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RESUMO

BDNF/TrkB s&o descritos em diversas neoplasias onde iniciam sinais
mitogénicos, facilitam o crescimento tumoral, previnem apoptose e regulam
angiogénese e metastase. Outros fatores de crescimento também sé&o
importantes para tumorigénese, como GRP/GRPR e EGF/EGFR.

O objetivo geral deste trabalho foi investigar o papel de BDNF/TrkB em cancer
colorretal avaliando possiveis interagbes com GRPR e EGFR. Verificamos que
BDNF e seu receptor, TrkB, estdo presentes em amostras de pacientes com
cancer colorretal esporadico, e os niveis de BDNF encontram-se mais elevados
no tecido neoplasico que no tecido adjacente ao tumor. O tratamento com RC-
3095, um antagonista de GRPR, na linhagem celular de cancer colorretal
humana, HT-29, causa diminui¢do nos niveis de NGF secretados pelas células e
aumento de BDNF em relagcdo ao controle ndo tratado. RC-3095 inibe a
proliferagdo e viabilidade celular das linhagens HT-29 (EGFR positiva) e SW-620
(EGFR negativa), embora apenas em HT-29 ocorra um aumento significativo na
expressao de mRNA de BDNF. Por isso, um anticorpo monoclonal anti-EGFR,
cetuximabe, foi combinado a RC-3095, nas células HT-29, sendo capaz de
prevenir tal aumento, sugerindo que este efeito seja mediado por EGFR. Os
tratamentos com um inibidor de Trks, K252a (1000 nM) ou com cetuximabe (10
nM) também inibem a proliferagao celular. Entretanto, a combinacdo de BDNF a
cetuximabe previne este efeito, enquanto que a combinagdo de doses néo
efetivas de K252a (10 nM) a cetuximabe (1 nM) inibe a proliferagao celular de HT-
29. Além disso, cetuximabe também causa aumento na expressdo de mRNA de
TrkB e BDNF, apés 600 minutos de tratamento. Nossos resultados sugerem que a
inibicdo da proliferagédo celular in vitro ou do crescimento tumoral in vivo devem
acontecer através do bloqueio combinado entre GRPR e TrkB em células de
cancer colorretal EGFR positivas, e que BDNF também esteja envolvido em
mecanismos de resisténcia a farmacos. Por isso, o bloqueio de BDNF / TrkB pode

emergir como potencial alvo antitumoral.

Palavras-chave Cancer Colorretal « Células HT-29 « Fator Neurotrofico Derivado do
Cérebro (BDNF) « Receptor do Fator de Crescimento Epidérmico (EGFR) « Receptor do
Peptideo Liberador de Gastrina (GRPR) « RC-3095 « TrkB
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ABSTRACT
BDNF / TrkB are described in various cancers where they participate in tumor
growth, apoptosis, angiogenesis and metastasis. Furthermore, other growth
factors are also important to tumorigenesis as GRP/GRPR and EGF/EGFR.
Therefore, the aim of this study was to investigate the role of BDNF/TrkB in
colorectal cancer evaluating the interactions with GRPR and EGFR. We found that
BDNF and its receptor, TrkB, are present in samples from patients diagnosed with
sporadic colorectal cancer, and BDNF levels were higher in tumor tissue
compared to adjacent tumor tissue. Treatment with RC-3095, GRPR antagonist, in
human colorectal cancer cell line, HT-29 caused a decrease in NGF levels
secreted by cells, and generated increase of BDNF when compared to untreated
control. RC-3095 inhibited the proliferation and cell viability in HT-29 (EGFR
positive) and SW-620 (EGFR negative), but only HT-29 cells showed a significant
increase in BDNF mRNA expression. Therefore, a monoclonal anti-EGFR
antibody, cetuximab was combined with RC-3095 in HT-29 cells, and was able to
prevent such an increase, suggesting that this effect is mediated by EGFR. The
treatment with a Trk inhibitor, K252a (1000 nM) or cetuximab (10 nM), inhibited
cell proliferation. However, the combination of BDNF with cetuximab prevented
this effect, whereas the combination of ineffective doses of K252a (10 nM) with
cetuximab (1 nM) still inhibited cell proliferation of HT-29. Furthermore, cetuximab
also caused an increase in BDNF and TrkB mRNA expression, 600 minutes after
treatment. In summary, our results suggest that inhibition of cell proliferation in
vitro or tumor growth in vivo must occur between the combination of GRPR and
TrkB in EGFR positive colorectal cancer cells, and that BDNF is also involved in
drug resistance mechanisms. Therefore, blockage of BDNF / TrkB may emerge as

potential antitumor target.

Key words: Brain-derived neurotrophic factor ¢ Colorectal cancer ¢ Epidermal growth

factor receptor » Gastrin-releasing peptide receptor « HT-29 cells « RC-3095 « TrkB
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1 INTRODUGAO

1.1 Fator Neurotréfico Derivado do Cérebro

As neurotrofinas formam uma familia de fatores de crescimento
estruturalmente relacionados que possuem um papel crucial na sobrevivéncia,
diferenciacéo, proliferagdo e manutengéo das populagdes neuronais (KRUTTGEN
et al.,, 2006). Sao fatores tréficos altamente conservados, essenciais a vida
(BIBEL & BARDE, 2000).

O primeiro membro desta familia foi um peptideo chamado Fator de
Crescimento Neural (NGF, da sigla em inglés para Neural Growth Factor),
identificado no ano de 1940 pela biologa italiana Rita Levi-Montalcini. Ela
observou que a injecdo de anticorpos contra NGF em camundongos recém-
nascidos resultava em total degeneragao dos ganglios simpaticos (BEAR et al,,
2002). Embora quase a metade dos neurbnios simpaticos normalmente sofra
apoptose, a aplicagdo de NGF exdgeno impede que a maioria das células morra,
enquanto que a neutralizacdo de NGF mediante anticorpos produz morte
generalizada dos neurénios simpaticos (RAFF et al., 1993). O NGF produzido e
liberado pelo tecido—alvo € absorvido pelos axbnios simpaticos e transportado
retrogradamente, onde age promovendo a sobrevivéncia neuronal. Na realidade,
se o transporte axoplasmatico é interrompido, os neurbnios morrem apesar da
liberacdo de NGF pelo tecido-alvo. Este trabalho pioneiro rendeu a Levi-Montalcini
e Cohen o prémio Nobel de 1986 (BEAR et al., 2002).

Além de NGF, outros membros da familia de neurotrofinas foram
posteriormente identificados em mamiferos incluindo o Fator Neurotréfico

Derivado do Cérebro (BDNF da sigla em inglés de Brain Derived Neurotrophic
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Factor) que foi identificado e isolado a partir de cérebros de porcos por lvens
Barde e colegas em 1980, e ainda, Neurotrofina-3 (NT-3) e Neurotrofina 4/5 (NT-
4/5) (KRUTTGEN et al., 2006).

Os efeitos das neurotrofinas sdo mediados por duas classes de receptores
de membrana celular: os que pertencem a uma familia de receptores de quinase
relacionados a tropomiosina (do inglés, Tropomyosin Related Kinase; Trk), dentre

eles TrkA, TrkB e TrkC e o receptor comum as neurotrofinas, p75N'~

,» que
pertence a familia dos receptores do fator de necrose tumoral (BOTHWELL, 1991;
CHAO, 1992; GLASS, 1993).

Enquanto p75"'" se liga as neutrofinas com baixa afinidade e
especificidade, os receptores Trks se ligam as neutrofinas com alta afinidade e
especificidade (KRUTGEN et al., 2006). TrkA se liga a NGF, TrkB se liga a BDNF
e NT-4/5, e TrkC se liga a NT-3 (SEGAL & GREENBERG, 1996; COM et al.,

2007; ODEGAARD et al., 2007), como demonstrado na Figura 1.

Receptor de Receptor de
Baixa Alta

Afinidade Afinidade

Figura 1. A familia de neurotrofinas consiste de Fator de Crescimento Neural (NGF), Fator
Neurotréfico Derivado do Cérebro (BDNF), Neurotrofina 3 (NT3), e Neurotrofina 4/5 (NT-4/5). NGF
se liga especificamente ao receptor TrkA, BDNF e NT4 se ligam especificamente a TrkB e NT-3
ativa TrkC, sendo que todas as neurotrofinas ligam-se a p75 com baixa afinidade (Adaptado de
BOHLEN & HALBACH, 2010).
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Receptores Trks foram identificados pela primeira vez por Dionisio Martin-
Zanca e colegas (1986) como oncogenes presentes em um carcinoma de colo
humano, capazes de mediar transformagdes de fibroblastos (MARTIN-ZANCA et
al., 1986). A partir de entdo, muitos grupos pesquisam o papel dos Trks em
cancer. Entretanto, ao longo dos anos, neurotrofinas e Trks tem sido melhores
caracterizados principalmente como moléculas envolvidas no desenvolvimento do
Sistema Nervoso Central (SNC), na sobrevivéncia neuronal e na plasticidade
sinaptica, enquanto o seu papel em cancer manteve-se relativamente menos
explorado.

Neurotrofinas s&o fatores de crescimento multifuncionais e exercem
numerosos efeitos também em células nao-neuronais como, por exemplo, na
diferenciacdo de linfocitos B (OTTEN et al., 1989), liberagdo de histamina
(NASSENSTEIN et al., 2005), formag&o de vasos sanguineos (WAGNER et al,,
2005), desenvolvimento de foliculo piloso (STUCKY et al., 1998), inibicdo e
diferenciacdo de musculo esquelético (MOUSAVI & JASMIN, 2006), migragao de
células de Schwann (ANTON et al., 1994) e crescimento de foliculos nos ovarios
(PAREDES et al., 2004).

A ligagdo de neurotrofinas a Trks forma um homodimero e resulta na
fosforilagdo de varios residuos de tirosina, fendmeno necessario para sua
sinalizacao intracelular (GUITON et al., 1994; HUANG E REICHARDT, 2001;

LESSMAN et al., 2003). Em células neuronais, o receptor p75"NR

regula a
transcricdo de genes envolvidos com sobrevivéncia ou apoptose, bem como a
ativacdo de Rho, que controla a motilidade celular. Nestas mesmas células, os

receptores Trks ativam a sinalizagcao de Ras e MAPK promovendo diferenciacao e
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crescimento celular e a ativagdo de PI3K que promove sobrevivéncia das células.
Ja a sinalizagao por PLC resulta em aumento de calcio intracelular que por sua
vez ativa PKC promovendo proliferagao celular (REICHARDT, 2006; Ver figuras 2
e 3).

Alguns estudos demonstraram que neurotrofinas s&o importantes na
progressao de cancer, pois iniciam sinais mitogénicos que facilitam o crescimento
tumoral (SINGER et al., 1999), prevenindo apoptose (ASTOLFI et al., 2001),
regulando angiogénese (EGGERT et al., 2000) e auxiliando na propagacdo das
células levando a metastase (MENTER et al., 1994).

As neurotrofinas podem aumentar ou suprimir o crescimento tumoral
dependendo do tipo de tumor a que se relacionam (KRUTTGEN et al., 2006). Esta
relagdo com o seguimento do tumor pode estar vinculada a ativagdo de cascatas
de sinalizagdo celular desencadeada pelos receptores Trks, dentre as quais
MAPK / ERK e PI3K (figura 2) que estdo grandemente envolvidas em processos
oncogénicos (ATWAL et al., 2000; BAMABE-HEIDER & MILLER, 2003;
ABUJAMRA et al., 2006). Portanto, tanto um aumento nos niveis de neurotrofinas
ou Trk como uma sinalizagao desregulada via Trk pode levar a tumorigénese.

O papel de neurotrofinas em tumores comecou a ser estudado,
principalmente, em neoplasias neurais como em astrocitomas, glioblastomas
(WADHWA et al., 2003), paragangliomas (PELLO et al., 1999), neuroblastomas
(DESMET & PEEPER, 2006) e meduloblastomas (NAKAGAWARA, 2001).

De fato, tumores do sistema nervoso expressam niveis elevados de
neurotrofinas e/ou seus receptores, niveis estes que estimulam a proliferacdo e

migragao celular, contribuindo com metastases e com mecanismos de resisténcia
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a quimioterapia (FENG et al., 2001; MIDDLEMAS et al., 1999; WADHWA et al.,

2003; WASHIYAMA et al., 1996).

