). Wt1 was still present in healthy 

follicles (but weaker compared to the Control group) and was absent in the atretic follicles (Fig. 

16B). For the animals treated with OncoTherad, 42.9% of the ovaries presented Wt1 positivity 

in the epithelium, 42.9% showed heterogeneous pattern of staining, and one animal was Wt1 

negative (Fig. 14). In this group, the abnormal cells were Wt1 positive for all animals. Wt1 was 

present in healthy follicles and absent in the atretic follicles as in the Cancer Group (Fig. 16C). 

In the EPO Group, 42.9% of the animals presented Wt1 positivity in the epithelium, 42.9% 

presented negativity, and 14.3% presented heterogeneity in the epithelium. For the abnormal 

cells, the majority of the animals presented positivity while 28.6% were negative (Figs. 14 and 

16D). Like for the other treated groups, OncoTherad+EPO group showed Wt1 positivity in 

42.9% of the animals, the same percentage of negativity, and 14.3% presented heterogeneity in 

the epithelium. For the abnormal cells, 57.1% of the animals presented positivity while 42.9% 

Wt1 were negative (Figs. 14 and 16E). 

Health ovaries showed Arid1a positivity in the epithelium, granulosa cells, interstitial cells, 

and lutein cells (corpus luteum) (Figs. 14 and 16F). In the Cancer group, the majority of the 

ovaries presented loss of Arid1a expression in the epithelium, 28.6% presented positivity, and 

one heterogeneity. Regarding the abnormal cells, most of the ovaries showed a heterogeneous 

pattern of Arid1a staining while 28.6% were positive (Figs. 14 and 16G). 42.9% of the animals 

of the OncoTherad group showed Arid1a positivity in the epithelium while 28.6% were 

negative and 28.6% showed heterogeneity. For the abnormal areas, 42.9% of the animals were 

Arid1a positive, 42.9% showed heterogeneous staining, and one was Arid1a negative (Figs. 14 

and 16H). In the EPO Group, some ovaries 57.1% presented loss of Arid1a expression in the 

epithelium while others showed positivity. For the abnormal cells the most showed 

heterogeneous staining, 28.6% presented positivity, and one was Arid1a negative (Figs. 14 and 

16I). For the animals treated with the combination of OncoTherad® and EPO, the majority was 

Arid1a positive in the epithelium while 28.6% were negative and 28.6% showed heterogeneous 

staining. In the abnormal cells the staining was heterogenous for the majority of the ovaries and 

28.6% presented positivity (Figs. 14 and 16J). 

Healthy ovaries did not show Hnf1b expression (Figs. 14 and 17A). In the same way, in 

the Cancer groups, ovaries did not present positivity in the epithelium (Fig. 14). Regarding the 

abnormal cells some of them showed weak cytoplasmic staining (that can be only due to the 

background) and nuclear staining in some areas (heterogeneity) even though there could be 
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some types of immune cells (Fig. 17B). The animals treated with OncoTherad did not show any 

nuclear Hnf1b staining as well (Figs. 14 and 17C). One animal of the group showed Hnf1b 

positivity in some cells of the stroma which can possibly be immune cells. All the animals of 

the EPO group were Hnf1b negative in the epithelium. 57.1% showed complete absence of 

staining in the abnormal cells while 28.6% showed nuclear heterogeneity and cytoplasmic 

positivity (Figs. 14 and 17D). There was possibly a level of background in the normal cells 

(granulosa and interstitial cells). Regarding the OncoTherad+EPO group, the ovaries did not 

present positivity Hnf1b in the epithelium nor in the abnormal cells (Figs. 14 and 17E). There 

was cytoplasmic background in normal cells (granulosa and interstitial cells). 

