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RESUMO

Dentre as propriedades da talidomida descritas na literatura, além do seu alto potencial
antiangiogénico por inibigdo de fatores de crescimento, é demonstrado sua a a¢éo no controle
de algumas neoplasias a partir da modulacdo de células do sistema imune. Embora os
mecanismos de acdo da talidomida sejam pouco esclarecidos, ensaios clinicos procuram
demonstrar o efeito dessa droga no controle neoplasico. O objetivo desse trabalho foi avaliar
o efeito do tratamento com diferentes doses de talidomida na resposta inflamatoria associada a
progressdo tumoral do carcinoma mamario murino 4T1. Suspensdo de células 4T1 foi
inoculada em camundongos Balb/c para obtencdo de tumor sélido. A partir do quinto dia de
inoculacdo tumoral diferentes grupos de animais receberam por via oral 50 mg/kg, 100 mg/kg
e 150mg/kg de talidomida, respectivamente, durante 23 dias e, ao vigésimo nono dia de
inoculacdo tumoral os animais foram eutanasiados com a coleta do tumor e pulméo para
avaliacdo do infiltrado inflamatdério por microscopia Optica e dosagens das citocinas TNF-a,
CCL2/MCP-1 e VEGF, além das enzimas NAG e MPO. Foi observado no tumor priméario um
aumento de células inflamatdérias com padrdo mononuclear e distribuidas difusamente na
regido peritumoral dos animais tratados com as doses de 100mg/kg e 150 mg/kg de
talidomida, nas metastases pulmonares a infiltracdo inflamatéria teve um carater variavel
entre 0s grupos, com a maior predominancia de células polimorfonucleares. Os niveis de
NAG e MPO nas metastases pulmonares demonstraram um significativo aumento nos animais
tratados com as maiores doses, resultado ndo observado no tumor primario. Foi observada
uma reducdo significativa somente nos niveis de MCP-1 e VEGF no tumor primério ap6s o
tratamento com talidomida. Entretanto, no pulméo, foi observado um significativo aumento
nos niveis de MCP-1 e TNF-a. Os resultados sugerem que a terapéutica com talidomida,
quando administrada em maiores doses, possui um efeito antiangiogénico, possivelmente
devido a diminuicdo da infiltracdo de macrdfagos, com reducdo da secrecdo de fatores de
crescimento. Nas metéstases pulmonares a agdo da talidomida favorece um perfil pro-

inflamatdrio que pode estar associado a uma resposta do sistema imune as metastases.
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ABSTRACT

In addition to the high antiangiogenic potential through inhibition of growth factors, the
properties of thalidomide described in the literature also demonstrate control of some
neoplasms by modulating the immune system. Although the mechanisms of action of
thalidomide are poorly understood, clinical essays search to demonstrate the effect of this
drug in neoplasm control. The aim of this work was to evaluate the effect of the treatment
with different doses of thalidomide in the inflammatory response associated to tumoral
progression of the 4T1 murine mammary carcinoma. A 4T1 cell suspension was inoculated in
Balb/c mice in order to obtain a solid tumor. After the fifth day of inoculation, different
groups of animals received 50 mg/kg, 100 mg/kg, and 150mg/kg per day of thalidomide
through oral administration. Treatment continued for 23 days and on the 29" day following
tumor inoculation the animals were euthanized. Primary tumor and lungs were collected for
the evaluation of the inflammatory infiltrate through optical microscopy in HE and TNF-a,
CCL2/MCP-1, and VEGF cytokines and NAG and MPO enzymes were evaluated. An
increase in mononuclear pattern of inflammatory cells was observed in the primary tumor.
These cells were diffusely distributed in the peritumoral region of animals treated with
100mg/kg and 150 mg/kg of thalidomide. In the pulmonary metastases the inflammatory
infiltrate varied among groups, with polymorphonuclear cells predominating. The levels of
NAG and MPO in pulmonary metastases demonstrated a significant increase in animals
treated with higher doses, result not demonstrated in the primary tumor. A significant
reduction was observed solely in MCP-1 and VEGF levels in the primary tumor
following treatment with thalidomide. However, a significant increase in MCP-1 and TNF-a
levels was observed in the lung. These results suggest that thalidomide therapy administered
in higher doses possesses an antiangiogenic effect, possibly due to a decrease in macrophages
reducing growth factor secretion. Thalidomide promoted a proinflammatory profile in
pulmonary metastases, which may be associated to an immune system response against

metastases.
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1. INTRODUCAO

A talidomida é um potente farmaco ndo barbiturico, sedativo-hipndtico, sintetizado pela
Chemie Grinenthal em 1954. Em 1956, a talidomida foi introduzida na Alemanha para o
tratamento de enjoos matinais em mulheres gravidas. Todavia, sua utilizagdo foi proibida anos
seguintes pelo Food and Drug Administration (FDA) devido & associacdo do seu uso ao
nascimento de crianca com deformacdes em extremidades distais e 6rgdos internos
(ELEUTHERAKIS-PAPAIAKOVOU; BAMIAS; DIMOPOULQS, 2004). Posteriormente,
D’Amato et al. (1994) demonstraria que a teratogenicidade da talidomida devia-se a inibigédo
do Basic Fibroblast Growth Factor (bFGF), importante fator de crescimento relacionado ao
periodo de formacdo e desenvolvimento do embrido. Contudo, o mecanismo de acdo da
talidomida relacionado a teratogenicidade, s6 foi descrito em 2010, quando a proteina
cereblon foi mostrada para ser um alvo terapéutico da talidomida (ITO et al., 2010;
STEWART, 2014).

Além dos efeitos teratogénicos, em 1965, a talidomida foi mostrada para possuir agdo anti-
inflamatdria em um paciente com eritema nodoso hansénico. Neste paciente, o emprego da
talidomida para o tratamento de sintomas relacionados a falta de sono levou também a
inibicdo do Fator de Necrose Tumoral alfa (TNF-a), principal mediador pro-inflamatorio
dessa doenga (VIANNA et al., 2013). A partir de entdo, o emprego da talidomida em outras
condicdes inflamatorias cronicas e agudas demonstrou o beneficio dessa droga em inibir
diversos mediadores inflamatérios e/ou modulando-os, interferindo assim com a resposta
imune as agressoes (LEE et al., 2004; YASUI et al., 2005; ASANO et al., 2010; KUMAR et
al., 2010; HERNANDEZ et al., 2011; AMIRSHAHROKHI, 2013).

Devido seu alto potencial antiangiogénico, a talidomida também foi avaliada para o
tratamento de diversos canceres, que sdo altamente dependentes da neovascularizagdo. Seu
efeito terapéutico ja foi avaliado no mieloma multiplo (BITTENCOURT et al., 2004), glioma
(FINE et al., 2003); glioblastoma multiforme (BAUMANN, 2004) e outros tumores s6lidos,
como tumor de mama (EISEN et al., 2000), figado (ESCUDIER et al., 2002) e pancreas
(MAPLES et al., 2004).

A utilizagdo de modelos experimentais na oncologia tém fornecido resultados importantes

para avaliacdo do potencial terapéutico de novos farmacos e também de farmacos ja
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estabelecidos no mercado. Dentre os modelos experimentais transplantveis em oncologia
mamaria destaca-se o0 carcinoma mamario murino 4T1, que consiste de um adenocarcinoma
mamario originado de um camundongo Balb/c fémea. O tumor 4T1 € uma linhagem
altamente tumorigénica e invasiva, que metastatiza espontaneamente para 0s mesmos tecidos
e 6rgdos que no cancer de mama humano. Sendo assim, este tumor equipara-se na mulher ao
cancer de mama de estadio IV, onde se pode encontrar metastase regional e a distancia. Os
principais Orgaos e tecidos acometidos sdo linfonodos, pulméo, figado, 0ssos e cérebro.
(PULASKI; OSTRAND-ROSENBERG, 2001).