(
N

Adeséao e
Migracao Celular

Sobrevivéncia
.. Celular

Plasticidade Sinaptica e
Neurogénese

Expressao

Génica

Figura 2. Via de sinalizagdo de BDNF (Adaptado de QIAGEN, 2012).

Em neuroblastomas, niveis elevados de TrkA e TrkC estdo associados com

melhor prognéstico, enquanto que BDNF e TrkB s&do expressos em tumores mais
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agressivos (NAKAGAWARA, 2001; DESMET & PEEPER, 2006). Além disso, o
aumento da sinalizagdo BDNF / TrkB em células de neuroblastoma mantém a
expressao autdcrina e paracrina para promog¢ao do crescimento e invasao tumoral
e metastase, e a ativagao de TrkB por BDNF promove resisténcia a quimioterapia
em células de neuroblastoma através de um mecanismo mediado por PI3K e Akt
(KRUTTGEN et al., 2006; THIELE et al., 2009).

Um estudo recente mostrou que, em células de neuroblastoma com
expressao elevada de TrkB, o tratamento com BDNF protegeu a morte celular
induzida in vitro pelo tratamento com etoposide, e neuroblastomas com expressao
elevada de TrkB foram menos sensiveis a este tratamento in vivo do que os
tumores com baixa expresséo de TrkB (LI et al., 2011).

Em meduloblastoma, um tumor de origem neural bastante comum na
infancia, a expressdo de TrkC correlaciona-se com uma melhor resposta a
terapia, enquanto TrkB provavelmente promove a sobrevivéncia das células
(NAKAGAWARA, 2001). No entanto, recentemente foi demonstrado que, pelo
menos em algumas linhagens celulares de meduloblastoma humanas, BDNF
humano recombinante diminui a viabilidade das células, sugerindo que a
estimulacéo da sinalizagao de BDNF / TrkB possa também inibir o crescimento de
meduloblastoma (SCHMIDT et al., 2010).

Recentes evidéncias do papel de neurotrofinas tém sido elucidadas
também em tumores ndo neurogénicos, tais como melanoma (MARCHETTI et al.,
1993), cancer de ovario (DAVIDSON et al., 2003), pancreas (MIKNYOCZKI et al.,
1999), préstata (DIONNE et al., 1998; GUATE et al., 1999), pulmao (RICCI et al.,

2001), tumor de tiredide (McGREGOR et al., 1999), tumor de Wilms (EGGERT et
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al., 2000), tumor de bexiga (KHWAJA & DJAKIEW, 2003), cancer de mama (COM
et al., 2007), tumores hepaticos (YANG et al.,, 2005) e céancer colorretal
(BARDELLI et al; 2003). Nestas neoplasias observa-se uma superexpressédo de
Trks (HANAHAN et al., 2000), e a ativagdo destes receptores parece agir em
sinergismo com outras vias de sinalizagdo (QIU et al., 2006), levando ao
crescimento tumoral, metastases e resisténcia a terapia (THIELE et al., 2009;
DESMET & PEEPER, 2006).

Por exemplo, em adenocarcinomas de pulmao a expressdao de TrkB em
células A549 e o tratamento com BDNF estimula a via Akt, enquanto que um
inibidor de Trks, K252a, inibe o crescimento celular e induz apoptose (PEREZ-
PINERA et al, 2007). Além disso, niveis séricos de BDNF correlacionam-se
positivamente com a agressividade tumoral (YANG et al., 2006).

BDNF e TrkB sao superexpressos em amostras humanas de cancer de
bexiga (LAl et al, 2010) e a ativagdo de BDNF aumenta a proliferagcdo e
sobrevivéncia celular (HUANG et al., 2010), enquanto que um anticorpo anti-TrkB
induz citotoxicidade e suprime migracdo e invasdo em células de carcinoma
(HUANG et al., 2010a).

Estudos recentes sugerem ainda um papel da sinalizagdo BDNF / TrkB em
cancer de mama, onde a expressdo de BDNF e TrkB foi detectada em linhagens
celulares e em espécimes de tumor. O BDNF induziu resisténcia a apoptose,
enquanto que injecbes de um anticorpo anti-BDNF reduziu o crescimento de

tumores de mama em modelo animal (VANHECKE et al., 2011).
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Figura 3. Sinalizagdo de neurotrofinas (Adaptado de REICHARDT, 2006).

Além disso, amostras com cancer de mama expressaram mais BDNF que
o tecido normal, e altos niveis de transcritos de BDNF foram associados com
parametros patolégicos desfavoraveis, incluindo pior prognéstico e morte
(PATANI et al., 2011). E, além disso, a superexpressdao de NGF / TrkA em cancer
de mama atua como um fator de crescimento e sobrevivéncia celular (COM et al.,
2007; DESCAMPS et al., 1998; KRUTTGEN et al., 2006).

A expressao de mRNA de BDNF e TrkB também foi maior em linhagens de
cancer cervical e carcinoma de células escamosas do colo uterino que em tecidos

normais e foi relacionada aos paradmetros clinico-patolégicos (MOON et al., 2011).
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A expressdo do receptor p75"'" diminuiu o crescimento e metastase de
células de cancer de prostata in vitro (KRYGIER & DJAKIEW, 2002), e a
expressédo desses receptores reduziu NGF e induziu apoptose (PFLUG et al.,

1998). Além disso, em cancer de prostata a expressdo de p75"R

€ perdida
durante a progressao do tumor, indicando que esse receptor possa agir como um
supressor tumoral, enquanto que receptores Trks parecem estar envolvidos na
progressao desta neoplasia (ODEGAARD et al., 2007).

A expressdo de p75NR em carcinomas de ovario de estagio | é limitado,
sugerindo que esse receptor tenha um papel menor na tumorigénese de ovario e
gque sua presenga nao seja necessaria para ativagdo de TrkA (ODEGAARD et al.
2007).

Todavia, tumores solidos ndo sdo 0s unicos que expressam neurotrofinas e
seus receptores. Células de mieloma multiplo expressam TrkB e BDNF de forma
aberrante, e BDNF estimula significativamente a migragdo destas células (HU et
al., 2006). Em leucemia alteragdes na sinalizacdo de Trks parece ser um bom
indicador de sensibilidade tumoral (RHEIN, et al., 2010).

Por tudo isso, o bloqueio da sinalizagdo mediada por neurotrofinas pode
constituir uma ferramenta terapéutica para o tratamento de tumores que
dependem de neurotrofinas para a sobrevivéncia ou progressédo (PEREZ-PINERA
et al., 2007).

Em carcinoma colorretal humano foram descritas duas mutacdes pontuais
nao-sinbnimas para o dominio quinase do gene TrkB (TRKB™%' ¢ TRKBP"*'N)

(BARDELLI et al, 2003), que demonstraram ter menor atividade apds a

estimulacédo por BDNF em relacdo ao tipo selvagem, tanto em células epiteliais de



20

ratos quanto em duas linhagens de céncer colorretal humanas (GEIGER et al,,
2011). Entretanto, o papel de TrkB nesses tumores ainda é pouco conhecido.
Além disso, até o presente momento, as neurotrofinas e suas vias de
sinalizacdo envolvidas no mecanismo de proliferacdo tumoral nao foram
correlacionadas a fatores de crescimento tais como GRP / GRPR e EGF / EGFR
em cancer colorretal. A identificagdo da superexpressdo de neurotrofinas e/ou
seus receptores nestes carcinomas pode levar a identificagdo de novos alvos

terapéuticos, bem como a um fator progndstico associado a essas malignidades.

1.2 Cancer Colorretal

Carcinoma colorretal (CCR) é assim denominado porque se deriva das
células epiteliais que recobrem o colo e o reto (ALBERTS et al., 1997; ANG et al.,
2011 — ver figura 4). E o terceiro tumor maligno mais freqiiente no mundo
combinando ambos os sexos, e 0 segundo mais comum em paises desenvolvidos
(INCA, 2012). Além disso, € a principal causa de morte relacionada a canceres no
mundo quando neoplasias relacionadas ao fumo sao excluidas (FRATTINI et al.,
2004; SCHALLY et al., 2004).

Os tumores colorretais iniciam-se a partir de pdlipos (SCHULTZ, 2005). Um
polipo € uma massa tumoral que se projeta para a luz do intestino e geralmente
refere-se a lesdes oriundas do epitélio da mucosa (COTRAN et al., 2000). Essa
massa protuberante do tecido revela um tumor benigno pequeno também

chamado de pdlipo adenomatoso ou adenoma (ALBERTS et al., 1997).
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Figura 4. Anatomia do intestino grosso (Adaptado de ANG et al., 2011).

Todas as lesbes adenomatosas originam-se de displasia proliferativa
epitelial, variando de leve a tdo intensa constituindo um carcinoma in situ, e,
muitos indicios mostram que estas lesdes sao precursoras dos adenocarcinomas
colorretais invasivos (COTRAN et al., 2000). Durante o estagio pré-neoplasico ha
mudancas hiperplasicas ou displasicas. Com o passar do tempo, ha a formacéao
de um adenoma que pode levar ao aparecimento de um carcinoma com
metastases (SCHULTZ, 2005), como exemplificado na figura 5. Por isso, a
remocgao dos polipos esta associada a redugao da incidéncia de cancer colorretal
(DAVIES et al., 2005; RAMSOEKH et al., 2007).

Em pdlipos maiores de 1 cm de didmetro aumenta o risco de
desenvolvimento de céancer, pois as células anormais indiferenciadas tendem a
formar estruturas organizadas (ROSA et al., 2012).

A incidéncia deste tumor é entre 60 e 79 anos de idade, e menos de 20%

dos casos ocorrem antes dos 50 anos (COTRAN et al., 2000) sendo que
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geralmente nesta populagdo ha historia familiar prévia. Nestes casos, a
susceptibilidade esta relacionada a uma combinagcdo de fatores genéticos e
ambientais, embora em uma pequena fragdo dos casos, os fatores genéticos

tenham um papel dominante (LYNCH & CHAPELLE, 2003).

Epitélio Displasia Adenoma Adenoma Adenoma

Normal [ # | Precoce [ | Intermediario [» Tardio [ Carcinoma |y | Metastase

Figura 5. Estagios de desenvolvimento de cancer colorretal. As histologias mostram a mucosa
normal (esquerda), um pdlipo adenomatoso com displasia moderada (centro), e um
adenocarcinoma invasivo com glandulas tumorais na submucosa (direita) (Adaptado de

SCHULTZ, 2005).

1.2.1 Sindromes Hereditarias
As sindromes hereditarias aumentam o risco para o desenvolvimento de
cancer colorretal, dentre elas a Sindrome de Polipose Familiar (PAF), Sindrome

de Peutz-Jeghers (SPJ), Pdlipos Juvenis, Doengca de Cowden e Carcinoma



23

Colbnico Nao Polipose Hereditaria (CCNPH) ou também conhecida como
Sindrome de Lynch (SL), como mostrado na tabela 1 (SCHULTZ, 2005; COTRAN
et al., 2000).

A Sindrome de Lynch €& a mais prevalente em tumores -colorretais,
acometendo de 3% a 7% de todos os casos (ALTONEN et al., 1998; HAMPEL et
al., 2008). Essa sindrome é caracterizada pelo desenvolvimento de céancer
colorretal, cancer de endométrio, e, menos frequentemente, cancer do intestino
delgado, estbmago, trato urinario, ovarios e cérebro, principalmente em idade
precoce (VASEN, 2005).

A Sindrome de Lynch €& uma doenga autossémica dominante, de
transmissao vertical e sem preferéncia por sexo, com penetrancia ao redor de
80% (MENKO, 1998). Esta sindrome é causada por instabilidade de
microssatélites (MSI, do inglés Microsatellite Instability) (VASEN, 2005) e por
mutagdes germinativas em genes de reparo de DNA (DNA-mismatch repair,
MMR), como por exemplo MSH2, MLH1, MSH6, PMS2 e PMS1 (VASEN et al.,
2001; QUEHENBERGER et al., 2005; de JONG et al., 2006).

Estudos demonstram que a evolucdo de adenoma para adenocarcinoma
em Sindrome de Lynch ocorre mais rapidamente em relacdo as lesdes
esporadicas, sendo que nas esporadicas a incidéncia de MSI| acontece em menos
de 20% dos casos (KUNKEL, 1993; JARVINEN et al., 1995; MENKO, 1998).