Ovaries of the Healthy Control group do not present Pr positivity in the epithelium but 

there was cytoplasmic staining in the interstitial cells (Figs. 14 and 17F). In the Cancer group, 

the epithelium was Pr negative except by one animal as well as the abnormal cells in the stroma 

(Figs. 14 and 17G). There was some cytoplasmic staining in the interstitial cells. For the 

OncoTherad and EPO groups (Figs. 14, 17H, and 17I), the epithelium was also Pr negative like 

the abnormal cell. The interstitial cells showed cytoplasmic staining. In the OncoTherad+EPO 

group, just one animal showed Pr positive epithelial cells. Regarding the abnormal cells, 42.9% 

of the animals showed some Pr positivity (Figs. 14 and 17J). There was some cytoplasmic and 

rare nuclear staining in the interstitial cells that seems stronger and more common compared 

with the other experimental groups. 

For p53 staining (Figs. 15 and 18), the majority for all the groups was the score 1 (same as 

healthy ovaries), although specially in the cancer group the staining (in general) was visually 

stronger and we have the same number of ovaries with score 1 and score 2. For the treated 

groups, most of the ovaries were classified as score 1, even though some showed score 2 and 3 

(Fig. 18). 
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Fig. 14. Heatmap of the IHC scoring for the histotypes biomarkers (Wt1, Arid1a, Hnf1b, 

and Pr). The staining was classified in 3 categories (negative, positive, and heterogeneity) and it was 

analyzed in the epithelium and abnormal areas in the stroma. 

 

Fig. 15. Heatmap of the IHC scoring for p53. The IHC Scoring for p53 as defined as 1 (Normal) 

- occasional nuclear positive cells and cytoplasmic positivity; 2 (Abnormal) - strong nuclear expression 

in virtually all epithelial cells and cytoplasmic positivity, normal pattern in stroma; 3 (Abnormal) - 

cytoplasmic staining in epithelial cells (very rare nuclear positivity), normal pattern in stroma. The same 

scores were applied to abnormal structures in the stroma. 
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Fig. 16. Photomicrographs of the ovaries immunostained with Wt1 (A-E) and Arid1a (F-

J). Healthy control group (A, F); Cancer (B, G); OncoTherad (C, H); EPO (D, I); OncoTherad+EPO 

(E, J). (A) Healthy ovaries showed Wt1 nuclear positivity in the epithelium (arrow). In the Cancer group 

(B), the epithelium showed Wt1 positivity (arrow) as well as in the abnormal structures in the stroma 

(arrows). In the OncoTherad group (C), we could see Wt1 positivity (arrow) and heterogeneity (closed 

arrowhead) in the epithelium of some ovaries. The EPO group (D) also showed Wt1 positivity (arrow) 

and heterogeneity. Ovaries of the OncoTherad+EPO group (E) showed Wt1 positivity, heterogeneity, 

and negativity in the epithelium (arrow) even when they were positive in other cells in the stroma 

(arrow). For Arid1a, the epithelium of the healthy ovaries (F) was positive (arrow). In the Cancer group 

(G), some ovaries showed loss of Arid1a in the epithelium (open arrowhead) while the abnormal 

structures were positive. The majority of the ovaries of the OncoTherad group (H) showed Arid1aA 

positivity in the epithelium (arrow). In the EPO group (I), some ovaries showed absence of Arid1a 

expression in the epithelial cells (open arrowhead) and heterogeneous staining in stromal abnormal 

structures. The OncoTherad+EPO group (J) showed Arid1a positivity in the epithelium for most of the 

animals.   Bars = 200µm. 
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Fig. 17. Photomicrographs of the ovaries immunostained with Hfn1b (A-E) and Pr (F-J). 

Healthy control group (A, F); Cancer (B, G); OncoTherad (C, H); EPO (D, I); OncoTherad+EPO (E, J). 