Diante do exposto, estudos envolvendo os efeitos imunomodulatérios da talidomida tornam-
se importantes para melhor compreendermos a sua agdo sobre o sistema imune e como este

pode atuar sobre o crescimento, progressao e metastatizacdo do cancer de mama.
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2. REVISAO DE LITERATURA
2.1. Talidomida: farmacologia, mecanismos de acao e efeitos colaterais.
Farmacologia

A talidomida é um derivado sintético do acido glutdmico, contendo dois anéis amidas e um
tnico centro quiral (Figura 1). E encontrada na mistura racémica de dois isdmeros (R) e (S)
que apresentam distintas acGes farmacoldgicas. A maxima concentracdo sérica para uma dose
oral de 200 mg é obtida em média de 4 horas e sua hidrolise ndo enzimatica resulta em
diversos metabdlicos que séo reabsorvidos na urina e parte do farmaco é excretado intacto nas
fezes. O clearence da talidomida é primariamente ndo renal e o tempo de meia vida dos seus
dois isdbmeros é de 4,6 e 4,8 horas, respectivamente (ELEUTHERAKIS-PAPAIAKOVOU,;
BAMIAS; DIMOPOULOS, 2004; TEO; STIRLING; ZELDIS, 2005).

O O
NH
N o)

O

Figura 1: Estrutura quimica da talidomida.
Mecanismos de acao

Os mecanismos de acdo da talidomida permaneceram pouco compreendidos durante meio
século, contudo, recentemente o efeito teratogénico da talidomida foi demonstrado para estar
associado a sua ligacdo a proteina cereblon (ITO et al., 2010), assim como de seus derivados
imunomoduladores - a pomalidomida e a lenalidomida (ZHU et al., 2011). A proteina
cereblon em humanos é codificada pelo gene CRBN. MutacBes no gene CRBN é associada
com um retardo mental ndo-sindrébmico autossémico recessivo, que possivelmente tem
relagdo com uma desregulacdo dos canais de sodio-potassio no cérebro. Cereblon forma um
complexo proteico com a proteina ubiquitina E3, proteina de ligacdo ao DNA danificado
(DDB1), culina-4A (CUL4-A) e ao regulador de culina (ROC1). Acredita-se que a proteina

cereblon se ligue a outros substratos proteicos nesse complexo, orientando esses substratos a
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protedlise (LEE et al., 2011). No mieloma mdltiplo, a diminuigdo da expressdo de cereblon
tem sido mostrada para ser um fator de resisténcia a terapéutica com talidomida e seus
derivados (KORTUM et al., 2015).

Em relacdo aos efeitos imunomoduladores da talidomida, a sua a¢éo tem sido associada a sua
capacidade de inibicdo da sintese de TNF-o por degrada¢do do seu acido ribonuléico
mensageiro (MRNA) (MOREIRA et al., 1993) e do bloqueio do fator de transcricdo nuclear
kappa b (NF- xB) (LIN et al., 2006; HERNANDEZ et al., 2011), além de regular
negativamente moléculas de superficie celular (PENG et al., 2006) e de ativar linfocitos T
CD4+ e linfocitos T CD8+ (HASLETT et al., 1998).

Efeitos colaterais

A talidomida é sabidamente um farmaco com potencial teratogénico, portanto sua utilizacédo
em gestantes é contraindicada. Homens em terapéutica com talidomida também séo
aconselhados a utilizar preservativo durante as relacbes sexuais, devido a capacidade de
eliminacdo do farmaco de forma intacta no esperma (ELEUTHERAKIS-PAPAIAKOVOU,;
BAMIAS; DIMOPOULOS, 2004).

Como a talidomida foi introduzida, a principio, devido ao seu potencial sedativo, efeitos
colaterais com sedacdo sdo encontrados apds sua utilizacdo. Esses efeitos sdo facilmente
minimizados com a administracdo da talidomida cerca de 3-4 horas antes de dormir. A
constipacdo é frequentemente associada apos sua utilizacdo e pode ser minimizadas com o uso
de laxantes e a ingestdo de muitas fibras. Ressecamento da pele e prurido podem também ser
observados, sendo facilmente minimizadas com cremes hidratantes sem alcool e por fim
lesbes mais graves de pele sdo menos comuns (ELEUTHERAKIS-PAPAIAKOVOU;
BAMIAS; DIMOPOULOS, 2004).

A trombose venosa profunda (TVP) e neuropatia periférica sdo os efeitos colaterais mais
graves, que estdo diretamente associados ao aumento de dose desse farmaco (CARRIER et
al., 2011; ROBAK et al., 2012) . O aumento de plaquetas e a ativacdo de fatores coagulantes

foram demonstrados nesses pacientes (HOSHI et al., 2011).
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2.2. Inflamacéo e cancer

Nas repostas teciduais a lesdes, uma rede complexa de mediadores sdo produzidos e células
inflamatdrias sdo recrutadas para o sitio de lesdo no intuito de combater o agente causal.
Leucacitos ativados (eosindfilos, neutréfilos e mondcitos) migram dos vasos sanguineos para
os tecidos em resposta aos mediadores inflamatorios. O endotélio passa a expressar mais
moléculas de superficie para facilitar a adesdo, rolamento e diapedese dos leucocitos. A
matriz extracelular com seus fibroblastos e células estromais, fornecem o meio de sustentacéo
para os leucocitos migrarem para os sitios de lesdo. Neutrofilos geralmente sdo as primeiras
células efetoras encontradas nos sitios inflamatérios, em seguida, mondécitos deixam 0s vasos
e se diferenciam em macrdfagos teciduais. Mastdcitos também possuem um papel importante
nas respostas inflamatdrias, com a producdo de diversos mediadores inflamatdrios, como
histamina, citocinas e proteases, além de diversos mediadores lipidicos (COUNSSENS;
WERB, 2002).

O balanco na producdo de citocinas, quimiocinas e fatores de crescimento em ambientes de
lesdo tecidual sdo eventos cruciais para a geragdo, manutencdo e resolucdo dos processos
inflamatorios. Em inflamacdes crénicas, onde se observa uma persisténcia na manutengdo do
processo inflamatorio, sendo decorrente ou ndo da presenca do agente lesivo, por vezes, é
observado um risco elevado ao surgimento de cancer. A ideia de que a inflamacdo esteja
associada ao surgimento de cancer é antiga, foi em 1863 que Rudolf Virchow associou a
infiltracdo de células inflamatérias a tecidos neoplasicos em sitios de inflacdo crbnica
(BALKWILL; MANTOVANI, 2001; GRIVENNIKOV; GRETEN; KARIN, 2010). Hoje é
estimado que pelo menos 25% de todos 0s canceres encontram-se associados com infeccgdes e
reacOes inflamatérias (EIRO; VI1ZOSO, 2012).

A inflamacdo aguda e crbnica pode ser um agente causal para o desenvolvimento de uma
variedade de cénceres, quanto mais a inflamacdo persistir maior serd o risco de cancer.
Neutrofilos, eosinofilos, mondcitos e macréfagos sao vistos para produzir os fatores soltveis
necessarios para a proliferacdo das células neoplasicas, todavia as proprias células neoplésicas
também sdo capazes de produzir esses fatores ( MANTOVANI, 2009; GRIVENNIKOV;
GRETEN; KARIN, 2010).
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Os mediadores inflamatérios incluem os metabolitos do acido araquidénico, citocinas,
quimiocinas e os radicais livres. A exposicdo crénica a esses mediadores leva ao aumento da
proliferacdo celular, ativacdo de oncogenes e angiogénese com reducéo ou perda do controle
do crescimento normal celular. Modelos animais fornecem evidéncias experimentais de que a
inflamac&o cronica pode promover o cancer e também elucidam os mecanismos envolvidos
na carcinogénese experimental (SHACTER; WEITZMAN, 2002).

O sistema imune possui um papel importante durante todas as etapas de carcinogénese
(GRIVENNIKOV; GRETEN; KARIN, 2010). A tentativa de combate as células
transformadas, que possuem um fenétipo alterado, é detectada a partir da expressdo de
marcadores moleculares ou marcadores antigénicos que sdo reconhecidos pelas células
imunes efetoras com consequente destruicdo. Células Natural Killer (NK), componente efetor
importante da imunidade inata, reconhecem essas células transformadas e as destroem por
citotoxicidade direta ou também, pela producéo de interferon- y (IFN-y) que ativam as células
da imunidade adaptativa (linfécitos T e B) que irdo combater as células neoplésicas
(KAWAMATA et al., 2006; DEWAN et al., 2007).