A analise de mutagcdes de DNA é realizada por técnicas que ainda
possuem alto custo em diversos paises, tais como sequenciamento de
nucleotideos. Por isso, utiliza-se uma ferramenta de rastreamento primario, que

analisa os critérios clinicos e patoldgicos dos pacientes, tais como a presencga de
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neoplasias malignas associadas a Sindrome de Lynch, numero de neoplasias e
idade ao diagndstico, antecedentes familiares, bem como caracteristicas tumorais
histolégicas, como presenca de anel de sinete ou tumor mucinoso (RAMSOEKH

et al., 2007; VAN LIER et al., 2010). Estes critérios sdo denominados Amsterdam

e Bethesda.

, intom
Sindrome S Eo_ as Outros Tumores Genes Afetados
Colonicos
Polipos Polipos duodenais e
Polipose adenomatosos esto?nacais cancer e (adelrél\ci'lcatous
Familiar multipl ! L ) . ;
amiiia u t plos, hiperplasia da retina polyposis coli)
carcinoma
. Pdlipos duodenais e
Polipos 4
estomacais, cancer e APC
adenomatosos ) . )
Gardner multiolos hiperplasia da retina, (adenomatous
HpIos, tumor desmoide e polyposis coli)
carcinoma
osteoma
Polipose Alguns palipos, APC
Familiar aumento do risco (adenomatous
Atenuada de carcinomas polyposis coli)
Carcinoma . . .
P ~ Carcinoma, Cancer de endométrio,
Colonico Nao- eralmente ovario, estbmago, figado MSHe,
Polipose gel » estomago, 11gado, -y 4 pis2,
cer multifocal, com trato urinario superior,
Hereditaria outros (2p21)

(CCNPH) ou SL

alguns pdélipos

cérebro

Slie|entiss Hamartomas em muitos
Doenca de hamartomas, .~ A PTEN

) orgaos, cancer de mama,

Cowden aumento do risco L (10g23.31)
: tiredide e outros
de carcinoma

Hamartomas ou Hamartomas, pélipos e
. . L : SMADA4
Polipose Juvenil podlipos, aumento do aumento do risco de (18021.2)

cancer de estbmago
Pdlipos hamartomatosos

risco de carcinoma

Slalreme ek Follzes e carcinoma em todas as LKB.1 (STK1. 7)
Peutz-Jeghers hamartomatosos, rtes do trat (serine/threonine
(SPJ) carcinoma partes do trato kinase — 19p13.3)

gastrointestinal

Tabela 1. Sindromes hereditarias relacionadas a pré-disposicdo de cancer colorretal (SCHULTZ,

2005). Para obter maiores detalhes destas sindromes, acessar OMIM

(http://www.ncbi.nlm.nih.gov/omim).
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Os critérios Amsterdam foram propostos em 1991 para uniformizar a
caracterizagao clinica de estudos multicéntricos de Sindrome de Lynch (ver tabela
2), onde as familias devem, sempre, cumprir todos os itens (VAN LIER et al,,
2010).

Entretanto, os critérios Amsterdam poderiam estar excluindo pacientes com
tumores extracolbnicos, ou pacientes com indicio de CCR hereditario,
principalmente em idade jovem. Por isso, em junho de 1999 foram publicados os
critérios Amsterdam |Il, que incluiram tumores extracolonicos de pelve renal e
ureter, intestino delgado e endométrio, como descritos na tabela 3 (VAN LIER et
al., 2010).

Ja os critérios Bethesda foram formulados em 1996 e atualizados em 2004
(RODRIGUEZ-BIGAS et al., 1997; UMAR et al., 2004). Esses critérios visam
identificar os tumores que devem ser testados para MSI, e analise subsequente
de mutagcées em MMR (ver tabela 4). Estes critérios s&o usados quando n&o ha

histéria familiar tipica, mas ha suspeita de hereditariedade.

Critérios Amsterdam |

1. Deve haver pelo menos trés parentes com CCR;

2. Um deles deve ser parente em primeiro grau dos outros dois;

3. Pelo menos duas geragdes sucessivas devem ser afetadas;

4. Pelo menos um parente deve ser diagnosticado antes da idade de 50 anos;

5. A polipose adenomatosa familiar (PAF) deve ser excluida;

6. Tumores devem ser verificados através do exame patoldgico.

Tabela 2. Critério Amsterdam |. Adaptado de VAN LIER et al., 2010.
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Critérios Amsterdam Il

1. Deve haver pelo menos trés parentes com cancer associado a Sindrome de Lynch*;

2. Um deve ser um parente em primeiro grau dos outros dois;

3. Pelo menos duas geragdes sucessivas devem ser afetadas;

4. Pelo menos um deve ser diagnosticado antes da idade de 50 anos;

5. A polipose adenomatosa familiar (PAF) deve ser excluida;

6. Tumores devem ser verificados através do exame patoldgico.

* CCR, cancer de endométrio, intestino delgado, ureter ou pelve renal.

Tabela 3. Critério Amsterdam Il. Adaptado de VAN LIER et al., 2010.

Estudos recentes demonstram que a deteccdo de portadores de CCNPH
utilizando os critérios Amsterdam foi de aproximadamente 40%, enquanto que a
sensibilidade dos critérios Bethesda foi de aproximadamente 90% (SALOVAARA

et al., 2000; CUNNINGHAM et al., 2001; HAMPEL et al., 2005).

Critérios Bethesda

1. Individuos com cancer em familias que atendem aos critérios Amsterdam;

2. Individuos com 2 canceres relacionados a SL (sincrénico, metacrénico ou extracoldnicos);

3. Individuos com CCR e um parente de 1° grau com CCR e/ou cancer relacionado a SL
extracoldnico e/ou adenoma colorretal; em idade inferior a 45 anos, e/ou adenoma em idade

inferior a 40 anos;

4. Individuos com CCR ou endometrial diagnosticado em idade inferior a 45 anos.

5. Individuos com CCR no lado direito com padrao indiferenciado ao exame histopatolégico

em idade inferior a 45 anos*.

6. Individuos com CCR com células em anéis de sinete = 50% e idade inferior aos 45 anos.

7. Individuos com adenomas em idade inferior a 40 anos.

* Cancer de ovario, endométrio, gastrico, hepato-biliar, intestino delgado ou carcinoma de células
transicionais da pelve renal ou ureter. T Sélido / cribriforme definido como pouco diferenciado ou
indiferenciado, carcinoma irregulares, com células eosinofilicas contendo pequenos espacos tipo
glandulas.

Tabela 4. Critério Bethesda. Adaptado de VAN LIER et al., 2010.
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Outros fatores de risco relacionados a cancer colorretal sdo importantes
para o desenvolvimento de neoplasias esporadicas, e baseiam-se nos habitos
alimentares e inatividade fisica. Neste sentido, ressalta-se a obesidade, aumento
dos niveis de insulina, o baixo consumo de fibras vegetais e ingestdo de carne
vermelha (COTRAN et al., 2000; SCHALLY et al., 2004).

No primeiro estagio da doenga é possivel atingir a cura completa por
destruicdo ou remogao cirurgica, e por isso pode-se considerar que este tipo de
tumor possui um bom prognostico (SCHULTZ et al., 2005). Porém com o
diagndstico tardio e sem o tratamento adequado, o foco anormal pode
desenvolver-se dando origem a um carcinoma maligno, cujas células rompem o
epitélio atravessando a lamina basal, expandindo através da camada muscular
que cerca o intestino, e finalmente formando metastases para os linfonodos,
figado, pulméo e outros tecidos (ALBERTS et al., 1997). Por isso o rastreamento

deste tumor é de suma importancia.

1.2.2 Rastreamento, Acompanhamento e Avaliacido de Resposta

Os testes mais utilizados para o rastreamento de cancer colorretal sao
sangue oculto nas fezes e colonoscopia endoscopica (DAVIES et al., 2005).

O sangue oculto nas fezes é um teste barato e ndo invasivo, entretanto
serve apenas como uma ferramenta inicial de triagem, embora alguns estudos
demonstrem que ha diminuicdo da mortalidade em 25% dos casos quando ha
rastreamento bienal (HEWITSON et al., 2007).

Ja a colonoscopia endoscépica tem sensibilidade relatada de 97% e

especificidade de 98% (DAVIES et al., 2005), sendo o padréao ouro para detecgéo
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precoce de cancer colorretal (ZOLG & LANGEN, 2004). No entanto, é uma
técnica mais cara, invasiva, que exige pessoal altamente treinado e requer
preparo intestinal desconfortavel (DAVIES et al., 2005; HUNDT et al, 2007; ANG
et al., 2010).

Outros exames usuais para rastreamento, acompanhamento e avaliagao
de resposta ao tratamento sdo sigmoidoscopia flexivel, colonoscopia virtual,
tomografia computadorizada, e alguns marcadores moleculares, principalmente
mutagdes dos codons 12 e 13 do gene KRAS, mutagcdo V600OE de BRAF e
diversas mutagées em p53 (RAMSOEKH et al, 2007). Além disso, para
identificacdo de MSI sao utilizadas técnicas de imunohistoquimica para hMSH2 e
hMLH1, PCR e sequenciamento de DNA (SCHALLY et al., 2004, ANG et al,

2011).

1.2.3 Estadiamento

O sistema de estadiamento TNM € o mais habitual em cancer colorretal, e
baseia-se na extensdo do tumor (T), na extensdo da disseminagdo para os
nodulos linfaticos (N) e na presenca de metastase (M), e ainda, um numero é
adicionado a cada letra para indicar o tamanho ou a extensdo do tumor e da

disseminagao (tabela 5; NCCN Guidelines, 2012).

1.2.4 Tratamento: quimioterapicos e anticorpos monoclonais
O tratamento normalmente consiste de uma combinagcdo de cirurgia,
quimioterapia e / ou radioterapia. O cancer colorretal localizado e sem metastase

geralmente pode ser curado com cirurgia, embora, na maioria dos casos a
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detecgdo ocorra em um estagio tardio, e por isso, quimioterapia sozinha ou
combinada a radioterapia pode ser aplicada para atingir células tumorais
remanescentes (SCHALLY et al., 2004; TAKHAR et al., 2004, SCHULTZ et al.,

2005).

Tumor Primario (T)

TX O tumor primario ndo pode ser avaliado

TO Nenhuma evidéncia de tumor primario

Tis Carcinoma in situ (cancer inicial que nao se espalhou para outros

tecidos)

T1, T2, T3, T4 O tamanho ou extensao do tumor primario

Linfonodos Regionais (N)

NX Ganglios linfaticos regionais ndo podem ser avaliados

NO Auséncia de ganglios linfaticos regionais

N1 N2. N3 Envolvimento de ganglios linfaticos regionais (quantidade e/ou
T extensao)

Metastase a Distancia (M)

MX Metastase a distancia ndo pode ser avaliada

MO Auséncia de metastase a distancia (cancer ndo se disseminou)

M1 Metastase a distancia (cancer esta em outra regido do corpo)

Tabela 5. Sistema TMN — Adaptado de NCCN Guidelines (2012).

A quimioterapia convencional para o tratamento de cancer colorretal
consiste de farmacos tais como Fluoracil (5-FU, usado a mais de 50 anos)
(LABIANCA et al., 1997), Capecitabina, Irinotecano, Oxaliplatina, além de
anticorpos monoclonais, como bevacizumabe, cetuximabe e panitumumabe
(BOYIADZIS et al., 2007; NCCN Guidelines 2012), utilizados sozinhos ou em
esquemas de combinacao especificos.

A escolha da terapia baseia-se nos objetivos da terapéutica, o tipo e tempo
de tratamento prévio, e diferentes perfis de toxicidade dos farmacos constituintes

(NCCN Guidelines, 2012).
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O 5-FU (5-deoxifluorouridina) € uma droga antineoplasica amplamente
utilizada no tratamento do cancer colorretal. Seu principal mecanismo de agéo é a
inibicdo da timidilato sintase (TS). Esta enzima é essencial para a sintese de DNA
e, por conseguinte, também limitante para o crescimento celular (IQBAL & LENZ,
2001; JOHNSON & DIASIO, 2001).