(A) Healthy ovaries were Hfn1b negative in the epithelium (open arrowhead). In the Cancer group (B), 

the epithelium was Hfn1b negative while some cells in the stroma were positive (arrow). In the 

OncoTherad group (C), the epithelium was Hfn1b negative (open arrowhead). The EPO group (D) also 

showed no staining for Hfn1b in the epithelium (open arrowhead) and heterogeneous staining in some 

structures in the stroma (closed arrowhead). Ovaries of the OncoTherad+EPO (E) group showed no 

Hfn1b staining in the epithelium (open arrowhead) and some cytoplasmatic staining in the stroma 

(arrow). For Pr, the epithelium of the healthy ovaries (F) was negative (open arrowhead). In the Cancer 

group (G), the epithelium was also Pr negative (open arrowhead) and some cells were positive in the 

stroma. The OncoTherad group (H) showed the epithelium Pr negative (open arrowhead). In the EPO 

group (I), the ovarian epithelium was Pr negative (open arrowhead) and some cells in the stroma were 

positive (arrow). The OncoTherad+EPO group (J) showed no staining for Pr in the epithelium (open 

arrowhead) but some positivity in the stroma (arrows).   Bars = 200µm. 
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Fig. 18. Photomicrographs of the ovaries immunostained with p53. Healthy control group 

(A); Cancer (B); OncoTherad (C); EPO (D); OncoTherad+EPO (E). In general, the ovaries were p53 

negative in the nucleus of the epithelial cells (open arrowhead) with occasional nuclear positivity 

(arrow). 
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EPO treatment increased CD3+ lymphocytes count in the tumor and abnormal 

areas of ovaries 

The number CD3 positive cells/106 μm2 in the experimental groups is represented in Figs. 

19 and 20. In the Cancer group, the absolute number of CD3 positive cells in the non-tumor 

regions was lower than the Healthy Control group (Fig. 19A) as well as in the other treated 

groups. Although there was no significant difference (p>0.05), this could be explained by the 

immune cells that migrated to the tumor areas. Considering the treated groups, the absolute 

highest number of CD3 positive cells/106 μm2 in the normal/ non tumor areas was found in the 

Oncotherad+EPO group (Fig. 19A), even though there was no significant statistical difference. 

Similarly, considering the abnormal/tumor areas the OncoTherad+EPO group also showed the 

higher absolute number of CD3 positive lymphocytes (Fig. 19B). 

The comparison between the normal/non tumor and abnormal/tumor areas indicated that 

there was a migration of the immune cells from the normal areas to the regions with lesions 

(Fig. 20). Significant p value was not found for every experimental group, but it was possible 

to see a trend. In the EPO group, the number of CD3 positive cells was significantly higher 

(p<0.05) in the abnormal areas compared to the healthy areas. The same happened for the 

OncoTherad+EPO group, even though the p value was borderline (Fig. 20).  
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Fig. 19. CD3 positive cells count. CD3 positive cells number/106 μm2 in the normal (non-tumor) 

areas and abnormal/tumor areas. Comparison among the experimental groups. Kruskal-Wallis test.  
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Fig. 20. CD3 positive cells count in two types of ovarian regions. Comparison of CD3 positive 

cells number/106 μm2 between normal (non-tumor) areas and abnormal/tumor areas in each experimental 

group. T paired test.  

 

DMBA-induced model did not show driver mutations in Pik3ca, Ctnnb1, or Kras  

The regions containing the hotspots of Pik3ca, Ctnnb1, and Kras were amplified and the 

presence of the PCR products was confirmed through gel electrophoresis. The amplicons had 

the expected size of ~200bp. No band was observed in the PCR products of the no template 

control (NTC) confirming no contamination detected or non-specific amplification. The results 

of the sequencing analyzed were clear with an acceptable Phred confident/quality score (higher 

than 20) and little noises. The bases were compared with a human reference sequence 

(GenBank) using Mutation Surveyor® DNA Variant Analysis Software (SoftGenetics, State 

College, EUA), focusing on the regions of mutations (hotspots). DNA sequencing did not reveal 

driver mutations (Pik3ca, Ctnnb1, or Kras) in any of the sampled specimens. 