O reconhecimento de clones celulares neoplésicos pelo sistema imune com sua posterior
destruicdo é denominado imunovigilancia. A imunidade inata e adaptativa fornecem o0s
sistemas necessarios para o controle do surgimento dos canceres. Todavia, muitas células
neoplésicas adquirem mecanismos de escapes tumorais, como a perda de expressdo de MHC-I
e/ou a secrecdo de substancias que recrutam determinados perfis celulares que possuem
caracteristicas imunossupressoras (LIM et al., 2010). Dentre essas células, os linfécitos T
regulatérios e macréfagos polarizados do tipo M2 sdo demonstrados por favorecer o
crescimento neoplasico, pela imunossupressdo de linfocitos T citotoxicos CD8+, linf6citos T
helper CD4+ e células NK e também da secrecéo de fatores de crescimento (REZENDE et al.,
2010; BISWAS; ALLAVENA; MANTOVANI, 2013; TANG, 2013).

Além disso, tumores estabelecidos produzem diversos mediadores que alteram o
microambiente neoplasico. Esses quimiotratantes recrutam leucdcitos especificos, que
resultam em um ambiente favoravel ao crescimento neoplasico (SHACTER; WEITZMAN,
2002). De maneira contréria, a infiltragdo de células inflamatdrias nos tumores também se
correlaciona com um fator antineoplasico em diversas neoplasias (KIM et al., 2011; LIM et

al., 2010; RUFFELL et al., 2011). Em tumores de mama, a presenca de linfocitos infiltrantes
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em tumores (TILs) correlaciona com fator prognostico favoravel, outros tumores como o
cancer de ovario a infiltracdo de células inflamatorias é correlacionado com pior progndstico e
maiores taxas de proliferacdo neoplasica (NESS; COTTREAU, 1999; MACCIO;
MADEDDU, 2012). Diante disso, a inflamacdo nos diversos céanceres tem demonstrado
prognostico variavel, principalmente relacionado ao perfil das células encontradas
(BOHLING; ALLISON, 2008; ESTRELA-LIMA et al., 2010; TINDAL et al., 2010; SHIELS
etal., 2013).

2.3. Tumores experimentais de mama: tumores induzidos e tumores transplantaveis

Modelos experimentais in vitro e in vivo tém sido bastante utilizados na oncologia a fim de se
conhecer 0s mecanismos envolvidos durante todas as etapas da carcinogénese, desde a
iniciacdo, promocdo, progressdo e disseminagdo metastatica (WATANABE et al., 1992;
BURDALL et al., 2003; BARROS et al., 2004).

Os modelos experimentais in vivo utilizados podem ser obtidos através da inducdo por algum
agente carcinogénico, capaz de induzir a transformacéo neoplasica, ou a inoculacdo de células
neoplasicas ja estabelecidas em cultura celular (HENNIGHAUSEN, 2000; PULASKI;
OSTRAND-ROSENBERG, 2001; BARROS et al., 2004; FERREIRA et al., 2007).

O risco de desenvolvimento de cancer apds a exposicdo a determinadas substancias
forneceram os primeiros dados da carcinogénese humana (WAALKES, 2000). Os modelos
experimentais de inducdo com carcin0genos ja bem estabelecidos vieram a esclarecer as
transformacdes celulares fenotipicas e genotipicas ocorridas até o surgimento dos canceres
(IMAOKA et al., 2013).

Diversos agentes ou substancias sdo capazes de induzir alteracbes no DNA celular.
Substancias quimicas, virus e radiacdo UV sdo os principais indutores de transformacéo
celular (IMAOKA et al., 2013). Dentre os modelos experimentais oncologicos, a indugdo de
tumores de mama pelo 7,12 dimetilbenz(a)antraceno (DMBA) consiste de um modelo
bastante utilizado para os estudos de carcinogénese, biologia dos tumores e avaliacdo de
farmacos com potencial antineoplasico. O DMBA quando administrado em cobaias €
metabolizado em diversos tipos de tecidos, os epoxidos formados, sdo os metabdlitos ativos
capazes de lesar o DNA das células, sendo o principal evento de iniciacdo da carcinogénese.

As lesdes neoplésicas originadas na mama de ratas ap6s a administragio com DMBA
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compara-se, em humanos, com neoplasias originadas nas unidades ducto-lobulares, validando
assim o modelo utilizado (BARROS et al., 2004).

O estabelecimento do cultivo das células neoplasicas in vitro possibilitou os diversos estudos
das alteracGes genéticas ocorridas nas células transformadas. Além disso, muitos testes
farmacoldgicos foram realizados nessas células para a avaliagdo do potencial terapéutico
antineoplasico dessas drogas. Bastante empregadas na pesquisa, 0s cultivos celulares possuem
as vantagens da facil manipulacdo e constituem uma fonte de replicacdo quase infinita, além
de possuir um elevado grau de homogeneidade (BURDALL et al., 2002). Contudo, o
ambiente in vitro, embora bastante controlado, néo fornece a complexidade de um organismo
vivo. Diante disso, modelos de oncologia experimental transplantaveis sdo utilizados afim de

melhor mimetizar os canceres ocorridos em humanos.

Assim, células de culturas priméarias humanas sdo amplamente empregadas nas pesquisas. As
células MCF-7 cultivadas a partir de efusdo pleural de uma paciente com cancer de mama,
caracterizada pela Michigan Cancer Foundation, atualmente consiste no perfil celular mais
empregado na oncologia (BURDALL et al., 2002), juntamente com outros cultivos celulares,
tais como ZR-75-30, T-47D e MDA-MB-231 (ENGEL; YOUNG, 1978; SHEN et al., 2009).
A inoculacdo das células neoplasicas no tecido subcutaneo em camundongos nude
(xenotransplante) possibilita a proliferacdo celular em um ambiente in vivo, uma vez que nao
ocorrera rejeicdo. Os tumores se formam no local de inoculacdo, as células neoplésicas
proliferam de forma similar o que ocorre em humanos, fornecendo assim um modelo

adequado para os estudos de oncologia (SHEN et al., 2009).

Tumores mamarios também surgem espontaneamente em algumas espécies de animais, como
cdes, ratos e camundongos (BARROS et al., 2004). O cultivo celular dos tumores primarios

dessas espécies também podem fornecer dados importantes sobre a carcinogénese mamaria.

O tumor de Ehrlich, um tipo de tumor transplantavel utilizado para avaliagfes experimentais,
é uma neoplasia de origem epitelial maligna, correspondente ao adenocarcinoma mamario de
camundongos, que cresce na forma sélida quando implantado por via subcutéanea ou na forma
ascitica quando inoculado no peritébnio (DAGLI, 1989; DAGLI et al., 1992a; DAGLI et al.,
1992b). O tumor de Ehrlich é reconhecido por apresentar uma forte resposta imune

antitumoral, a ascite é provavelmente formada em consequéncia da inflamagao induzida pelo
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tumor, devido o aumento da permeabilidade vascular peritoneal (FASTAIA; DUMONT,
1976). A resposta imune efetiva desse tumor necessita de uma interacdo forte entre
macrofagos, linfocitos T e linfocitos B. Entretanto este modelo apresenta baixas taxas de
metastases distantes, tornando-o um modelo pouco interessante no estudo de progressdo
tumoral sisttmica (PELERMO-NETO; MASSOCO; SOUZA, 2003).

Outro modelo experimental muito explorado é o carcinoma mamario murino 4T1, que
consiste de uma neoplasia transplantavel de origem murina com alto potencial invasivo e
metastatico, correspondente ao cancer de mama da mulher de estadio IV (PULASKI;
OSTRAND-ROSENBERG, 2001). Varios estudos com esse modelo tém demonstrado
resultados sobre o comportamento tumoral, terapéutica antineoplésica, além de avaliacbes de
novos métodos diagnosticos mais eficazes para o estudo de metastases (GHAGHADA, K. B.
etal, 2011; SOUZA et al., 2012; SOUZA et al., 2013).

As metastases do carcinoma mamario murino 4T1 ocorrem a partir da segunda semana de
inoculacdo tumoral, os principais 6rgdos acometidos sdo linfonodos, pulméo, figado, ossos e
cérebro (BALIGA et al., 2005). Em canceres humanos, a taxa de metastases correlaciona com
um fator progndéstico negativo nas pacientes diagnosticado com cancer de mama, com reducéo
de sobrevida, maior mortalidade e morbidade. A reducdo do indice metastatico é um fator

importante nas terapias antineoplasicas (STEEG, 2006).
2.4. Talidomida, inflamacé&o e cancer: um potencial terapéutico.