A Capecitabina (N4-pentiloxicarbonilo-5-desoxi-5-fluorocytidine) é um pro-
farmaco oral de 5-FU que é absorvido através da mucosa gastrointestinal como
uma molécula intacta. Sequencialmente é ativado por uma cascata enzimatica
(carboxilesterase citidina desaminase e fosforilase de nuclesideo de pirimidina,
resultando na formacdo de 5-desoxi-5-fluorocitidine; 5-DFCR, 5-desoxi-5-
fluorouridina; 5-DFUR) permitindo a liberagdo intratumoral final de 5-FU (HOFF et
al., 2001).

Ja o Irinotecano é um derivado de camptotecina que inibe topoisomerase |
e tem propriedades radiossenssiveis (WADLOW & RYAN, 2010). Muitos ensaios
clinicos randomizados tém demonstrado a sua atividade em céncer colorretal
metastatico como um agente unico ou em combinagdo com 5-FU e leucovorina
(DOUILLARD et al., 2000; SALTZ et al., 2000).

A Oxaliplatina € uma platina de 3° geragao caracterizada por possuir um
ligante carreador de diaminociclohexano (DACH) (BLEIBERG & DE GRAMONT,
1998), gerando a formagcdo de adutos de DNA que sdo letais as células
(WEICKHARDT, et al., 2011). Porém, estes danos podem ser removidos por vias
de reparo de DNA, tais como excisdao de nucleotideos, excisdo de bases ou
através de genes de reparo de DNA (KWEEKEL et al., 2009). A alta taxa de

resposta (28-65%) em combinagdo com 5-FU e leucovorina tem sido relatada em
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pacientes com cancer colorretal avangado tratados em primeira e segunda linha,
indicando algum efeito sinérgico com fluoropirimidinas (RAYMOND et al., 1998).

Além disso, mecanismos de angiogénese também sao necessarios para o
crescimento e progressao tumoral, e o fator de crescimento endotelial vascular
(VEGF) é um regulador crucial deste processo. Portanto, um anticorpo anti-VEGF,
Bevacizumabe, foi desenvolvido e ja estd sendo usado na clinica médica,
demonstrando atividade promissora em pacientes com cancer colorretal
metastatico (WADLOW & RYAN, 2010).

Cetuximabe é um anticorpo monoclonal quimérico IgG1 (recombinante
camundongo-humano) que se liga especificamente ao dominio extracelular do
receptor do fator de crescimento epidérmico (EGFR). O EGFR é uma
glicoproteina transmembrana que pertence a subfamilia do tipo | de Receptores
Tirosina Quinase (La TANGUE & KERR, 2011). E composto de homodimeros ou
heterodimeros, tais como HER1 (ou EGFR ou ErbB1), HER2 (ou Erbb) HERS e
HER4. Estes receptores sdo compostos por um dominio extracelular, um
segmento transmembrana e um dominio tirosina quinase intracelular (DI FIORI et
al., 2010).

Assim como cetuximabe, panitumumabe também ¢é um anticorpo
monoclonal anti-EGFR, no entanto, foi o primeiro anticorpo monoclonal anti-EGFR
totalmente humanizado (COHENURAM & SAIF, 2007). Estes agentes ligam-se ao
dominio extracelular do EGFR (ErbB1) impedindo a dimerizagao do receptor. Esta
ligacdo gera internalizacdo do complexo receptor-anticorpo e impede a
autofosforilacdo de EGFR-tirosina e consequentemente, a inativacdo da cascata

de proteinas. Sendo assim, tais anticorpos monoclonais agem sobre a inibi¢do da
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proliferagcdo celular e inducdo de apoptose (FREEMAN et al., 2004), como

mostrado na figura 6.
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Figura 6. EGFR (ErbB1) e suas vias de sinalizagao (FREEMAN et al., 2004).

Em céncer colorretal, cetuximabe prolongou o periodo de progressao de
doenga em pacientes com tumores KRAS de tipo selvagem. Neste estudo, um
grupo de pacientes que nao recebeu quimioterapia anteriormente, fez o
tratamento com cetuximabe combinado a quimioterapia. Essa associag¢ao incluiu
Irinotecano (o tempo médio até a progressao da doenga foi de 9,9 meses, em
comparacado a 8,7 meses nos pacientes que n&o receberam o cetuximabe) e

Oxaliplatina (o tempo médio até a progressao da doencga foi de 7,7 meses, em
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comparagao com 7,2 meses nos pacientes que nao receberam o anticorpo
monoclonal) (EUROPEAN MEDICINES AGENCY, 2011).

Diferentes estudos sugerem que mutagdes do gene KRAS estéo presentes
em 30 a 50% dos adenocarcinomas colorretais. O estado de KRAS tem provado
ser um importante indicador de eficacia a anticorpos monoclonais anti-EGFR, uma
vez que pacientes com KRAS selvagem respondem melhor a este tipo de
tratamento (FREEMAN et al., 2008).

Estudos recentes buscam correlacionar mutacbées em alelos de KRAS a
outros efetores intracelulares, como BRAF e PIK3CA, avaliando a resposta clinica
com o tratamento com farmacos anti-EGFR. Neste sentido, um estudo
retrospectivo de 113 pacientes que receberam cetuximabe ou panitumumabe
analisou KRAS e mutacées BRAF em exons 2 e 15 e foi verificado que a
presenca de mutacbes BRAF foi inversamente associada com a resposta a
terapia (DI NICOLANTONIO et al., 2008).

Entretanto, além dessas mutagdes, os principais mecanismos envolvidos
na ativagcdo e / ou resisténcia a terapia com cetuximabe e Panitumumabe
parecem emergir da ativagdo constitutiva de outras sinalizagbes celulares
vinculadas a EGFR.

De fato, além do EGF, outros ligantes podem ativar a sinalizagado de EGFR,
como por exemplo, TGF-a, VGF, ou B-celulinas (DI FIORI, et al., 2010).

Os receptores acoplados a proteina G (G protein-coupled receptors,
GPCRs) representam a maior familia de receptores de membrana e suas fungdes
estdo relacionadas a diversas atividades celulares, tais como regulagdo do

metabolismo, secrecdo, contragdo, pressao sanguinea, e transmissédo da dor. Em
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contraste, receptores tirosina quinase (RTKs), outra familia importante de
receptores de membrana, dentre elas a familia de EGFR, foram relacionados a
proliferagcdo celular, diferenciacdo, motilidade e sobrevivéncia celular.
Originalmente acreditava-se que essas familias de receptores agiam de maneira
individual, entretanto, nas duas ultimas décadas, tornou-se cada vez mais claro
que GPCRs também estdo envolvidos em processos de proliferacdo celular e
estdo envolvidos na progressdo e metastase de tumores, podendo haver
transativacao entre esses receptores (LIEBMANN, 2011; ver figura 7).

Varios estudos indicam um possivel envolvimento de fatores de
crescimento no desenvolvimento de cancer colorretal, dentre eles horménios
gastrointestinais, especialmente gastrina e bombesina / peptideo liberador de
gastrina (SCHALLY et al., 2001; 2003).

ZHANG e colaboradores (2007) demonstraram que a combinagdo de um
antagonista de GRPR ao inibidor da tirosina quinase de EGFR, Erlotinib,
potencializou os efeitos antitumorais de ambos em cancer de cabecga e pescoco.
Além disso, em células de cancer de pulmao, agonistas de GRPR aumentaram a
fosforilagao de EGFR (MOODY et al., 2010; 2011).

Além disso, recentemente foi demonstrado que a combinagdo de
antagonistas anti-bombesina / GRP a agentes citotoxicos tais como Irinotecano e
5-FU, produziram um efeito sinérgico em cancer colorretal (RICK et al., 2012),
sugerindo que antagonistas sintéticos para o receptor do peptideo liberador de
gastrina (Gastrin Releasing Peptide Receptor, GRPR) possam ter um valor clinico
no tratamento de tumores colorretais (RADULOVIC et al., 1991, CASANUEVA et

al., 1996; SZEPESHAZI et al., 1997, CHATZISTAMOU et al, 2001,
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SCHWARTSMANN 2004; SCHWARTSMANN et al., 2005; CORNELIO et al.,

2007; RICK et al., 2012).

EGFR ligands
. (HB-EGF, TGFa, AR)

Proliferagao, Migragao, Sobrevivéncia, Invasao

Figura 7. Mecanismo de transativacdo entre GPCRs e EGFR. Estimulagdo por agonistas de
GPCRs resulta na produgéo de determinados ligantes da familia de EGF, que por sua vez ativam

EGFR e sua sinalizagao intracelular. Adaptado de LIEBMANN, 2011.
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1.3 Peptideo Liberador de Gastrina

O Peptideo Bombesina foi originalmente isolado da pele da r& Bombina
bombina (ANASTASI et al., 1971). Outros peptideos homdlogos a Bombesina
(como exemplificado na figura 8) foram subseqlentemente descobertos e
classificados de acordo com a regido COOH-terminal, dentre eles: o peptideo
liberador de gastrina (GRP), neuromedina B (NMB) e neuromedina C (NMC).
(McDONALD et al., 1979; KROOG et al., 1995; PRESTON et al., 1996). O GRP e
NMC tém uma leucina como penultimo residuo da regido C terminal enquanto
NMB tem um fenilalanina como penultimo residuo (SHIN et al., 2006).

Em humanos, trés subtipos de receptores que se ligam aos peptideos da
familia da Bombesina foram identificados: receptor preferencial ao peptideo
liberador de gastrina (GRPR), receptor preferencial a neuromedina B (NMBR) e
receptor para o subtipo 3 de bombesina (BRS-3) (CASSANO et al., 2001). De
acordo com Patel e colaboradores (2006), o GRP se liga a GRPR com alta

afinidade e a BRS3 com baixa afinidade.

Bombesina

Pyr-GIn-Arg-Leu-Gly-Asn-GIn-Trp-Ala-Val-Gly-His-Leu-Met-NH2

GRP
Ala-Pro-Val-Ser-Val-Gly-Gly-Gly-Thr-Val-Leu-Ala-Lys-Met-Tyr-Pro-Arg-Gly-Asn-

His-Trp-Ala-Val-Gly-His-Leu-Met-NH2

Figura 8. Sequéncias de bombesina e GRP. As por¢cdes C-terminais de bombesina e GRP,

marcadas em negrito, sdo idénticas (SUNDAY et al., 1988).
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Analises imunohistoquimicas usando anticorpos contra Bombesina, GRP e
NMB revelaram a existéncia de peptideos similares no cérebro e em tecidos
gastricos de varias espécies (OHKI-HAMAZAKI et al., 2005).

O GRPR é um receptor transmembrana com 384 aminoacidos, é codificado
no cromossomo X no intervalo Xp11-q11 (MASLEN & BOYD, 1993) e, pertence a
familia dos receptores acoplados a proteina G heptahelical (BENYA et al., 2000;

XIAO et al., 2001) (Figura 9).
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&
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mGRF receptor

Figura 9. Estrutura molecular do GRPR (BENYA et al., 2000).

GRP liga-se a GRPR ativando uma proteina Gaq que aciona fosfolipase C-
B que cliva o fosfatidilinositol bifosfato (PIP2), resultando na produgéo de
diacilglicerol (DAG) e inositol 1,4,5-trifosfato (IP3), elevando os niveis de calcio
intracelular e deste modo ativando cascatas de proteinas quinases, como proteina
quinase mitdogeno-ativada (MAPK), proteina quinase C (PKC) e quinase de

adeséo focal (FAK) (GILADI et al., 1993; SHUMYATSKY et al., 2002; ROESLER
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et al., 2003; MOODY & MERALI, 2004; ROESLER et al., 2004a; 2004b; PATEL et
al., 2004; OHKI-HAMAZAKI et al., 2005; ROESLER et al., 2006) (Figura 10).

Além de promover crescimento e proliferagdo, estes receptores também
estdo envolvidos na migragao celular e angiogénese, pois estimulam a pequena
GTPase Rho, que tem um papel central na migracao celular através do estimulo
da ROCK (MARINISSEN & GUTKIND, 2001). E ainda, ativam a fosfolipase A2
(PLA2) e cicloxigenase 2 (COX2), aumentando a produgéo de prostaglandina E2

(PGE2) (ROZENGURT et al., 2002) (Figura 11).

Figura 10. Modelo de via de sinalizagdo de receptores de GRPR (HELLMICH et al., 1999).