 

DISCUSSION 

In this study we fully characterized the DMBA-induced OC model and used it to test the 

antitumor efficacy of OncoTherad® immunotherapy associated with Erythropoietin. According 

to our results, the chemical induction of OC using DMBA did not inhibit cyclicity. In Fischer 

rats, estrous acyclicity is associated with cancer cachexia in murine models [54] and food 
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restriction [55]. However, in the present study, the rats induced to OC did not show cachexia 

or abnormality with regard to feed intake. On the other hand, the damages caused by OC 

chemical induction - such as ovarian atrophy - resulted in increase of cycle duration due to the 

occurrence of persistent estrus. In rats with atrophied ovaries, which exhibit a large number of 

atretic follicles and follicular cysts and lacks corpora lutea, the vagina may exhibit cornification 

related to an increase in the 17-beta estradiol/progesterone ratio, causing persistent estrus [56]. 

Irregularities in the transition of estrous cycle phases, such as prolonged diestrus duration and 

increase in estrous cycle duration in female rats chemically induced with DMBA were also 

described [19]. 

OC induction using DMBA can cause absolute and relative ovarian weight gain in rats 

[48]. In the present study, most of the ovarian lesions consisted of small cystic nodules, whose 

diameter did not exceed 5 mm which explains the absence of a statistically difference in gonad 

weight. Regarding the uterus, there was a reduction in uterine weight of the rats in the 

OncoTherad group. Yano et al. [57] reported reduction of uterine weight in OC-induced 

immunodeficient mice through xenographic implants (from OV-1063 ovarian cancer cells). 

Uterine weight is mainly regulated by estradiol, and the decrease in weight found in this study 

may be partly related to the atrophy of the left gonad found in the OncoTherad group, which 

would lead to a possible impact on estrogen synthesis. The decrease in the weight of the uterus 

may be due to the reduction in the thickness of the uterine layers due to several factors such as 

changes inherent to the estrous cycle itself [58].  

We identified the presence of cysts and several histopathological alterations in OC-induced 

rats already described in other studies using DMBA-related OC models such as cysts filled with 

serous secretion histologically identified as cystadenocarcinomas [19], large cysts containing a 

lot of fat around the ovary [59], serous papillary adenocarcinomas and other serous tumors 

[59,60] as well as glandular structures, covered by simple cuboidal serous epithelium and 

similar to the differentiation of the fallopian tube (endosalpingiosis) [17]. Despite these 

neoplastic and preneoplastic alterations found in the ovaries of the rats in this study, the 

induction of OC in this study did not decrease the survival of the animals. These results are 

consistent with the absence of cachexia and with the aspects of the lesions described in the 

macroscopic analysis. Shao et al. [61] reported that the survival rate of Wistar rats induced to 

OC with DMBA was 66.7% after 24 weeks of induction. This rate is lower compared to that 

found in this study (87.5%) after 25 weeks of surgery. 
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The occurrence of ovarian atrophy may be related to the mechanism of stimulation of the 

immune system and the antitumor response triggered by OncoTherad®, associated or not with 

EPO. The more edematous appearance of the ovaries of rats treated mainly with EPO alone 

may be partly related to the increased expression of angiogenic factors, as well as the 

maintenance of ovarian function. Mahmoodi et al. [42] showed that EPO administration 

significantly increased the number of ovarian follicles in female mice due to its antioxidant, 

protective, and anti-apoptotic effects. In addition, treatments with OncoTherad® associated or 

not with erythropoietin altered the frequency of histological changes found in the Cancer group. 

In humans, TLR2, TLR3, TLR4 and TLR5 are highly expressed in the surface epithelium 

of the ovary and this pattern is related to the protection against infections and the physiological 

role of these receptors in stimulating tissue repair after ovulation [62]. Therefore, TLR2 and 

TLR4 agonists, such as OncoTherad®, have grounds for application targeting gonadal 

disorders. We could observe that OncoTherad® alone was able to stimulate TLR2 and TLR4 

and, when associated with EPO, this effect was potentiated on TLR4. Lau et al. [63] described 

that paclitaxel induced activation of canonical NF-κB signaling in murine ovarian cancer cells 

in a TLR4/MyD88 dependent manner, producing anti-tumor immunity. On the other hand, 

erythropoietin stimulated only TLR2 in ovarian tissue. In consequence of stimulation of TLR2, 

the three treatment strategies (OncoTherad®, EPO and OncoTherad+EPO) increased IL-6 

immunoreactivity, more markedly in animals that received erythropoietin treatment.  