Devido a alta incidéncia do cancer, a letalidade e a morbidade das pacientes, os estudos de
farmacos antineoplasicos consistem em uma das principais pesquisas envolvendo os modelos
murinos oncoldgicos. A sintese de novos farmacos, no entanto, € um processo demorado e
oneroso, devido as varias etapas que se seguem até comercializagcdo. Com isso 0s estudos com
farmacos com potencial antineoplasicos ja existentes sdo estimulados a fim de minimizar os
gastos dos testes pré-clinicos e clinicos e também disponibilizar mais rapidamente o0s

farmacos para utilizaco.

A talidomida é um farmaco que ja foi demonstrado para possuir potencial terapéutico em
diversas doencas neoplasicas (BAUMANN, 2004; EISEN et al., 2000) e ndo neoplésicas
(BOUSCARY et al.,, 2005; ASANO et al., 2010). Atualmente na oncologia, seu uso é
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indicado para casos de recidiva de mieloma multiplo como monoterapia ou em associagdo
com outras drogas (ROBAK; TRELINSKI; CHOJNOWSHI, 2012).

O potencial antineoplasico da talidomida é associado principalmente a sua atividade
antiangiogénica. A reducdo na sintese de VEGF e bFGF, ja foi demonstrado ap6s multiplos
tratamentos com talidomida, com consequente reducdo da neovascularizacdo tumoral (BELO
etal., 2001; SOUZA et al., 2012). Contudo seu potencial anti-inflamatério e imunomodulador
demonstrou também ser um mecanismo eficaz para o combate do crescimento neoplasico
(KAWAMATA et al., 2006).

No tratamento do carcinoma mamario murino 4T1, a talidomida ja demonstrou ser eficaz na
reducdo tumoral, através da diminui¢do da angiogénese e a inflamacdo tumoral (SOUZA et
al., 2012). A associa¢do da talidomida com outros farmacos demonstrou ser também uma
alternativa eficaz no controle neoplésico (SOUZA et al., 2013). Sabendo-se da importancia
das células inflamatorias associada ao desenvolvimento neoplasico, farmacos com capacidade
imunomodulatérias sdo vistas para ser possiveis alvos terapéuticos antitumorais. Nesse
contexto, a talidomida ja demonstrou resultados promissores, por ativar e estimular células
NK no combate de células neoplasicas em paciente com mieloma mdaltiplo refratario
(DAVIES et al., 2001; KAWAMATA et al., 2006). Em outras condi¢cdes ndo neoplésicas a
talidomida demonstrou efeito na coestimulacédo de linfocitos T (HASLETT et al., 1998), além
de também atuar sobre diversos perfis de citocinas que estdo diretamente associados a
ativacdo e modulacdo das células do sistema imune (LEE et al., 2004; YASUI et al., 2005;
ASANO et al, 2010; KUMAR et al, 2010; HERNANDEZ et al, 2011;
AMIRSHAHROKHI, 2013), o que sugere a acao desse farmaco sobre outros perfis celulares.
O aumento de leucécitos circulantes também foi demonstrado apds o tratamento com
talidomida, sugerindo um evento importante na resposta imune antitumoral (REIS et al.,
2014). Contudo, os estudos sdo escassos avaliando o efeito da talidomida sobre o infiltrado
inflamatdrio associado ao desenvolvimento neoplésico do carcinoma mamario murino 4T1, o
emprego de diversas doses sem critérios bem definidos dificultam também a avaliagdo e

comparacédo dos achados terapéuticos desse farmaco.
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3. JUSTIFICATIVA

O céancer de mama constitui uma importante doenga em humanos e animais domésticos, sendo
responsavel por elevadas taxas de mortalidade e morbidade. E bem compreendido que a
disseminacdo das células cancerosas para outros sitios, processo esse conhecido como
metastatizacdo, corresponde um passo importante para a reducdo da eficicia terapéutica e
diminuicdo da sobrevida do paciente oncoldgico. As metéstases resultam de diversos
processos sequéncias, altamente complexos, ndo aleatérios e 6rgdo seletivo. No cancer de
mama, uma das principais causas de morte em todo o mundo por cancer e principal causa
entre as mulheres, os 6rgdos prediletos para sitios de metastases sdo pulmao, figado, cérebro e

0SSO0sS.

Devido & alta taxa de mortalidade e morbidade relacionada as metastases do cancer de mama,
sobretudo as metastases pulmonares, os estudos em oncologia experimental avaliando o efeito
terapéutico de farmacos com acdo sobre o sistema imune tornam-se justificaveis, uma vez que
é bem documentado o papel dual das células inflamatérias infiltradas nos sitios tumorais,
podendo essas, entdo, exibir efeito anti-tumoral ou pré-tumoral. Assim, nesse contexto se
situa o presente projeto, que teve por objetivo avaliar o efeito da terapéutica com diferentes
doses de talidomida no infiltrado inflamat6rio associado ao tumor primario e metastases

pulmonares do carcinoma mamario murino 4T1.
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4. HIPOTESE

A talidomida inibe o crescimento metastatico do carcinoma mamario murino 4T1 associada a

uma imunomodulacdo de células inflamatorias infiltradas no tumor primario e suas metastases
pulmonares.
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5. OBJETIVOS

5.1. Objetivo geral

Avaliar o efeito da talidomida, em diferentes doses, no comportamento inflamatério associado

a progressao neoplasica metastatica do carcinoma mamario murino 4T1.

5.2. Objetivos especificos

- Avaliar os parametros clinicos hemograma completo, perfil bioguimico e peso dos
camundongos inoculados com o carcinoma mamario murino de células 4T1 submetidos ao
tratamento com talidomida nas doses de 50mg/kg, 100mg/kg e 150mg/kg.

- Avaliar o crescimento do carcinoma mamario murino de células 4T1 em camundongos
submetidos ao tratamento com talidomida nas doses de 50mg/kg, 100mg/kg e 150mg/kg.

- Quantificar o indice proliferativo das células neoplasicas no tumor primario e metastases
pulmonares do carcinoma mamario murino 4T1 submetidos ao tratamento com talidomida nas
doses de 50mg/kg, 100mg/kg e 150mg/kg.

- Quantificar o numero de vasos no tumor primario e metastases pulmonares do carcinoma
mamario murino 4T1 submetidos ao tratamento com talidomida nas doses de 50mg/kg,
100mg/kg e 150mg/kg.

- Avaliar os niveis de NAG, MPO, TNF-oa, CCL2/MCP-1 e VEGF nas amostras de tumor
primario e metastases pulmonares do carcinoma mamario murino 4T1 em camundongos
submetidos ao tratamento com talidomida nas doses de 50mg/kg, 100mg/kg e 150mg/kg.

- Caracterizar o comportamento inflamatério tecidual associado ao tumor primario e as
metastases pulmonares do carcinoma mamario murino submetidos ao tratamento com

talidomida nas doses de 50mg/kg, 100mg/kg e 150mg/kg.
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6. MATERIAL E METODOS, RESULTADOS E DISCUSSAO

Estes topicos serdo apresentados na forma de um artigo cientifico. O presente artigo foi

submetido ao periodico Pathology, Research and Practice (Anexo B).
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Abstract

The potential immunomodulatory effect of thalidomide (THD) has been studied as an important strategy in the
treatment of multiple myeloma, melanoma, and liver carcinoma. In this paper, the effect of administering
different doses of THD in mice with murine mammary carcinoma 4T1 is assessed, identifying cell proliferation
rates, angiogenic and inflammatory behavior present in the primary tumor, and lung metastases in these animals.
For this, Balb/c mice were inoculated with 2.5x10° cells of 4T1 tumor and divided into three groups according to
the daily dose of THD received (50 mg/kg, 100 mg/kg, and 150 mg/kg). The animals were treated from the fifth
to the twenty-eighth day of tumor development, with subsequent euthanasia and collection of peripheral blood,
the primary tumor, and lung. Treatment with THD at a dose of 150mg/kg significantly reduced the growth of
4T1 tumor. Histologic, morphometric, immunohistochemical, and immunofluorescence analyses of the primary
tumor showed an increase in inflammation, reduction in the neoplastic areas, decreased neoplastic proliferative
rate, and reduction of tissue macrophages in response to increased concentrations of THD. In lung metastases, a
reduction in the neoplastic proliferative rate and in the number of vessels was observed, with an increase in
NAG, CCL2, TNF-a levels and the number of macrophages in response to increased concentrations of THD.
These results open perspectives for the immunomodulatory and antitumor effects of THD according to the tumor
site and doses studied, particularly in relation to the immunomodulatory role of thalidomide in the recruitment
and activation of tumor-associated macrophages.