Bombesina e GRP sdo importantes na regulagdo de varios processos
fisiolégicos normais (CARROLL et al., 1999), sendo o papel destes peptideos
relacionado a diversos efeitos no sistema nervoso central, sistema imune,
pulmonar e gastrointestinal, dentre eles na inducado da secregdo de hormdnios e
acidos gastricos, secregdo da mucosa, regulagdo da contragdo do musculo

esquelético, promogado de quimiotaxia, modulagdo neuronal, controle da
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temperatura corporal, comportamento e formagdo da memoria (LIEBOW et al.,
1994 apud ROZENGURT et al., 1983; CASSANO et al., 2001; CASANUEVA et
al., 1996; ROESLER et al., 2006; CARROLL et al., 2000; DORSAM et al., 2007).

O GRP possui 27 aminoacidos e é codificado no cromossomo 18 (SCOTT
et al., 2004). Este peptideo atua como um horménio gastrointestinal estimulando o
crescimento epitelial intestinal (RADULOVIC et al., 1991), a liberagdo de gastrina
através de células G antrais, a secregao exocrina pancreatica e a modulacao da
motilidade gastrointestinal (SCOTT et al., 2004). Tem uma atividade mitogénica
potente, atuando em vias autécrinas promovendo o crescimento do tecido normal
e tumoral (FRUCHT et al., 1991; CASANUEVA et al., 1996; CASSANO et al.,
2001; SCOTT et al., 2004).

No tecido normal a distribuicdo de GRP é restrita ao sistema nervoso
central, células neuroenddcrinas do pulmao de fetos, fibras nervosas no plexo
mientérico do trato gastrointestinal, mucosa intestinal e glandulas mamarias
(SZEPESHAZI et al., 1991; CHU et al., 1995%; 1995b; PRESTON et al., 1996;
SCOTT et al., 2004).

Além disso, GRP e seu receptor sdo expressos durante o desenvolvimento
do intestino e contribuem para o crescimento das vilosidades (CARROLL et al.,
2002), porém, apds este periodo, as ceélulas epiteliais que revestem o colo
humano normalmente ndao expressam GRP nem seu receptor (FERRIS et al,,
1997; CARROLL et al., 1999).

Em contraste, alguns estudos tém mostrado que tanto o GRP quanto
GRPR séao expressos de forma aberrante em cancer gastrointestinal como colo e

estbmago, cancer de prostata, cancer de pequenas células de pulméo, de
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pancreas, de mama e cancer de cabeca e pescogo (PRESTON et al., 1996;
CARROLL et al., 1999; 2000; KIM et al., 2002; XIAO et al., 2001; JENSEN et al.,

2001; PATEL et al., 2006).

PGE2 production

l

Survival Protein translation Cell growth Angiogenesis

Figura 11. Vias de sinalizagao ativadas pelo GRPR (DORSAM & GUTKIND, 2007).

Essa superexpressdo também pode estar vinculada a caracteristicas
invasivas em tumores do colo bem como no desenvolvimento e progressao da
doenca (CARROLL et al., 2000; PATEL et al., 2004).

Scott e colaboradores (2004) sugerem que a expressao aberrante do
receptor de GRP pode ser suficiente para dirigir a proliferacdo celular em
adenocarcinomas gastricos e colénicos e que o aumento da sintese de GRP pode

estar envolvido na estimulagao autocrina e paracrina de alguns carcinoides.
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Além disso, algumas mutagées em aminoacidos de GRPR sdo comuns no
trato gastrointestinal e se distribuem difusamente na regido codificadora desse
receptor, possivelmente contribuindo também para o desenvolvimento e
progressao de cancer do colo e reto (CARROLL et al., 2000).

O peptideo liberador de gastrina parece ser um importante fator de
crescimento autdcrino e paracrino (CUTTITA et al., 1985; PRESTON et al., 1996;
KROOG et al., 1995; KIM et al., 2002), pois afeta a proliferagdo e diferenciagao
celular pela ligagdo ao seu receptor (SCOTT et al., 2004; PATEL et al., 2004;
MOODY & MERALI, 2004; OHKI-HAMAZAKI et al., 2005; PATEL et al., 2006;
ROESLER et al., 2006), promovendo ainda aderéncia das células tumorais na
matriz extracelular (GLOVER et al., 2004).

Casanueva e colegas (1996) demostraram que Bombesina induz
proliferagdo celular na linhagem de cancer colorretal humana HT-29, indicando
diferenga na sinalizagdo i6nica e estimulagao da divisao celular pela ativacédo de
receptores.

A linhagem celular HT-29 foi originalmente isolada de um adenocarcinoma
de colo humano e retém certas caracteristicas da célula de origem, por isso € um
modelo adequado para estudar mecanismos moleculares de tumorigénese
colbénica, bem como a influéncia de manipulagées hormonais no crescimento do
tumor (TRAINER et al., 1988; RADULOVIC et al., 1991; CASSANO et al., 2001;
RUGINIS et al., 2006). HT-29 tem GRP funcional e a ativagdo do receptor induz

proliferagao celular (CASSANO et al., 2001).
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Pelo fato de Bombesina e GRP promoverem o crescimento de alguns tipos
de canceres e possuir fungédo autécrina estimulante, isso indica que antagonistas
para estes peptideos poderiam inibir o crescimento de certos tumores.

Um pseudononapeptideo antagonista do receptor de Bombesina/GRP, RC-
3095, foi sintetizado (LIEBOW et al., 1994) e pode ser considerado como um
potencial agente para o tratamento de céncer colorretal (RADULOVIC et al.,
1991).

De fato, o efeito proliferativo de GRP em linhagens celulares de cancer
colorretal e o efeito reverso do antagonista de GRPR foram confirmados (SAURIN
et al., 1999; CASSANO et al., 2001). E experimentos pré-clinicos com RC-3095
indicaram que o bloqueio de GRPR inibe drasticamente o volume tumoral em
modelos de enxertos xenograficos com a linhagem celular HT-29 em
camundongos nudes (RADULOVIC et al., 1991), sugerindo que o bloqueio de
GRPR possa representar uma estratégia eficiente para o tratamento de cancer
colorretal.

Embora GRP / GRPR exercam papéis importantes para fungdes
fisiolégicas no sistema respiratério, nervoso, urogenital e gastrointestinal
(BATTEY et al., 1994; FERRIS et al.; 1997; XIAO et al., 2001; SHINGYOJI et al.,
2003), estudos de fase | utilizando o antagonistas de GRPR demonstraram
toxicidade toleravel (SCHWARTSMANN et al., 2005) e estudos de fase Il ainda
estdo em andamento.

A interagao entre GRP e outros mitdgenos potenciais pode ocorrer em nivel
de membrana celular pela modulagédo de receptores GRP (PRESTON et. al,

1996). E estudos dirigidos por Patel e colegas (2004) sugerem que multiplos
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fatores de crescimento possam atuar em conjunto para a progressdao de
neoplasias. Entretanto, até o presente momento, ndo foram descritos estudos

mostrando a interagcdo de GRPR / EGFR e neurotrofinas.
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2 OBJETIVOS

Este estudo teve por objetivo geral avaliar o papel de BDNF / TrkB em
cancer colorretal investigando interagdes funcionais com GRPR e EGFR.

Visando ordenar os assuntos abordados, o trabalho sera apresentado na
forma de capitulos, como descrito abaixo:

O Capitulo 1 trata da avaliacdo da expressao de BDNF / TrkB em amostras
de pacientes diagnosticados com cancer colorretal, bem como interagcbes entre
BDNF aos efeitos antitumorais induzidos pelo antagonista de GRPR, RC-3095,
em linhagens celulares de cancer colorretal humanas, HT-29 e SW-620.

O Capitulo 2 trata da sinalizacdo via BDNF / TrkB em mecanismos de
protecao e resisténcia a cetuximabe em células de cancer colorretal humanas,
HT-29.

O Capitulo 3 versa sobre a associagao da expressao de TrkB e GRPR em
tecidos tumorais e tecidos adjacentes n&o neoplasicos oriundos de blocos de
parafina de pacientes diagnosticados no Hospital de Clinicas de Porto Alegre com
cancer colorretal esporadico e hereditario.

E, o Capitulo 4 aborda o tema da sinalizagdo de BDNF / TrkB como alvo
anti-tumoral, e foi motivado pelos resultados obtidos nos demais capitulos. Trata-

se de um Editorial na revista Expert Reviews of Anticancer Therapy.
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Abstract

Objective: Neurotrophin and neuropeptide pathways are
emerging targets in cancer. Here we show that brain-derived
neurotrophic factor (BDNF) and its receptor, TrkB, are pres-
ent in colorectal cancer and that BDNF levels are increased
in tumors compared to nontumor tissue. In addition, we
investigate the role of BDNF in influencing the response
of colorectal cancer cells to inhibition of gastrin-releasing
peptide receptors (GRPR). Methods: Fresh-frozen sporadic
colorectal adenocarcinoma specimens and adjacent non-

neoplastic tissue from 30 patients, as well as paraffin-em-
bedded colorectal cancer samples from 21 patients, were
used in this study. Cell proliferation and mRNA and protein
levels were examined in HT-29 or SW620 cells treated with
a GRPR antagonist, human recombinant BDNF (hrBDNF), a
Trk antagonist K252a, or cetuximab. Results: Expression of
BDNF and TrkB was detected in tumor samples and cell lines.
BDNF levels were higher in tumor samples compared to non-
neoplastic tissue. BDNF expression and secretion were in-
creased by GRPR blockade in HT-29 cells through a mecha-
nism dependent on epidermal growth factor receptors.
Treatment with hrBDNF prevented the effect of GRPR block-
ade on cell proliferation, whereas a Trk inhibitor reduced
proliferation. Conclusions: BDNF and TrkB are present in
colorectal cancer and might contribute to resistance to GRPR
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Introduction

In spite of major advances in the treatment of colorec-
tal cancer with the introduction of chemotherapy combi-
nations and targeted agents (bevacizumab, cetuximab,
and panitumumab), new treatment options are warrant-
ed to further increase survival and reduce resistance to
therapies. An increase in our knowledge of the cellular
signaling mechanisms involved in regulating tumor
growth and resistance to antiproliferative agents might
enable the identification and characterization of novel
molecular targets upon which to focus drug discovery ef-
forts [1, 2].

Receptor tyrosine kinases (RTKs) are cell surface pro-
teins that constitute major targets for cancer treatment.
Upon activation by growth factors, RTKs stimulate intra-
cellular pathways controlling cellular survival and prolif-
eration [3]. Tropomyosin receptor kinase (Trk) receptors
constitute a family of RTKs activated by neurotrophins.
TrkA, TrkB, and TrkC are respectively the receptors for
nerve growth factor, brain-derived neurotrophic factor
(BDNF), and neurotrophin-3 (NT-3) [4]. Emerging evi-
dence indicates that Trk signaling might play a role in
cancer progression. Thus, several studies have reported
altered expression of Trks in different tumor types, and
possible correlations between receptor expression and
prognosis have been investigated. For instance, patients
with neuroblastoma whose tumeors have increased levels
of TrkA and TrkC have a better prognosis, whereas those
whose tumors expressing increased TrkB and its primary
ligand, BDNF, have a poor prognosis [5-7].

Evidence that the BDNF/TrkB pathway might be in-
volved in cancer growth, metastasis, and resistance to
therapy has been recently extended to several other types
of cancer, including tumors arising from nonneural tis-
sues [7, 8]. Trk activation by BDNF was shown to enhance
the proliferation and survival of transitional cell carci-
noma cell lines [9]; conversely, a TrkB antibody induced
cytotoxicity and suppressed the migration and invasion
of transitional cell carcinoma cells [10]. Although muta-
tions of the TrkB gene have been reported in colorectal
cancer [8, 11], previous studies have not analyzed the ex-
pression and function of TrkB and BDNF in colorectal
cancer cell lines or tumor samples.

Mechanisms regulating the expression and secretion
of BDNF include G protein-coupled receptors (GPCRs)
and downstream signaling pathways and transcription
factors [12, 13]. GPCRs playa crucial role in cancer growth
and represent important targets for anticancer drug de-
velopment [14]. GPCRs involved in cancer progression
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include the gastrin-releasing peptide receptor (GRPR),
whose primary ligand in mammals is GRP, a bombesin-
like neuropeptide. GRPR is overexpressed in a variety of
human cancers and plays a role in stimulating cancer cell
proliferation [15, 16]. The possible interplay between
GRPR and BDNF/TrkB signaling in cancer has not been
investigated in previous studies.