In our study, IFN-γ immunoreactivity was reduced in animals induced to OC without 

treatment, whereas treatments with OncoTherad® alone or associated with EPO increased IFN-

γ levels through TLR4 stimulation as well as led the highest rates of immunoreactivity for 

iNOS. These findings are consistent with previous results from the group reporting the 

stimulation of TLR4-mediated non-canonical pathway for interferon production by 

OncoTherad® [31,32,34]. Similarly, Silveira et al. [59] also found an increase in IFN-γ levels 

in the ovaries of rats with OC treated with the immunomodulator P-MAPA with or without 

cisplatin.  IFN-γ is a cytokine known to have cell proliferation-reducing activity, pro-apoptotic 

activity and antitumor immunomodulation, produced by T-helper, cytotoxic and natural killer 

cells and macrophages [64]. In human OC cell lines, IFN-γ administration has been shown to 

activate SOCS, a family of cytokine signaling inhibitory proteins that inhibit the JAK/STAT 

signaling pathway which is highly activated in OC and is associated with tumor development 

and progression [64].  
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Tumor-associated macrophages (TAMs) with high CD163 expression are associated with 

anti-inflammatory function (M2 profile) and worse prognosis in malignant tumors [65]. The 

EPO and OncoTherad+EPO groups showed the highest immunoreactivity for CD163. 

OncoTherad® alone did not promote an increase in M2 profile macrophages compared to the 

treatment associated with erythropoietin. Expression of F4/80 on the cell surface still remains 

one of the best ways to identify macrophages [66]. Our results showed that mainly in the 

OncoTherad+EPO group, there was an increase in immunoreactivity and in the intensity of 

immunostaining of F4/80 compared to the Healthy and Cancer groups. These results may be 

related to immune activity and greater infiltration of macrophages in the ovaries, mainly of the 

M1 profile (iNOS+).  

In OC, blockage of FOXP3+ regulatory T cells (Tregs) recruitment appears to be a 

therapeutic possibility to suppress ovarian tumor advancement [67] as these cells actively 

participate in the neoplastic process in ovaries [68]. Our results showed that more markedly 

with EPO, there was an increase in the number of FOXP3+ cells and the intensity of this 

receptor’s immunoreaction. Yamazaki et al. [69] used bacterial lipopeptides (Pam2) agonists 

of TLR2 and TLR6 in melanomas in vivo, using a murine model. They showed TLR2-

dependent production of IL-10 played a role in the expansion of Treg cells in vivo. Likewise, 

treatment with EPO alone stimulated TLR2 but increased Treg cell expansion. Intraepithelial 

CD3+ tumor-infiltrating lymphocytes count is a significant prognostic factor in epithelial 

ovarian cancer [70]. However, as CD3 is expressed in all types of lymphocytes, especially in 

the EPO group, the increase in the number of the CD3 positive cells might be in part explained 

by the presence of FOXP3+ T reg cells, as IHC analysis showed a significant increase of this 

type of lymphocytes after EPO treatment which was related with the immunosuppressive effect 

triggered. 

The use of a biomarker immunohistochemical panel to distinguish the five principal 

histotypes provides a high accuracy and it is well described for human tissues [71,72] and cell 

lines [73]. This valuable data can make an animal cancer model more relevant clinically and 

provide a basis for evaluation of experimental treatments. However, the use of the same 

biomarkers that define the human disease for rat models brings up challenges, since there is not 

much data characterizing specific DMBA models and the interpretation must be careful.  

The histopathological and IHC analyses indicated that the majority of the ovarian lesions 

induced was of the serous type and this was consistent among all the experimental groups. First, 
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most of the epithelial lesions induced in the animals showed Wt1 nuclear positivity which is a 

biomarker of serous type of ovarian carcinoma (can be expressed both in low grade and high 

grade) [71]. The combination of WT1 and P53 is useful to differentiate the high-grade serous 

type from the low grade serous [72,74]. Thus, the indication of the serous type of the lesions 

(in most of the animals) is in agreement with the histopathological results as abnormal patterns 

of p53 staining were rarely observed. Additionally, we found heterogeneity of Wt1 expression 

in some ovaries of the three treated experimental groups. A heterogenous WT1 staining was 

already described in human epithelial ovarian cancer [75,76]. This pattern of expression could 

be related with a more aggressive phenotype but in this study, this also could be something 

specific to rats or caused by the treatments.  