Keywords: cancer, immunomodulatory therapy, mouse model of disease, inflammation, tumor-associated

macrophages
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1. Introduction
Thalidomide (THD) was introduced in Europe for the treatment of morning sickness in pregnant women, but
from the 1960s, its use was banned in several countries because of its teratogenic potential [1]. However, several
clinical trials have shown the effect of thalidomide in controlling multiple myeloma, glioblastoma multiforme,
solid tumors, and hematologic malignant tumors [2]. It is suggested that this antineoplastic behavior is related to
its immunomodulatory and anti-angiogenic capacity [1,3]. It has been observed that the use of THD promotes
inhibition of inflammation, angiogenesis, and neoplastic proliferation in murine models [4,5,6].
In this context, inflammatory cells and their chemical mediators are important components in the tumor
microenvironment, which may act on different mechanisms in the growth, progression, and metastasis of tumors
[7,8,9,10]. The production of several cytokines, chemokines, and other substances with different actions on the
neoplastic cells have been observed in the tumor microenvironment in response to multiple inflammatory
stimuli, such as tumor necrosis factor alpha (TNF-o) expression, inducing apoptosis and promoting cell
proliferation, angiogenesis, and metastasis [11]. Other important processes are vascular endothelial growth factor
(VEGF) and monocyte chemoattractant protein-1 (MCP-1/CCL2) synthesis. VEGF has an angiogenic function
and increases vascular permeability in the tumor microenvironment, in addition to mediating signaling of tumor
cells, contributing to tumorigenesis, and acting as a chemotactic factor for macrophages [12,13]. CCL2 exerts a
potent chemoattractant and stimulating action with a mitogenic effect on mononuclear cells [14,15].
Thus, studies with experimental models attempt to demonstrate the immunomodulatory action of THD as an
effective therapeutic strategy in oncology [6,16]. Among these experimental oncology models is the murine
mammary carcinoma 4T1, a highly tumorigenic and metastasizing transplantable line that has been used as a
reference when assessing the treatment of advanced breast cancer corresponding to stage IV of human breast
cancer [17]. Previous studies [5,6,18] have shown the effect of THD inhibiting cell proliferation, modulating
angiogenesis and inflammation associated with the development of the primary tumor 4T1. However, the
relationship between the dose of thalidomide and its role on these behaviors has not been well defined, nor has
the influence of the drug on the pulmonary metastatic potential in this experimental model.
In light of the importance of the inflammatory response associated with neoplastic development and the known
role of THD in immunomodulation of the tumor immune response, this study aims to evaluate the effect of
different doses of THD on the inflammatory response associated with the development of metastatic murine

mammary carcinoma 4T1. This study evaluated the neoplastic growth and inflammatory and angiogenic
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responses in primary tumors and lung metastases of mammary carcinoma 4T1 cells in mice undergoing THD
treatment at doses of 50 mg/kg, 100 mg/kg, and 150 mg/kg.

2. Materials and Methods

2.1. Cell culture
Mouse breast cancer cell line 4T1 was purchased from American Type Culture Collection (Manassas, USA).
4T1 cells were maintained in RPMI 1640 medium (Hyclone, Logan, UT) containing 10% FBS. The cultures
were maintained at 37°C in a humidified atmosphere of 5% CO,,

2.2. Mice and Experimental protocol
The study was conducted in accordance with ethical principles for the use of animals in animal testing and after
approval by the Ethics Committee on Animal Use (CEUA/UFMG) under protocol number 262/2012.
Thirty-two female BALB/c mice were used, 45 days old, weighing = 20g, from the vivarium of the UFMG
Institute of Biological Sciences. The animals were divided into four groups (n=8) and kept in cages with
unlimited access to water and a balanced commercial brand of feed and artificially controlled lighting cycles (12
hours light/12 hours dark).
Initially, all animals were inoculated with 4T1 tumor cells (2,5x10°) subcutaneously in the left flank area. Three
groups of animals received 100 pl of THD (Fundacdo Ezequiel Dias, Belo Horizonte, Brazil) diluted in saline
and 0.25% Tween® (Dako, Carpinteria, USA) at concentrations of 50 mg/kg, 100 mg/kg, and 150 mg/kg orally
(gavage) in an independent manner, from the fifth day of tumor inoculation until the twenty-eighth day, 24 hours
apart. The control group animals received 100 pul of saline (0.9%) + Tween during the same period. The animals
were weighed and the primary tumor measured every 48 hours. Tumor volume was calculated using the formula:
tumor volume (mm3) = (length x width) 2/2 [19]. On the twenty-ninth day of inoculation, all animals were
euthanized by anesthetic overdose (sodium pentobarbital 50 mg/kg via IP) with whole blood collected in a dry
tube (Vacuette®, Brazil) and blood test tubes (EDTA, Vacuette®, Brazil), for biochemical evaluation of urea,
creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and y-glutamyl transferase (GGT)
and complete blood count (CBC), respectively, in addition to the completion of necroscopic examination for
primary tumor and lung collection. Blood smears were made and stained with May-Grunwald-Giemsa for
differential evaluation of leukocytes through an optical microscope Olympus BX50, 40x. The primary tumor and

lung were collected and weighed for histopathological, biochemical and cytokine analysis.
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2.3. Tissue extraction and determination of myeloperoxidase and N-acetyl-g-D-glucosaminidase
activities

The extent of neutrophil accumulation in the implants was measured by assaying myeloperoxidase (MPO)
activity as previously described by Ferreira et al. [20]. Part of the tumors was weighed, homogenized in (2 mL)
pH4.7 buffer (0.1 M NaCl, 0.02 M Na3PO4, 0.015 M Na2-EDTA), and centrifuged at 4 8°C at 12,000 g for 10
min. The pellets were then re-suspended in 0.05 M sodium phosphate buffer (pH 5.4) containing 0.5% hexa-1,6-
bis-decyltrimethylammoniumbromide (HTAB). MPO activity in the supernatant samples was assayed by
measuring the change in absorbance (optical density; OD) at 450 nm using 3,30-5,50-tetramethylbenzidine
(TMB) prepared in dimethyl sulfoxide (DMSO) in a final concentration of 1.6 mM and H202 (0.3 mM) in the
sodium phosphate buffer, pH 6.0. The reaction was terminated by adding 50 mL of H2SO4 (4 M). Results were
expressed as a change in OD per milligram of wet tissue.
The infiltration of mononuclear cells was quantified by measuring the levels of the lysosomal enzyme N-
acetylglucosaminidase (NAG) present in high levels in activated macrophages [20]. The pellets were weighed,
homogenized in NaCl solution (0.9% wi/v) containing 0.1% v/v Triton X-100 (Promega), and centrifuged (3000
g; 10 min at 4 8°C). Samples of the resulting supernatant (100 mL) were incubated for 10 min with 100 mL p-
nitrophenyl-N-acetyl-b-D-glucosaminide (Sigma) prepared in the citrate/sodium phosphate buffer (0.1 M citric
acid, 0.1 M Na2HPO4; pH 4.5) to yield a final concentration of 2.24 mM. The reaction was stopped by adding
100 mL of 0.2 M glycine buffer (pH 10.6). ). Hydrolysis of the substrate was determined by measuring the
absorption at 400 nm. Results were expressed as nmol/mg of wet tissue.