In the present study, we examined whether BDNF and
TrkB could be detected in colorectal cancer samples and
cell lines. BDNF levels were higher in tumor samples
compared to nonneoplastic tissue. In addition, we found
that BDNF expression and secretion were increased by
GRPR blockade in colorectal cancer cells through a
mechanism dependent on epidermal growth factor re-
ceptors (EGFR). Treatment with BDNF prevented the ef-
fect of GRPR blockade on cell proliferation, whereasa Trk
inhibitor reduced proliferation. Our findings provide the
first evidence that BDNF/TrkB might play a role in the
progression of colorectal cancer and resistance to antitu-
mor drugs acting at GPCRs.

Patients and Methods

Ethical Aspects

All experimental protocols were approved by the Institutional
Research Ethics Committee (CEP-HCPA), and written informed
consent was obtained for tissue specimens (document No. CEP-
HCPA 07-520 and 08-081).

Tumor and Nonneoplastic Tissue Samples

A set of fresh-frozen sporadic colorectal adenocarcinoma
specimens and adjacent nonneoplastic tissue isolated by micro-
dissection were obtained from samples from 30 patients who un-
derwent surgery at the local university hospital (HCPA, Federal
University of Rio Grande do Sul, Brazil). These 30 samples were
analyzed for BDNF mRNA expression and BDNF protein quan-
tification. BDNF levels were also measured in samples of nonneo-
plastic colon tissue, located at least 10 cm away from the tumor,
removed from the same patients. Paraffin-embedded colorectal
cancer samples from a subset of 21 of the same patients were used
for immunchistochemical analysis.

Reverse Transcriptase Polymerase Chain Reaction

Total RNA was extracted from HT-29 and SW620 cells or tu-
mor samples using TRIzol reagent {Invitrogen, USA), in accor-
dance with the manufacturer’s instructions, and reverse tran-
scribed with SuperScript™ I[1I First-Strand Synthesis SuperMix®
{Invitrogen). The human GRPR, BDNE, and EGEFR primers were
designed according to the corresponding Gene Bank sequence.
The forward and reverse primers used for reverse transcriptase
polymerase chain reaction (RT-PCR) amplification are shown in
table 1.

Semiguantitative RT-PCR conditions were optimized to deter-
mine the number of cycles that would allow product detection

Oncology 2010;79:430-432 431
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Table 1. Forward and reverse primers used for RT-PCR amplification

Gene Primer sequences PCR product size, bp
GRPR forward: 5'-GTCAAGTCCATGCGAAACG-3 190
reverse: 5'-GGGTGTCTGTCTTCACACT-3'
BDNE forward: 5'-GCGTGAATGGGCCCAAGGCAGG-Y 362
reverse:  5'-TGTGACCGTCCCGCCCGACATG-3
EGFR forward: 5'-TAACAAGCTCACGCAGTTGG-3" 190
reverse: 5 -GTTGAGGGCAATGAGGACAT-3
B-Actin forward: 5'-GAGACCTTCAACACCCCAG-3 190
reverse: 5 -GCTACAGCTTCACCAGCAG-3

within the linear phase of mRNA transcript amplification. Ex-
periments were performed with 1.5 mm Mg(Clsy, 0.1 pm for each
primer, 0.2 mm dNTPs, 0.5 M betaine, 1 U Taq Platinum® (Invi-
trogen), and 2 pl cDNA template. The expression of B-actin was
measured as an internal control. The PCR conditions for B-actin,
GRPR, and EGFR experiments were: 2.5 mmM MgCl,, 0.1 pM for
each primer, 0.2 mM dNTPs, 1U Taq Platinum (Invitrogen), and
1 pl cDNA template. All assays were carried out in a total volume
of 20 pl using 35 cycles for amplification that consisted of 1 min
at 95°C, denaturation at 94°C for 30 s, annealing at 60°C for 30 s,
and extension of primers at 72°C for 45 s, followed by a final ex-
tension at 72°C for 10 min. The products of BDNF (362 bp), GRPR
(190 bp), EGER (190 bp), and B-actin (190 bp) were electropho-
resed through 1.0% agarose gels containing GelRed™ 10x (Bio-
tium, USA} and visualized with ultraviolet light [17-19). The frag-
ments’ length was confirmed using a Low DNA Mass Ladder®
(Invitrogen) and the relative expression of the BDNF gene was
determined by densitometry using freeware Image] 1.37 for Win-
dows®. Each experiment was performed in replicate using RNA
isolated from independent cell cultures, and representative find-
ings are shown. For each set of PCR reactions, a negative control
was included. Semiquantitative data are shown as percentage
changes compared to controls (the lowest value among replicates
in the control group was taken as 100%).

Immunohistochemistry

Expression of TrkB and GRPR in HT-2% and SW620 cells and
colorectal tumor samples was analyzed with immunohistochem-
istry following the general methods described in previous studies
[20, 21]. The primary antibodies used were a rabbit polyclonal
antibody against GRPR (OPA1-15619; Affinity Bioreagents,
Golden, Coleo., USA), corresponding to the second extracellular
loop of human GRPR, and a mouse monoclonal antibody raised
against an extracellular domain of the human TrkB receptor
(ab51190; Abcam plc, Cambrigde, UK), corresponding to the
portion near the site of phosphorylation of tyrosine 515. The
samples were lightly counterstained with hematoxylin-eosin
(HE) as a control.

For immunohistochemical analysis in cell lines, the cells were
seeded in flasks of 25 cm’. The cells which grew the least were
confluent and they were detached with a trypsin/EDTA solution.
After centrifugation, the cell pellet was resuspended in 3 ml of
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formol and embedded into paraffin wax [17, 19, 22]. For analysis
in tumor samples, 4-pm-thick sections were mounted on or-
ganosilane-coated slides and dried overnight at 37°C. Sections
were deparaffinized in a stove, rehydrated in graded alcohols, and
washed with distilled water. The procedure for antigenic recu-
peration was performed in a microwave, inactivation of the en-
dogenous peroxidase through immersion in hydrogen peroxide,
and blocking cross-reaction with normal serum. The primaryan-
tibody diluted in solution (1:50) was incubated for 12 h at 4°C,
followed by application of the complex biotin streptavidin-biotin-
peroxidase (LSAB; Dako) and revelation with diaminobenzidine
tetrahydrochloride (DAB Kit, Dako). Cell nuclei were lightly
counterstained with HE as a control [20, 21].

Enzyme-Linked Immunosorbent Assay Quantification of

BDNF

Forty-eight hours after treatment, the supernatant was re-
moved and BDNF levels were measured by enzyme-linked im-
munosorbent assay (ELISA) (ChemiKine™, CYT306; Millipore,
Billerica, Mass., USA) according to the manufacturer’s instruc-
tions. Colorectal cancer cell medium or tissue samples were ho-
mogenized in phosphate-buffered solution with 1 ma phenyl-
methylsulfonyl fluoride and 1 mu ethylene glycol tetraacetic acid.
Supernatants were added to microtiter plates for 24 h. The stan-
dard curve, ranging from 7.8 to 500 pg/ml of BNDF, was prepared
with samples diluted 1:2 in sample diluent. Plates were then
washed 4 times with wash buffer before addition of anti-BDNF
monoclonal antibody diluted 1:1,000 in sample diluent and incu-
bated for 3 h at room temperature. After washing, wells were in-
cubated with 1:1,000 anti-rabbit peroxidase-conjugated antibody
for 1 h at room temperature. After addition of streptavidin en-
zyme, substrate, and stop solution, BDNF concentrations were
determined at 450 nm. The standard curve demonstrates a direct
relationship between optical density and BDNF concentration.
BDNF was expressed as picograms of BDNF per milliliter of pro-
tein homogenate. Total protein was measured using Bradford’s
method with bovine serum albumin as a standard.

Cell Lines and Cell Culture

The HT-29 and SW620 human colorectal cancer cell lines were
obtained from the American Type Culture Collection (Rockville,
Md., USA} in 2000. Cells were seeded (7 x 10° cells per well) in

Brunetto de Farias et al.



96-well polystyrene tissue culture-treated flat-bottom microtiter
plates (TPP, Switzerland) in RPMI medium supplemented with
10% fetal bovine serum (Sorali, Brazil), gentamicin (4 mg/ml;
Nova Pharma, Brazil), and Fungizone (250 mg/kg; Invitrogen,
S&o Paulo, Brazil). Cells were kept at a temperature of 37°C, a
minimum relative humidity of 95%, and an atmosphere of 5%
C0O; in air.

Cell Proliferation Assays and Treatmenis

The cells were seeded at a density of 1 x 10* cells/well in
RPMI/10% FBS into 24-well plates and allowed to grow for 24 h.
The medium was replaced and cells were treated with RC-3095
(0.001, 1, or 1,000 nM; AFEterna Zentaris GmbH, Frankfurt, Ger-
many}, human recombinant BDNF (hrBDNF; 0.01,0.1, 1, or 10 ng/
ml; Sigma-Aldrich, St. Louis, Mo., USA), K252a (1, 10, 100, or
1,000 nM; Sigma-Aldrich), and cetuximab (Erbitux, C225; Merck
KGaA, Darmstadt, Germany), alone or combined, added to the
culture medium. The doses of RC-3095 and the other agents were
chosen on the basis of previous studies [15, 18, 19].

For measuring cell proliferation, cell counting was carried out
as previously described [18, 19]. Briefly, the medium was removed,
cells were washed with Hanks' Balanced Salt Solution (Invitro-
gen), and 100 pl of 0.25% trypsin/EDTA solution was added to
detach the cells, which were counted immediately in a hemocy-
tometer. Proliferation was also measured by MTT assay as previ-
ously described [17, 22]. The cells were washed with Hanks' Bal-
anced Salt Solution (Invitrogen}, 11 pl of MTT (5 mg/ml; Sigma-
Aldrich) was added to each well, and they were then incubated for
4 h at 37°C. The plate was left at room temperature until it was
completely dry. Dimethyl sulfoxide was added and the absor-
bance was read at 492 nm in a multiplate reader.

Colony Formation Assay

HT-29 cells were seeded into 6-well plates (400 cells/well) after
treatment with RC-3095 for 48 h. A fter incubation for 10-14 days,
the cells were fixed with 70% ethanol and counterstained with
(1.5% crystal violet. Only colonies containing 50 or more cells were
scored under a microscope as previously described [18]. The radi-
ation-surviving fraction was then calculated as:

_ Number of colonies in treatment cells

SF x 100

Number of colonies in control

Statistics

Data are shown as means £ SEM. Differences between mean
values were evaluated by 1-way analysis of variance followed by
Tukey post hoc tests when appropriate. In all comparisons, p <
{1.05 was considered statistically significant.

Results

Expression of BDNF and TrkB in Tumor Samples from

Patients with Colorectal Cancer

We analyzed BDNF mRNA expression in tumor sam-
ples from a set of 30 patients (14 males, median age 67
years; 16 female, median age 62 years) with colorectal ad-
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enocarcinoma. BDNF mRNA was detected in 28 of 30
cases (93.3%; fig. 1a). Quantification of BDNF protein by
ELISA revealed that tumors had significantly higher lev-
els of BDNF compared to nonneoplastic adjacent tissue
obtained from the same patients (fig. 1b).

We also used immunohistochemistry to confirm the
expression of TrkB in a panel of 21 colorectal adenocar-
cinoma samples from a subset of patients (9 males, me-
dian age 67 years; 12 females, median age 64 years). Im-
munoreactivity for TrkB was detected in 20 (95.24%)
samples (fig. 1c). These findings indicate that BDNF and
TrkB are expressed in most colorectal tumors, and BDNF
levels are increased in colorectal cancers compared to
nonneoplastic colorectal tissue.