Inactivation/mutation of ARID1A is common in clear cell and endometrioid ovarian 

carcinoma. If PR is negative and ARID1A is lost, a clear cell carcinoma is likely [71,77]. It is 

reported an agreement between loss of ARID1A expression assessed by IHC and detection of 

predicted loss of function ARID1A mutations [78]. Considering the lack of previous data about 

histotype biomarkers in rats and regarding this type of chemically induced ovarian cancer 

model, the interpretation is not an easy process. The majority of the ovaries were Arid1a+ even 

though some showed loss of Arid1a expression in the epithelium which could indicate non 

serous lesions and the heterogeneity of the results obtained with the DMBA. There is also the 

possibility of epithelial ovarian cancer with mixed-type histology (when 2 or more histotypes 

are present) nonetheless it is rare in humans [12]. In the cases when WT1 and HNF1B are 

negative and PR is expressed or overexpressed, it is suggested endometrioid ovarian carcinoma 

[71]. The Pr staining in the Cancer and treated groups were similar to the healthy control group, 

with no staining in the epithelium. Pr negativity and Arid1a loss happened in some ovaries but 

HNF1B is usually positive in case of clear cell ovarian carcinoma [71,77].  

Regarding the mutations, for these specific genes and hotspots considered we did not 

identify mutations and this information is important to characterize this ovarian cancer model. 

Stewart et al. [17] reported Kras mutations in ovarian tumors induced with DMBA, but the 

method of induction was different since they used DMBA/beeswax suture applied across the 

ovary. In addition, there are other non KRAS mechanisms of pathway activation that are 

consistent with low-grade serous pathology as the MAPK pathway [79]. Despite that, reports 

in the literature are scarce for mutations in rat ovarian cancer models and more studies are 

needed to evaluate the ovarian carcinogenesis, especially in rats. 
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The molecular and morphological features analyzed favored interpretation of our DMBA 

induced tumor model as low-grade serous carcinoma-like in which treatments with 

OncoTherad® and EPO showed immunomodulatory properties related to the reduction of 

ovarian lesions. OncoTherad® alone or associated with EPO stimulated TLR2 and TLR4, 

culminating in the increase of proinflammatory cytokines as IL-6 and IFN-γ, as well as of 

F4/80+ macrophages with M1 profile (iNOS). EPO alone stimulated TLR2 and increased IL-

6, CD163+ (M2) macrophages, and FOXP3+ Tregs. The association of treatments might have 

triggered a compensatory effect between both. In this way, this work provides a basis for future 

advancement in OC models as well as deepens our understanding of OncoTherad® antitumor 

effects in serous-type cancers and assists in correlating data to human trials. 
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SUPPLEMENTARY FILES 

 

Supplemental Fig. 1. Environmental enrichment applied to Fischer rats. Environmental 

enrichment for rats favors the well-being of experimental animals, with the observation of attitudes more 

similar to the natural one, with more active behavior, less anxiety and possibly less stress [1]. 

 

1. Gozzer, P.; Andrade, E.; Belotto, P. C. P.; Mascarin, A. A. L. Comportamento de ratos Wistar: 

importância do enriquecimento ambiental. Saúde Rev, v. 18, n. 48, p. 67-77, 2018. 
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Supplemental Fig. 2. Surgical procedure for inducing ovarian cancer. (A) Initial incision, 

close to the thoracolumbar junction and iliac crest on the left side. (B) Exposition and identification of 

the structures of the reproductive tract in the estrus phase: bursa covering the ovary (closed arrowhead); 

uterine tube (open arrowhead) and end of the uterine horn (arrow). (C) Example of DMBA application 

in the ovarian bursa. Observe the difference in the ovarian bursa before the application (D) and after its 

space is filled by the injection with DMBA (E). (F) Examples of sutures performed to close the 

abdominal wall and skin. 
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Supplemental Fig. 3. X-ray computed microtomography (micro-CT) examination. (A) 

Skyscan 1178 microtomography (Bruker) used and anesthetized rat. (B) Detail of positioning the animal 

in dorsal decubitus on the equipment bed for the image acquisition process. 