2.4.ELISA
The measurement of relevant pro-angiogenic and pro-inflammatory cytokines (VEGF, TNF-a, CCL2) was
carried out in the supernatant (50 pl) of homogenized tissue samples and in the serum (20 ul) from tumor-
bearing and non-tumor-bearing animals, using Immunoassay Kits (R&D Systems, Minneapolis, USA) and
following the manufacturer’s protocol. Briefly, dilutions of cell-free supernatants were added in duplicate to
ELISA plates coated with a specific murine monoclonal antibody against cytokine, followed by adding a second
horseradish peroxidase-conjugated polyclonal antibody, also against cytokine. After washing to remove any
unbound antibody-enzyme reagent, a substrate solution (50uL of a 1:1 solution of hydrogen peroxide and
tetramethylbenzidine 10mg/ml in DMSO) was added to the wells. Color development was terminated after 20

min incubation with 2N sulfuric acid (50 pL) and color intensity was measured at 540 nm on a
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spectrophotometer (E max—Molecular Devices). Standards were 0.5-log10 dilutions of recombinant murine
cytokines from 7.5 pg ml-1 to 1000 pg ml-1 (100 pl). The results were expressed as pg cytokine per mg of wet
tissue or per mL.
2.5. Histopathological, histomorphometric, and metastasis evaluation
The primary tumor and lung fragments were fixed in 10% buffered formalin, processed and embedded in
paraffin. Histological sections (4 um) were stained with hematoxylin and eosin (HE) and used for
histomorphological analysis of the primary tumor and pulmonary metastases identification. The inflammatory
infiltrate was evaluated, with minor changes, as described by Estrela-Lima et al. [21]. The profile of the infiltrate
was evaluated semi-quantitatively using the focal, multifocal or diffuse and weak (+), moderate (++), and intense
(+++) classification. Cell profiles were classified into mononuclear, polymorphonuclear, and mixed standard.
Histomorphometric analysis was carried out using the procedures described by Pereira et al. 2013. For
histomorphometric purposes, the percentage of tumor, necrosis, inflammation (angiogenesis, hemorrhage, and
edema), and normal tissue areas was calculated in 15 histologic fields, identifying 25 equidistant points per field.
For analysis, histological images were obtained from the capture system with a SPOT 3.4.5 Basic®
microcamera, adapted to an Olympus microscope (BX-40). The images were analyzed with use of Corel Draw®
software version 7.468, with the determination of 25 equidistant points per histological field. For metastases
evaluation, neoplastic cell nodules or aggregates distributed throughout the lung parenchyma, alveolar spaces,
and bronchioles were considered.
2.6. Immunohistochemistry

Formalin-fixed, paraffin-embedded (FFPE) tissue sections (4 um) of primary tumors and lungs were mounted on
silanized slides and a peroxidase based detection system, Advance HRP, was applied (Dako, Carpinteria,
California, USA). The slides were dewaxed in xylene and endogenous peroxidase activity was blocked with
H202 3% in methanol. The reagents were applied manually and immunoreactivity was ‘visualized’ by
incubating the slides with 3,30-diaminobenzidine (Lab Vision DAB substrate system; Lab Vision, Fremont,
California, USA) for 2 min. The details of antibodies, dilutions, antigen retrieval procedures, and incubation
times are given in Table 1. For CDC47 and FVIII, skin was used as an internal positive control. Negative

controls were performed using normal serum (Lab Vision Ultra V Block) in place of the primary antibody.
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Table 1: Details of the immunohistochemical staining and the reagents and methods used in the study.

Target Incubation time Staining
antigen Clone Manufacturer  Dilution AR method (h) location
Water bath
CDC4a7 47DC141  Neomarkers 1/300 (98°C) 1 Nuclear
Water bath
FVIII A0082 Dako 1/800 (98 °C) 1 Endothelial

FVIII: Factor VII, AR: Antigen retrieval.

Analysis was performed in primary tumor and lung metastasis. Mitogenic index was performed using CDC 47.
This antibody predominantly stains cells that are in the G1 and S phase of mitosis. The index for the CDC47
marker was obtained by estimating the percentage of positive cells in 500 tumor cells. Microvascular density
(MVD) in hot spot areas was determined in Factor VIII antibody staining according to the method described by
Maeda et al. [23]. Microscopic images of cross-sections were obtained with a planapochromatic objective 40 in
light microscopy. The images were digitized through a Spot Insigh Color microcamera adapted to an Olympus
Microscope (BX-40) and transferred to an image analyzer.

2.7. Confocal microscopy

Confocal immunofluorescence was performed as previously described, with minor changes [24]. In brief, FFPE
tissue sections were dewaxed, rehydrated, and unmasked in trilogy solution (Cell Marque, Koclin, CA, USA)
under pressurized heating (125°C) for 20 minutes, according to the manufacturer’s instructions. Next, samples
were rinsed in Phosphate Buffered Saline (PBS: 137 mM NaCl, 2.7 mM KCI and 10 mM phosphate buffer
solution, pH 7.4) (Sigma-Aldrich, Carlsbad, CA, USA), and then incubated in PBS containing 0.2% Triton X-
100 (Sigma-Aldrich) for another 20 minutes. Sections were then blocked in PBS containing 1% Bovine Serum
Albumin (BSA, Sigma-Aldrich) for 30 minutes. The sections were next incubated with a mouse monoclonal
antibody against F4/80 to label macrophage cells (1:150, mAb BMS8, Hycult Biotec, Uden, The Netherlands)
overnight at 4 °C. Sections were then rinsed 3 times for 5 minutes in PBS. Subsequently, sections were incubated
with Alexa Fluor® 488 Goat Anti-Rabbit 1gG antibody (1:1000, Life Technologies) and Hoechst 33258 (1
pa/mL, Life Technologies) for 1 hour at room temperature. Next, samples were washed 3 times in PBS for 10
minutes and mounted in Prolong Gold Antifade reagent (Life Technologies). A negative control was included for
all reactions and was performed by omitting primary antibodies. Images were collected using a Zeiss LSM 5
Live (Carl Zeiss, Jena, Germany) confocal microscope using an oil 40x 1.3 NA objective lens. Samples were

excited at 405 nm and observed at 415-480 nm to detect Hoechst (488 nm) and at 500-525 nm to detect Alexa
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Fluor 488 (532 nm). The fluorescence microscopy results were evaluated in 5 areas and 5 images were collected
from each positive cell for F4/80.

2.8. Statistical analysis
Results are presented as mean + SEM. All data were submitted to the Kolmogorov-Smirnov normality test.
Comparisons between groups were carried out using Student’s t-test for unpaired data and Student-Newman-
Keuls test. Correlations were carried out using by linear regression. A p-value less than 0.05 was considered
significant. The statistical program used to analyze the data was GraphPad InStat version 5.0 statistic software.

3. Results
After orally administering THD for 23 consecutive days, there were no significant changes in biochemical serum
indices for urea, creatinine, AST, and GGT of the treated animals as compared with the control group. Increased
ALT levels were observed only in the group treated with 100 mg/kg THD (p<0.05) (Table 2). As for
hematological indices, a slight decrease in total leukocytes was observed in the groups treated with 100 mg/kg
and 150 mg/kg of THD (p<0.05) as compared with the control group without changes in other parameters (Table
3). There were no differences between the weights of the animals treated with THD and the control group.
Table 2: Mean values of biochemistry analysis Balb/c 4T1 tumor-bearing experimental and control groups

treated with different doses of THD (23 days).

Control THD 50 THD 100 THD 150
Urea (mg/dl) 74,6 106,5 82,7 91,9
Creatinine (mg/dL) 1,9 2,7 2,4 2,7
AST (U/L) 199,1 2415 250,6 2541
ALT (U/L) 56,3 77,0 98,7** 84,1
GGT (U/L) 1,9 1,7 1,9 2

AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, GGT: Gamma-glutamyltransferase. The

results relate to average + standard deviation (**p< 0.01).
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Table 3: Mean values of hematological Balb/c 4T1 tumor-bearing experimental and control groups treated with

different doses of THD (23 days).

Control THD 50 THD 100 THD150
Erytrocytes (/mm3) 8,136 7,77 8,654 9,353
Hemoglobin (g/dl) 13,24 12,76 13,96 14,89
Hematocrit (%) 42,89 40,04 47,56 50,59
MCV (f1) 49,6 49,16 54,23 53,11
White Cells (/mm3) 8,374 7,781 6,741* 6,574*
Lymphocytes (%) 6,9 8,6 10,3 11,4
Neutrophil granulocytes (%) 85,9 84,6 81,4 81,1
Monocytes (%) 1,6 1,6 2,3 2,3
Band neutrophil (%) 19 2,6 3,1 2,6
Eosinophil granulocytes (%) 0,0 0,0 0,0 0,0
Basophil granulocytes (%) 0,0 0,0 0,0 0,0
Ring cell (%) 2,7 0,6 2,3 2,6
Blasts (%) 0,3 0,0 0,4 0,0
Platelets (/mm3) 745.000 658.500 736.400 519.600

MCV: mean corpuscular volume. The results relate to average + standard deviation (*p<0.05).