BDNF Prevents the Inhibifory Effect of GRPR

Blockade on the Proliferation of HT-29 Colorectal

Cancer Cells

To examine the possible role of BDNF/TrkB in colorec-
tal cancer, we treated HT-29 human colorectal cancer
cells with hrBDNF. Because BDNF/TrkB might interact
with GRPR signaling in cancer, we also investigated the
effect of hrBDNF combined with the GRPR antagonist
RC-3095, an experimental anticancer drug that produces
antiproliferative effects in HT-29 cells [23]. Consistent
with previous studies [23, 24], RC-3095 induced signifi-
cant inhibition of cell proliferation measured either by
MTT assay or by cell counting (data not shown). It is
worth pointing out that we were able to find significant
effects of RC-3095 in colorectal cancer cells at lower dos-
es compared to those described in previous studies [23].
Treatment with hrBDNF alone at doses ranging from 0.01
to 10 ng/ml did not significantly affect the proliferation
of HT-29 cells (data not shown). However, cotreatment
with hrBDNF prevented the decrease in proliferation
produced by RC-3095 (fig. 2a). In fact, a significant in-
crease in proliferation was observed in cells treated with
hrBDNF combined with 1 nM RC-3095. Conversely,
treatment with the Trk receptor antagonist, K252a, re-
sulted in a dose-dependent decrease in proliferation
(fig. 2b). Expression of mRNA for BDNF and GRPR and
protein for TrkB and GRPR in HT-29 cells was confirmed
with RT-PCR and immunchistochemistry (data not
shown). The results suggest that increased BDNF/TrkB
signaling might be associated with a compensatory re-
sponse aimed to restore normal levels of survival and pro-
liferation in cells submitted to inhibition of GRPR signal-
ing.
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Fig. 1. Expression of BDNF and TrkB in colorectal cancer sam-
ples. a BDNF mRNA was detected by RT-PCR in tumor samples
from 28 of 30 patients with colorectal cancer. A transcript size of
362 bp representing a fragment of GRPR was identified. b In-
creased levels of BDNF in colorectal tumors. The levels of BDNF
protein in samples of tumors and nonneoplastic colon tissue from
patients with colorectal cancer were measured with ELISA as de-
scribed in Patients and Methods. Data are the mean + SEM
BDNF levels ( picograms/milliliter) of 1 tumor sample per patient

Expression and Secretion of BDNF in HT-29

Colorectal Cancer Cells Are Increased by GRPR

Blockade

Treatment with RC-3095 resulted in a significant in-
crease in mRNA levels for BDNF measured with semi-
quantitative RT-PCR (fig. 3a). RC-3095 at 1 nM also pro-
duced a significant increase in BDNF levels measured by
ELISA in the cell culture supernatant, indicating an in-
crease in BDNF secretion from HT-29 cells (fig. 3b). It is
important to note that the dose of RC-3095 that produced
a significant increase in BDNF secretion failed to influ-
ence cell survival measured with the colony-forming as-
say (fig. 3c). Moreover, one can speculate that an increased
release of cellular BDNF might contribute to the BDNF-
induced blockade of the effects of RC-3095 on prolifera-
tion shown in figure 2. These results are consistent with

434 Oncology 2010;79:430-439

and 1 sample of nonneoplastic tissue per patient obtained from 30
patients; experiments were performed in duplicate; * p < 0.05
compared to nonneoplastic tissue. ¢ Immunoreactivity for TrkB
in a representative sample from a panel of 21 colorectal tumors.
TrkB was detected in 20 of 21 samples. TrkB expression on the
membranes is indicated by arrowheads (% 1,000). Cell nuclei were
lightly counterstained with HE as a control (bottom panel, 2 cells
indicated by arrowheads, x 1,000).

the possibility that increased expression and secretion of
BDNF might represent a compensatory response to the
antiproliferative effects of RC-3095.

The Increase in BDNF Expression Induced by GRPR

Antagonism in Colorectal Cancer Cells Depends on

EGEFR

‘We then aimed to explore the possible signaling mech-
anisms involved in mediating the alterations in BDNF
expression induced by GRPR blockade. Several GPCRs
utilize EGFR activation as a signaling intermediate in
cancer cells [25]. In addition, EGF has been shown to up-
regulate BDNF mRNA and protein levels in neurons [26].
Moreover, EGFR cross-talks with both TrkB [27] and
GRPR [28-33]. We thus wondered whether EGFR was in-
volved in RC-3095-induced alterations in BDNF levels.

Brunetto de Farias et al.
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Flg. 2. BDNF prevents the inhibition of colorectal cancer cell pro-
liferation induced by GRPR antagonism. a BDNF blocked the in-
hibitory effect of the GRPR antagonist RC-3095 on cell prolifera-
tion. HT-29 cells were treated with RC-3095, hrBDNF (10 ng/ml),
or RC-3095 combined with hrBDNF as described in Patients and
Methods. Cell proliferation was measured via MTT assay 48 h
after treatment. Data are the means £ SEM absorbance (492 nm)
of 3 different experiments, each performed in sextuple wells;
* p< 0.05 and ** p < 0.01 compared to control cells. b Trk inhi-
bition reduces the proliferation of HT-29 cells. Treatment with
different doses of the Trk antagonist K252a was performed as de-
scribed in Patients and Methods. Data are the mean = SEM ab-
sorbance (492 nm) of 5 different experiments, each performed in
sextuple wells; * p < 0.05 compared to control cells.

Flg. 3. GRPR blockade increases the expression and secretion of
BDNEF in human colerectal cancer cells. a The GRPR antagonist
RC-3095 increases the expression of mRNA for BDNF in HT-20
cells. Cells were treated with RC-3095 as described in Patients and
Methods. Transcripts for B-actin (180 bp, upper lanes) and BDNF
(362 bp, bottom lanes) were identified. Representative results for
control cells and cells treated with different doses of RC-3095 are
shown in the 4 different lanes. Results in the graph are shown as
the mean * SEM percentage alteration in BDNF mRNA levels for
4 different experiments; ** p < 0.01 compared to control cells.
b RC-3095 produced an increase in BDNF secretion by HT-20
cells. BDNF levels were assessed by ELISA as described in Patients
and Methods. Data are the mean + SEM BDNF levels (pg/ml) for
5 different experiments; * p < 0.05 compared to control cells.
¢ The only dose of RC-0395 (1 nM) that induced a significant in-
crease in BDNF secretion was also the only dose in which cell
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survival was not inhibited by RC-3095. Cells were seeded and
treated with RC-3095 as described in Patients and Methods. Col-
ony formation was scored under a microscope 48 h after treat-
ment. The results are shown as the mean * SEM percentage sur-
viving fraction for 4 different experiments; ** p < 0.01 compared
to control cells.
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Fig. 4. EGFR is required for the increase in BDNF expression in-
duced by GRPR blockade. a Cetuximab (CTX) abrogates the al-
teration in BDNF mRNA expression induced by the GRPR an-
tagonist RC-3095. HT-29 cells were treated with CTX, RC-3095,
or CTX + RC-3095, and the mRNA levels for BDNF were mea-
sured by RT-PCR as described in Patients and Methods. Tran-
scripts for B-actin (180 bp, upper lanes) and BDNF (362 bp, bot-
tom lanes) were identified. Representative results for control cells
and cells treated with different doses of RC-3095 are shown in the
5 different lanes. Results in the graph are shown as the mean +
SEM percentage alteration in BDNF mENA levels for 4 different
experiments; ** p < 0.01 compared to control cells. b RC-3095
does not alter BDNF expression in an EGFR-negative colorectal
cancer cell line. SW620 cells were treated with different doses of
RC-3095. The mRNA levels for BDNF were measured by RT-PCR
asdescribed in Patients and Methods. Transcripts for B-actin (180
bp, upper lanes) and BDNF (362 bp, bottom lanes) were identified.
Representative results for control cells and cells treated with dif-
ferent doses of RC-3095 are shown in the 4 different lanes. Results
in the graph are shown as the mean + SEM percentage alteration
in BDNF mRNA levels for 4 different experiments. There were no
significant differences between groups. ¢ RC-3095 did not affect
BDNF secretion by SW620 cells. BDNF levels were assessed by
ELISA as described in Patients and Methods. Data are the mean
+ SEM BDNF levels (pg/ml) for 6 different experiments. There
were no significant differences between groups. d EGFR is ex-
pressed by HT-20 but not SW-620 cells. RNA was extracted from
the cells and RT-PCR analysis was performed as described in Pa-
tients and Methods. A transcript size of 190 bp representing a
fragment of EGFR was detected only in HT-29 cells. e GRPR
antagonism inhibits cell proliferation in an EGFR-negative
colorectal cancer cell line. The proliferation of SW620 cells was
measured via MTT assay 48 h after treatment with the GRPR an-
tagonist RC-3095 as described in Patients and Methods. Data rep-
resent the mean += SEM absorbance (492 nm) of 3 different ex-
periments, each performed in sextuple wells; * p< 0.05 compared
to control cells.
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Flg. 5. Schematic diagram of a model of interaction between
GRPR blockade and BDNF signaling in colorectal cancer cells.
The GRPR antagonist RC-3095 can inhibit GRPR-triggered cel-
lular signaling and lead to an EGFR-dependent increase in the
expression and secretion of BDNE. Released BDNF might act on
TrkB receptors to partially counteract the inhibitory effects of
GRPR blockade on cell proliferation and survival.

Cotreatment with the monoclonal antibody against hu-
man EGFR, cetuximab, completely abrogated the in-
crease in BDNF mRNA levels by RC-3095 in HT-29 cells
(fig. 4a). In addition, RC-3095 did not alter BDNF mRNA
expression (fig. 4b) or BDNF secretion (fig. 4¢) in the
EGFR-negative [28] human colorectal cancer cell line
SWe620. Analysis using RT-PCR confirmed that HT-29
cells, but not SW620 cells, expressed mRNA for EGFR
(fig. 4d). As with HT-29 cells, the EGFR-negative SW620
cell line expressed both mRNA and protein for GRPR
(data not shown). EGFR was not required for the antipro-
liferative effect of RC-3095; treating SW620 cells with
RC-3095 resulted in a significant decrease in cell prolif-
eration measured via either MTT (fig. 4¢) or cell counting
(data not shown). It is not possible to make a direct com-
parison between the antiproliferative effects of RC-3095
on HT-29 and SW620 cells because independent experi-
ments were performed for each cell line. However, it is
worth pointing out that, whereas RC-3095 produced a
maximal inhibitory response of 44.44% in HT-29 cells
(fig. 2a), the same dose of RC-3095 produced a reduction
of 62.5% in the proliferation of SW620 cells (fig. 4¢). It is
possible that the apparent higher sensitivity of SW620
cells to the inhibitory effects of RC-3095 is related to the
lack of RC-3095-induced increase in BDNF levels in these
cells, which would be consistent with the possibility that
BDNF contributes to resistance to GRPR blockade. To-
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gether, these results indicate that EGFR is critical in me-
diating the alterations in BDNF levels produced by GRPR
antagonism.

Discussion

The biological functions of BDNF/TrkB signaling
were first characterized in the central nervous system,
where BDNF secretion from neurons is critical for the
formation of synaptic connections during central ner-
vous system development as well as for synaptic plasticity
[34,35]. More recently, BDNF has also been shown to pro-
mote tumor cell proliferation, survival, and metastasis,
and it has been shown to increase resistance to chemo-
therapy, thus emerging as a novel target in different types
of cancer [7, 8]. The present study is the first to demon-
strate the expression of BDNF and TrkB in colorectal can-
cer tumor samples and cell lines and to examine a pos-
sible role for BDNF/TrkB signaling in colorectal cancer.
The finding that BDNF levels are increased in colorectal
tumors from patients is consistent with the possibility
that BDNF acts as a growth factor involved in colorectal
cancer progression.