 

Supplemental Table 1. Primary antibodies for Immunohistochemistry. 

Antibody Clonality Code   Distributor Dilution 

TLR2 polyclonal sc-10739   Santa Cruz Biotechnology, USA 1:100 

TLR4 monoclonal sc-293072   Santa Cruz Biotechnology, USA 1:100 

IL-6 polyclonal sc-1265   Santa Cruz Biotechnology, USA 1:200 

IFN-γ monoclonal sc-12755   Santa Cruz Biotechnology, USA 1:100 

iNOS polyclonal ab3523   Abcam, USA 1:100 

F4/80 polyclonal sc-25830   Santa Cruz Biotechnology, USA 1:50 

CD163 polyclonal bs2527R   Bioss, USA 1:150 

FOXP3 monoclonal sc-53876   Santa Cruz Biotechnology, USA 1:200 
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Supplemental Table 2. Primary antibodies for Histotyping Immunohistochemistry 

(TMAs). 

Antibody Clone Clonality Code Distributor Dilution 

WT1 [CAN-R9(IHC)-56-2] monoclonal ab89901 Abcam 1:300 

p53 [PAb 1801] monoclonal sc-98 Santa Cruz 

Biotechnology 

1:200 

PR [SP42] monoclonal ab101688 Abcam 1:400 

HNF1B HPA 002083 polyclonal HPA002083 Sigma 1:1200 

ARID1A [EPR13501] monoclonal ab182560 Abcam 1:10000 

CD3 [SP7] monoclonal ab16669 Abcam 1:400 
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Supplemental Fig. 4. Photographs with X-ray computed microtomography (micro-CT) 

examination. (A) Healthy Control Rat (uptake without 3D reconstruction), showing the left ovary 

(arrow) and the left uterine horn (closed arrowhead). (B) Rat induced with ovarian cancer (uptake 

without 3D reconstruction), note the more pronounced left ovary (arrow) and the left uterine horn (closed 

arrowhead). (C, D) Images of rats observed at ovarian cancer induction after 3D reconstruction. Left 

ovary (arrow) and uterine horn (closed arrowhead) in the coronal (C) and sagittal (D) planes. During the 

exams, visualization difficulties were found due to the size and position of the female gonad, as well as 

the presence of feces and intestinal gases. However, anatomical structures such as the uterine horns were 

used to help identify the position of the ovaries. The dimensional differences of the ovaries found in the 

images captured through microtomography were interpreted together with the other results of 

macroscopic and histopathological analysis, allowing monitoring of the procedure of chemical OC 

induction. Equipment used: Microtomography Skyscan 1178. 
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Supplemental Table 3. Body weight (g) in different periods and weight gain rate (g/week) 

of experimental groups. 

 
Experimental groups (n=7 animals/group) 

 Parameters Control Cancer 

 

OncoTherad 

 

EPO 

 

OncoTherad+EPO 

Initial body weight (g)* 192.8 ± 4.7 a 183.4 ± 9.2 a 192.8 ± 10.7 a 199.4 ± 7.4 a 193.4 ± 9.3 a 

Body weight after OC 

development (g) 208.4 ± 7.0 a 218.6 ± 5.4 a 210.0 ± 14.1 a 226.7 ± 9.5 a 215.4 ± 14.2 a 

Final body weight (g)* 214.4 ± 6.6 a 219.4 ± 8.4 a 226.1 ± 15.7 a 229.0 ± 12.0 a 217.3 ± 12.5 a 

Weight gain/week (g) 0.98 ± 0.11 a 1.41 ± 0.37 a 1.39 ± 0.42 a 1.08 ± 0.58 a 0.88 ± 0.44 a 

Values expressed as mean ± standard deviation. ANOVA. *Kruskal Wallis test. In the same line, values 

followed by equal letters indicate absence of statistically significant difference between groups (p>0.05). 