3.1.High doses of THD decrease primary tumor growth associated with increased tumor
inflammatory response

To evaluate the effect of THD treatment on tumor growth, measurements were carried out throughout tumor

development and the final volume of the primary tumor was calculated. A significant decrease in tumor mass

was observed only after treatment with 150 mg/kg (609.60+121.94 mm?3) of THD as compared with the control

group (850.66+243.59 mm3) (p<0.05) (Figure 1).
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Fig. 1. Kinetics of 4T1 tumor growth and the effects of systemic administration of thalidomide (50, 100 and 150

mg/kg/day). Data are presented as mean = SEM. Significantly (*p< 0.05, **p<0,01, t-test) different from the

vehicle control.
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A higher concentration of inflammatory cells in the peritumoral region in all groups was observed in the
histopathological analysis of the primary tumor. The intratumoral inflammatory infiltrate in most animals was
mild, consisting predominantly of mononuclear cells and often associated with areas of tissue necrosis, with a
significant increase in the group treated with 150mg/kg THD (p<0.05) (Table 4). The histomorphometric
analysis revealed a higher percentage of areas of inflammation (r=0.6407, p<0.0001) and reduction of neoplastic
areas (r=-0.2133, p=0.04549) related to THD concentration. An increase in inflammation areas between the
groups treated with 100 mg/kg (p<0.01) and 150 mg/kg (p<0.001) of THD and the control group was observed.
Furthermore, a reduction in the tumor areas (p<0.05) in the group treated with 100 mg/kg and a reduction in the

percentage of necrotic areas (p<0.05) in the group treated with 150mg/kg of THD was observed (Table 5).

Table 4: Infiltrate inflammatory analyses of tumor primary.

Peritumoral Intratumoral
Intensity Distribuition Pattern Intensity Distribuition Pattern
Control + Difuse Mononuclear + Multifocal Mononuclear
THD 50 + Difuse Mixed + Multifocal Mixed
THD 100 +++ Difuse Mononuclear + Multifocal Mononuclear
THD 150 +++ Difuse Mononuclear +++* Multifocal Mononuclear

Data represent mean + SEM (*<0.05) significant difference between the values of control and treated groups.

Table 5: Morphometric analysis of the percentage of neoplastic, normal tissue, inflammation, and

necrosis areas in tumor.

Neoplastic tissue Normal tissue  Inflammation Necrosis

% SM % SM % SM % SM
Control 78,8 15,3 1,2 1,6 8,5 3,7 11,5 8,1
THD 50 67,1 6,3 1,4 2,9 11,3 4,2 20,3 14,0
THD 100 57,7* 18,5 1,8 2,2 16,6* 5,6 23,9 12,7
THD 150 69,1 18,1 2,0 14 20,6 81 8,4* 15,1

Data represent mean + SEM (*<0.05) significant difference between the values of control and treated groups.
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3.2. THD reduces neoplastic proliferation of primary tumor and lung metastases of the 4T1 tumor
and displays different effects on tumor angiogenesis

To understand the potential antitumor mechanisms of THD in the primary tumor and lung metastases of murine
mammary carcinoma 4T1, we evaluated the proliferative index by the CDC47 expression and tumor
angiogenesis through the number of vessels from the FVIII expression. A lower proliferation index in neoplastic
cells was observed in the primary tumor and metastases in the lung, when comparing the treated groups with the
control group (p<0.05) (Figure 2). A reduction of this index was observed in the primary tumor (r= -0.5302, p=
0.0026) and in lung metastases (r=-0.6378, p = 0.0014) related to the increase of THD concentration given to
animals. Moreover, in the primary tumor, treatment with THD at a dose of 50mg/kg significantly reduced the
number of vessels (p<0.05). However, with an increase in THD dose (150mg/kg), a larger number of vessels was
observed as compared to the control group (p<0.05). A significant decrease in the number of vessels was
observed in the lung, accompanied by increased doses of THD (r=-0.3974, p= 0.0328), with no significant

differences between the mean values of the FVII1 expression among the groups (Figure 3).
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Fig. 2. Anti-proliferative effect of different doses of thalidomide in lung metastases and tumor 4T1.
Representative photomicrographs of lung metastases (A, B, C, D) and tumor (F, G, H, I) cross sections. (A) and
(F) control; (B) and (G) group treated with 50mg/kg/day of thalidomide; (C) and (H) group treated with
100mg/kg/day of thalidomide; (D) and (I) group treated with 150mg/kg/day of thalidomide. Data are presented
as mean + SEM. Significantly (*p< 0.05, **p<0,01, t-test) different from the vehicle control in lung metastases

and 4T1 tumor ((E) and (J), respectively). Arrows head tumor cell positive CDCA47.
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Fig. 3. Effect of different doses of thalidomide on angiogenesis of lung metastases and 4T1 tumor.
Representative photomicrographs of lung metastases (A, B, C, D) and tumor (F, G, H, I) cross sections. (A) and
(F) control; (B) and (G) group treated with 50mg/kg/day of thalidomide; (C) and (H) group treated with
100mg/kg/day of thalidomide; (D) and (I) group treated with 150mg/kg/day of thalidomide. (E) and (J) Data are
presented as mean + SEM. Significantly (*p< 0.05, **p<0,01, t-test) different from the vehicle control in lung

metastases and 4T1 tumor, respectively. Arrows head blood vessels.
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3.3. THD promotes increased levels of NAG, CCL2, and TNF-a in lungs with 4T1 tumor metastases
To evaluate the immunomodulatory effect of thalidomide, the NAG, MPO, CCL2, VEGF, and TNF-a levels
were measured in the primary tumor and in the lungs of animals inoculated with 4T1 tumor cells. Treatment with
50mg/kg of THD in the primary tumor reduced only the CCL2 levels (p<0.05). However, in the lung, a positive
correlation was found between increased levels of NAG (r=0.4308, p=0.0249), CCL2 (r=0.6883, p=0.0001), and
TNF-o (r=5230, p= 0.0061) and increasing doses of thalidomide. When comparing the levels of these markers
between the treated and control groups, an increase in NAG levels between the groups treated with 100 mg/kg
(p<0.05) and 150 mg/kg (p<0.05) of THD was observed. TNF-a levels were also increased in the groups treated
with 100 mg/kg (p<0.01) and 150 mg/kg (p<0.05). With regard to the CCL2 levels, a significant increase was
observed for the group treated with 150mg/kg (p<0.001) (Figure 4). No significant changes were observed in

MPO and VEGF levels in the primary tumor and lung in the animals.
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Fig. 4. Immunomodulatory effect of different doses of thalidomide on cytokines levels of CCL2, TNF-a, and NAG activity in lung metastases (A, B, C) and 4T1 tumor (D, E,

F). Data are presented as mean =+ SEM. Significantly (*p< 0.05, **p<0,01, ***p<0,001, t-test) different from the vehicle control.
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3.4. THD promotes an increase in the number of macrophages in the lung with 4T1 tumor metastases
To assess the immunomodulatory effect of THD on the macrophage population in the primary tumor and
pulmonary metastases, macrophage immunostaining was carried out by means of protein F4/80 expression [25].
In the primary tumor, an increased THD concentration was related to decrease in macrophage F4/80+ (r=-
0.4498, p=0.0067). A comparison between groups also confirmed these findings, with a smaller number of
macrophage F4/80+ in animals treated with doses of 50mg/kg (p<0.05), 100mg/kg (p<0.01), and 150mg/kg
(p<0.01) of THD, as compared with the control group (Figure 6). However, corroborating previous findings, an
increase in macrophage F4/80+ was observed in the lung directly related to the increased concentration of THD
given to the animals (r =0.3809, p=0.0049); these results were also observed when compared to the average

number of macrophages associated with lung metastases, between the treated and control groups (p<0.05).
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Fig. 5. Confocal immunofluorescence images showing the F4/80 protein expression in macrophages of lung
metastases and 4T1 tumor. (B) and (C) Data are presented as mean £ SEM. Significantly (*p< 0.05, **p<0,01, t-