 

 

 

 

Supplemental Fig. 5. Body weight variation of the groups. Graph of body weight variation from 

the 1st to the 29th week. In the 3rd and 4th weeks, surgeries of chemical induction of OC. The period 

between the 4th and 25th week corresponds to the period of tumor development (around 140 days). The 

period between the 25th and 28th week corresponds to the 4 weeks of treatments with OncoTherad®, 

Erythropoietin, and OncoTherad® associated with Erythropoietin. The 29th week corresponds to the 

euthanasia of the animals. 
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Supplemental Table 4. Feed consumption (g/animal/week) and water consumption 

(ml/animal/week) of experimental groups in different periods. 

 
Experimental groups (n=7/group) 

Parameters Control Cancer 

 

OncoTherad 

 

EPO 

 

OncoTherad 

+EPO 

Feed consumption (g/animal/week) 

General (all period) 79.98 ± 16.6 a 79.01 ± 9.0 a 77.49 ± 18.2 a 77.64 ± 7.7 a 74.78 ± 8.1 a 

Before surgery 90.50 ± 30.9 a 76.22 ± 3.7 a 68.25 ± 20.7 a 86.05 ± 9.3 a 77.73 ± 3.3 a 

Tumor development 78.37 ± 13.0 a 81.12 ± 9.7 a 76.36 ± 6.5 a 77.95 ± 8.1 a 75.15 ± 8.1 a 

During the 

treatments 75.25 ± 3.2 a 73.36± 3.7 a 91.98 ± 31.4 a 74.88 ± 8.5 a 72.77 ± 11.1 a 

Water consumption (ml/animal/week) 

General (all period) 101.8 ± 22.1 a 103.0 ± 18.3 a 85.3 ± 22.3 b 94.4 ± 18.4 a 94.5 ± 16.8 a 

Before surgery* 114.0 ± 19.8 a 115.0 ± 17.1 a 92.1 ± 27.9 a 124.3 ± 6.6 a 108.0 ± 11.4 a 

Tumor development 104.1 ± 22.6 ac 102.8 ± 17.2 a 80.1 ± 11.76 d 88.4 ± 14.0 b 90.6 ± 16.7 bc 

During the 

treatments 81.3 ± 4.2 a 84.2 ± 3.9 a 92.9 ± 37.7 a 101.3 ± 22.0 a 101.7 ± 16.5 a 

Values expressed as mean ± standard deviation. Kruskal-Wallis, Student-Newman-Keuls test. 

*ANOVA. In the same line, values followed by different letters indicate statistical difference between 

groups (p<0.05). The differences among the groups during the tumor development period were not 

related to the OncoTherad® or EPO, since in that period the treatments had not yet been started. 
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Supplemental Fig. 6. Sections of the TMAs after IHC assays with the histotypes 

biomarkers. (A) Wt1, (B) Arid1a, (C) Hnf1b, (D) Pr, and (E) p53. Bars = 6mm. 
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6. CONSIDERAÇÕES FINAIS  

Os efeitos antitumorais da imunoterapia OncoTherad® relacionados à indução da produção 

de IFN-γ foram demonstrados tanto no câncer de bexiga não-músculo invasivo como no 

carcinoma ovariano do tipo seroso em modelo animal. As associações envolvendo o Plasma 

Rico em Plaquetas no câncer de bexiga e a Eritropoetina no câncer de ovário mostraram que 

esses compostos podem modular os efeitos da imunoterapia. Enquanto o PRP polarizou a 

imunomodulação para o receptor TLR4, a EPO balanceou a estimulação imune através da 

estimulação de TLR2. Por fim, foi possível descrever novas estratégias para o desenvolvimento 

de terapias oncológicas para os cânceres do sistema urogenital bem como caracterizar um novo 

modelo de câncer de ovário para o teste de fármacos considerando o histotipo específico.  
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