test) different from the vehicle control in lung metastases and 4T1 tumor, respectively.
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4. Discussion
In this study, we used the mammary carcinoma 4T1, which has a highly invasive and metastatic potential, to
evaluate the effects of treatment with 50mg/kg, 100mg/kg, and 150mg/kg of THD on inflammation,
angiogenesis, and neoplastic proliferation of different tumor sites. We propose to identify the possible action of
THD in modulating the immune response associated with the primary tumor and its pulmonary metastases,
inhibiting the metastatic neoplastic growth and/or tumor neovascularization. Our results support the idea of THD
having an immunomodulatory and antitumor action that interferes with the development of the primary tumor
and lung metastases of the 4T1 tumor, as there was an increase in inflammation in the primary site and lung
metastases followed by a reduction in neoplastic growth and tumor cell proliferation.
Treatment with THD in human medicine has been associated with certain side effects, including peripheral
neuropathy, thrombotic events, constipation, and drowsiness, particularly when used in high doses [26,27]. In
this study, the evaluation of clinical and laboratory parameters did not show significant side effects after
treatment with different doses of thalidomide. The administration of THD doses of 100 and 150 mg/kg was
effective in controlling the neoplastic proliferation of the primary tumor and lung metastases of 4T1 murine
mammary carcinoma. Moreover, this antitumor effect was shown to be accompanied by an increase in tissue
inflammatory response when the same doses were used. The antitumor effect of THD has been associated with
various therapeutic protocols, particularly its antiangiogenic action [28]; however, our results show that
administering different doses of THD over 23 days has distinct effects on intratumor vascular formation. In our
study, a THD dose of 50 mg/kg reduced the number of intratumor vessels, but at a dose of 150 mg/kg, we
observed a larger number of blood vessels. An increased dose of THD correlated with a reduction in the number
of blood vessels in the lung.
Tumor angiogenesis is a process through which new blood vessels are formed, important for primary tumor
growth and metastasis in breast cancer [29]. However, we believe the increase in the number of vessels in
primary tumors may be associated with increased local inflammation favored by therapy with thalidomide, as
there was an increase in tissue inflammation and angiogenesis. This vascular neoformation could be related to a
tissue remodeling response, since it has also been demonstrated that it promotes blood vessel development [30].
The immunomodulatory effects of THD have also been shown to be an effective strategy in treating different
types of cancers [16,18,31,32]. However, only important aspects of the development of the primary tumor and

lung metastases of 4T1 tumors, including the assessment of cell proliferation markers, angiogenesis, and
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inflammation in relation to different doses of THD were explored in this study. We observed a significant
increase in NAG, CCL2, and TNF-a in metastatic lungs of 4T1 tumor when THD was administered in high
doses. There was no observed correlation between the increase of therapy with THD and significant changes
among the marker levels in the primary tumor. The increased expression of CCL2 and NAG shows infiltration
and circulating monocyte recruitment capacity to differentiate into macrophages in the tumor sites, respectively
[15]. An increased expression of TNF-o and other inflammatory cytokines, reduction in the production of
angiogenic mediators, and increased phagocytic power. The study of tumor-associated macrophages (TAMS) has
shown the multiple roles of these cells play in the tumor microenvironment, either favoring neoplastic growth or
inhibiting it. TAMs constitute the largest component of the leukocyte infiltrate in various types of tumors and
studies of these cells have shown their important prognostic and therapeutic role in several types of cancer
[9,33,34,35,36]. Although phenotyping of the macrophages in M1 (anti-tumor) and M2 (pro-tumor) was not
carried out, our data suggest a possible modulation of these cells in an anti-tumor profile, as a gradual increase in
CCL2, NAG, TNF-a levels and the number of macrophage F4/80+ accompanied by increased THD therapy was
observed in the lung and that immunomodulation is associated with a reduction in the proliferative rate of
metastatic cells. We can also consider that increasing the concentration of THD dose correlated with a reduction
in the number of vessels in the lung, suggesting that the macrophages did not exhibit a pro-angiogenic profile.
Regarding the primary tumor, treatment with different doses of THD reduced the number of F4/80+
macrophages, although an increase of tissue inflammation associated with increased drug concentration has not
been observed.

Immune cell recruitment to the tumor site has been extensively studied to recognize the role of inflammatory
cells associated with the development of tumors [37,38,39]. Thus, drugs with immunomodulatory and anti-
inflammatory potential are suggested as potential therapeutics in oncology [5,40,41]. In this context, THD has
been shown to modulate various cytokines [42,43], and also act on different cell types such as macrophages [44],
lymphocytes [45], and natural killer cells (NK) [16.31]. In this study, we have demonstrated an important action
of THD in the recruitment of macrophages according to the evaluated tumor site. Our results open future
prospects regarding immunomodulatory mechanisms of THD in 4T1 tumors, particularly in the drug's role in the
recruitment of macrophages and modulation associated with pulmonary metastases.

In conclusion, this study demonstrates that therapy with THD at a concentration of 100mg/kg and 150mg/kg for

a period of 23 days exhibited immunomodulatory effects on the primary tumor and pulmonary metastases, and
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this response is associated with a reduction in tumor growth and reduced cell proliferation rate of cancer cells
from the primary tumor and lung metastases of 4T1 murine mammary carcinoma. Furthermore, such
immunomodulation in the lung is associated with increased macrophage migration through increased stimulation
of CCL2, resulting in an increased number of these cells with metastases.
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7. CONCLUSOES FINAIS

A partir dos resultados obtidos nesse estudo e nas condi¢cbes metodoldgicas empregadas,

podemos concluir que:

- O tratamento com diferentes doses de talidomida, nos camundongos Balb/c fémeas
inoculadas com o carcinoma mamario murino 4T1, ndo demonstrou efeitos colaterais
consideraveis, uma vez que nao foram observadas alteragdes nos parametros hematologicos,

bioquimicos, comportamento e peso dos animais envolvidos neste estudo.

- O tratamento com diferentes doses de talidomida nos camundongos Balb/c fémeas
inoculadas com o carcinoma mamario murino 4T1 resulta em um em um menor crescimento
tumoral, com reducdo gradativa em relacdo ao aumento da dose, sendo a dose mais efetiva

para esse estudo a de 150mg/kg de talidomida.

- O indice proliferativo das células neoplasicas no tumor primario e metastases pulmonares do
carcinoma mamario murino 4T1 mostrou significativa reducdo acompanhado do aumento das

doses de talidomida.

- No tumor primario, o tratamento com diferentes doses de talidomida exibiu diferentes
efeitos na angiogénese tumoral, contudo no pulmdo o aumento das doses de talidomida

mostrou-se acompanhada de uma reducéo gradativa no nimero de vasos nesse érgéao.

- O tratamento com talidomida exibiu efeito imunomodulador acompanhado do aumento das
doses de talidomida e tecido especifico, sendo que no pulmao foi observado uma acao pro-

inflamat6ria macrofagocitica, com aumento dos niveis de MCP-1, NAG e TNF-a.

- A administracdo de talidomida nos camundongos Balb/c fémeas inoculadas com o
carcinoma mamario murino 4T1 promove um aumento do infiltrado de células inflamatorias
no tumor primario e metastases pulmonares, sendo esse efeito no tumor primario
acompanhado de uma reducdo no numero de macrofagos e no pulmédo ocorre uma maior

infiltracdo dessas células acompanhadas do aumento das doses de talidomida.
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8. CONSIDERACOES FINAIS

As células inflamatdrias e citocinas encontradas em tumores tém mostrado diferentes papeis
no crescimento, progressdo e imunossupressdo das neoplasias. Os macrofagos séao
componentes leucocitarios relevantes no estroma de tumores solidos. A presenca de
macrofagos associados a tumores (MATS) tem correlacionado com resultados diversos e
diminuicdo de sobrevida em varios tipos de cancer. O estudo dos MATS sugere que essas
células apresentem capacidade de interagir com o desenvolvimento tumoral de diferentes
formas. Elas podem apresentar atividade citotoxica para as células tumorais, mas também
induzir neovascularizagdo alterando desta forma a velocidade de crescimento tumoral e a
formagdo de metéstase. Diante da importancia das células inflamatdrias associadas ao
desenvolvimento neoplasico, muitas propostas terapéuticas imunomodulatorias sdo sugeridas
a fim de controlar o crescimento tumoral a partir da modulacdo e ativacdo das células do
sistema imune. Nesse contexto encontra-se a talidomida, uma droga ja utilizada na oncologia
devido ao seu alto potencial antiangiogénico, onde novos trabalhos tém demonstrado sua
efetiva acdo sobre células do sistema imune e o controle neoplésico. Nossos resultados
demonstram um importante papel da talidomida imunomodulando o infiltrado de macrofagos
tumorais na presenca do carcinoma mamario murino 4T1. Contudo € necessario demonstrar a
acdo desse farmaco sobre a polarizacdo dos MATS. Assim, diante dos resultados encontrados
nesse trabalho, o estudo do comportamento de mondcitos circulantes e TAMs no tumor
primario e metastases pulmonares em modelos experimentais submetidos ao tratamento com
talidomida podem fornecer informacGes relevantes dessa droga como proposta terapéutica

complementar no tratamento do cancer de mama.
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11. ANEXOS
ANEXO A. Certificado do Comité de Etica em Experimentacio Animal — CETEA
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