We also found that BDNF expression and secretion in
cultured colorectal cancer cells are increased in response
to GRPR blockade. A significant increase in BDNF secre-
tion was produced only by an intermediate concentra-
tion of RC-3095, whereas lower and higher doses were
ineffective. Similar dose-response patterns for the effects
of RC-3095 in cancer cells have been observed in previ-
ous studies [19, 23]. The role of GRPR activaticn in pro-
moting cancer cell proliferation has been described in
several models of experimental tumors, and peptidergic
GRPR antagonists such as RC-3095 have been developed
as potential anticancer agents [15, 16, 36, 37]. Preclinical
experiments have indicated that pharmacological GRPR
blockade inhibits tumor growth in experimental colorec-
tal cancer. Thus, in HT-29 xenografts in nude mice,
treatment with RC-3095 administered via subcutaneous
injections or infusion with osmotic minipumps resulted
in a pronounced decrease in tumor volume [38]. This
evidence suggests that GRPR antagonism might repre-
sent an efficient antitumor strategy in colorectal cancer.
Although we recently provided preliminary evidence
that RC-3095 can enhance nerve growth factor levels in
HT-29 cells [39], functional interactions between the
GRPR and neurotrophins in cancer have not been char-
acterized in previous studies. In the present study,
the inhibitory effect of RC-3095 on the proliferation of
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colorectal cancer cells was prevented by cotreatment
with hrBDNF, and RC-3095 failed to reduce cell survival
at a dose that significantly stimulated BDNF secretion.
These findings indicate that increased BDNF expression
and secretion might represent a mechanism of resistance
against the antitumor effect of RC-3095. The lack of ef-
fect of treatment with BDNF alone might indicate that
BDNF could display a more pronounced effect under
conditions in which basal cell proliferation or viability is
reduced by an inhibitory treatment. Moreover, it is pos-
sible that alterations such as an upregulation of TrkB by
RC-3095 are involved in the effects we observed. This
possibility remains to be examined by future studies.
Consistent with the possibility that TrkB activation by
BDNF acts as a prosurvival and proliferative signal, in-
hibiting TrK receptors in HT-29 cells reduced cell prolif-
eration. The enhancement of BDNF expression induced
by RC-3095 was prevented by cetuximab and did not oc-
cur in the EGFR-negative cell line, suggesting that the
effect is mediated by EGFR. Figure 5 shows a schematic
diagram of a proposed model of interaction between
GRPR blockade and BDNF signaling in EGFR-positive
colorectal cancer cells. It would be worth examining
whether an increase in BDNF is induced only by GPRR
antagonists or represents a more general response of
colorectal cancer cells to other GPCR antagonists or oth-
er classes of antitumor agents. The latter possibility is
supported by evidence indicating that higher BDNF lev-
els increase the survival of neuroblastoma cells under
conditions of reduced growth factor availability or expo-
sure to cytotoxic agents [6, 7, 40].

Although we have not verified whether BDNF inhibi-
tion has additive effects along with GRPR antagonism in
inhibiting cell proliferation, our findings that BDNF pre-
vented, while the Trk antagonist K252a mimicked, the
antiproliferative effect of RC-3095 suggest that a greater
inhibition of cell proliferation in vitro and of tumeor
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growth in vive may occur by the combined inhibition of
GRPR and TrkB. This possibility should be evaluated by
future studies. Moreover, our findings provide a ratio-
nale for the investigation of combinations of agents in-
hibiting BDNF/TrkB plus GPCR antagonists and EGFR
inhibitors in experimental in vivo models of colorectal
cancer.

In summary, the present study provides the first evi-
dence that BDNF and TrkB are expressed and might play
arole inregulating tumor progression and drug response
in colorectal cancer. Studies evaluating the effects of
TrkB inhibitors, combined with other targeted therapies
such as GPCR antagonists or with standard chemothera-
py, should be extended to colorectal cancer.
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The clinical success of targeted treatment of colorectal cancer (CRC) is often limited by resistance to anti-
EGFR therapy. The neurotrophin brain-derived neurotrophic factor (BDNF) and its receptor TrkB have
recently emerged as anticancer targets, and we have previously shown increased BDNF levels in CRC
tumor samples. Here we report the findings from in vitro experiments suggesting that BONF(TrkB signal-
ing can protect CRC cells from the antitumor effects of EGFR blockade. The anti-EGFR monoclonal anti-
body cetuximab reduced both cell proliferation and the mRNA expression of BDNF and TrkB in human
HT-29 CRC cells. The inhibitory effect of cetuximab on cell proliferation and survival was counteracted
by the additdon of human recombinant BDNFE. Finally, the Trk inhibitor K252a synergistically enhanced
the effect of cetuximab on cell proliferation, and this effect was blocked by BDNF. These results provide
the first evidence that increased BDNF/TrkB signaling might play a role in resistance to EGFR blockade.
Moreover, it is possible that targeting TrkB could potentiate the anticancer effects of anti-EGFR therapy.

& 2012 Published by Elsevier Inc.

1. Introduction

Resistance to epidermal growth factor receptor (EGFR }-targeted
monoclonal antibodies poses a limitation for the therapy of colo-
rectal cancer (CRC). Much recent research has focused on charac-
terizing the molecular mechanisms of acquired resistance to the
anti-EGFR antibody cetuximab. In CRC, these mechanisms include
mutations in the KRAS, BRAF, or NRAS genes, which might compen-
sate for EGFR blockade by stimulating the mitogen-activated pro-
tein kinase (MAPK) pathway [1-4]. It is also likely that resistance
can be mediated by amplification of other receptor tyrosine ki-
nases (RTKs), as has been demonstrated for other members of
the HER (ErbB) family such as HER2 [5-7]. The identification of
additional resistance mechanisms may reveal new avenues Lo in-
crease the effectivity of EGFR inhibitors.

Signaling mediated by the prototypical neurotrophin, brain-de-
rived neurotrophic factor {BDNF), which acts by activating the RTK
TrkB, has recently emerged as an anticancer target [8-10]. In CRC,
mutations have been found in two sites of the TrkB kinase domain

* Corresponding author at: Laboratory of Neuropharmacology and Neural Tumor
Biology, Department of Pharmacology, Institute for Basic Health Sciences, Federal
University of Rio Grande do Sul, 90050-170 Porto Alegre, RS, Brazil, Fax: +55 51
33083121

E-mail address: rafael.resler@pg.cnpg.br (R. Roesler).

0006-291 X8 - see front matter © 2012 Published by Elsevier Inc.
http:{/dx.doi.org/10.1016/(.bbrc.2012.07.091

[11], and we [12] and others[13] have recently described increased
levels of BDNF in CRC tumor samples and cultured cells. Interest-
ingly, our previous findings indicated that BDNF/TrkB signaling
might play a role in resistance against an antitumor peptide that
blocks gastrin-releasing peptide receptor (GRPR), through a mech-
anism dependent on EGFR [12]. Here, we show for the first time
that cetuximab treatment in cultured human colon cancer cells
in vitro is associated with a reduction in the expression of both
BDNF and TrkB. Importantly, BDNF could protect from the effects
of cetuximab on cell growth, and inhibiting TrkB increased the sen-
sitivity to cetuximab. These findings provide the first evidence that
BDNF/TrkB signaling might play a role in resistance to EGFR block-
ade, and that TrkB inhibition can potentiate the antitumor effects
of anti-EGFR therapy.

2. Materials and methods
2.1. Cell culture and treatments

The HT-29 human colorectal cancer cell line was obtained from
the American Type Culture Collection (Rockville, Md., USA) in 2000,
Cells were seeded (7 = 10° cells per well) in 96-well polystyrene
tissue culture-treated flat-bottom microtiter plates (TPP, Switzer-
land) in RPMI 1640 (LGC Biotechnology, Cotia, Brazil) medium

phys. Res. Commun. {2012, htp://dx.doi.org/ 10,1016 (j.bbrc.2012.07.091
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supplemented with 10% fetal bovine serum (Sorali, Campinas,
Brazil), gentamicin (4 mg/ml; Nova Pharma, Jardim Anapolis, Bra-
zil), ampicilin (50 mg/ml; Nova Pharma, Jardim Andpolis, Brazil),
and fungizone (250 mg/kg; GIBCO, Grand Island, USA). Cells were
kept at a temperature of 37 °C, a minimum relative humidity of
95%, and an atmosphere of 5% CO2 in air. The cells were seeded
at a density of 1= 10% cells/well in RPMI 10% FBS into 24-well ( cell
counting experimentsjor7 10% cells per well in 96-well (MTT as-
say experiments) plates and allowed to grow for 24 h [12].

The medium was replaced and cells were treated with cetux-
imab (0.1, 1.0, or 10nm; C225; Merck, Darmstadt, Germany) or
medium for 24 h, after which, in the cells in the BDNF co-treatment
groups, human recombinant BDNF (10 ng/ml; Sigma-Aldrich, St
Louis, Mo., USA) was added for 48 h. For the evaluation of the co-
treatment between cetuximab (0.1 nM) and K252 (10 nM; Sig-
ma-Aldrich, St Louis, USA) cells were seeded in RPMI 1640 10%
FBS for 24 h, followed by the treatment for 72 h. The doses of
agents were chosen on the basis of pilot dose curves previous
experiments [12].

2.2, Cell proliferation and survival assays

For trypan blue cell counting, the medium was removed, cells
were washed with Hanks' Balanced Salt Solution {Invitrogen), and
100 pl of 0.25% trypsin/EDTA solution was added to detach the cells,
which were counted immediately in a hemocytometer [12,14]. Pro-
liferation was also measured by MTT assay. MTT was added to each
well (11 pul; 5 mg/ml; Sigma- Aldrich, 5t Louis, USA), and they were
thenincubated for 4 h at 37 °C. The plate was left at room tempera-
ture until it was completely dry. Dimethy! sulfoxide (DMSO) was
added and the absorbance wasread at 492 nmina multiplate reader
[1215].

Cell survival was measured with a colony formation assay as pre-
viously described [12]. Cells were seeded into 6-well plates (400
cells/well) after treatment with cetuximab (0.1 or 10 nm} and BDNF
(10 ng/ml}, alone or combined, for 48 h. After incubation, the cells
were replaced in RPMI 1640 medium supplemented with 10% Fetal
Bovine Serum for 7-10 days. Cells were then fixed with 70% ethanol
and counterstained with 0.5% crystal violet. Only colonies contain-
ing 50 or more cells were scored under a microscope. The radiation-
surviving fraction was then calculated as:

Number of colonies in treatment cells

o= Number of colonies in controls X1

2.3. Reverse transcriptase polymerase chain reaction {RT-PCR)

HT-29 cells were cultured in the presence of cetuximab (0.1 or
10 nm) for 10 h for RT-PCR reaction, followed by total RNA extrac-
tion using Trizol reagent (Invitrogen, Sao Paulo, Brazil), in accor-
dance with the manufacturer’s instructions, and reverse
transcribed with superscripttm 11l First-Strand Synthesis supermix
(Invitrogen). The human f-actin, BDNF, and TrkB primers were de-
signed according to the corresponding Gene Bank sequence. The for-
ward and reverse primers used for RT-PCR amplification were as
follows: BDNF, 5"-GGCTATGTGGAGTTGGCATT-3' (forward) and 5'-
CTTCAGAGGCCITCGTTTTG-3' (reverse); TrkB, 5'- TGGTGCATTCCAT
TCACTGT-3' {forward) and 5'-CGTGGTACTCCGTGTGATTG-3' (re-
verse); f-actin, 5-GAGACCTTCAACACCCCAG-3 (forward) and 5 -GC
TACAGCTTCACCAGCAG-3 (reverse). All product sizes were 190 bp.

Semiquantitative RT-PCR conditions were optimized to deter-
mine the number of cycles that would allow product detection
within the linear phase of mRNA transcript amplification, Experi-
ments were performed with 1.5 mm MgCl2, 0.1 uM for each pri-
mer, 0.2 mm DNTPs, 1U Tag Platinum (Invitrogen), and 2 pl
cDNA template. The expression of f-actin was measured as an

internal control. The PCR conditions for B-actin, BDNF, and TrkB
experiments were: 2.5mm MgCl2, 0.1 uM for each primer,
0.2 mM DNTPs, 1U Taq Platinum (Invitrogen), and 1 pl cDNA tem-
plate. All assays were carried out in a total volume of 15 pl using
35 cydles for amplification that consisted of 1 min at 95 °C, dena-
turation at 94 °C for 30 s, annealing at 60 “C for 30 s, and extension
of primers at 72 °C for 45 5, followed by a final extension at 72 °C
for 10 min, The products of f-actin (190 bp), BDNF {190 bp), and
TrkB (190 bp) were electrophoresed through 1.0% agarose gels con-
taining ethidium bromide (Biotium, Hayward, USA) and visualized
with ultraviolet light [12]. The fragments’ length was confirmed
using a Low DNA Mass Ladder (Invitrogen ) and the relative expres-
sion of the BDNF and TrkB gene was determined by densitometry
using freeware Image] 1.37 for Windows. Each experiment was
performed in replicate using RNA isolated from independent cell
cultures, and representative findings are shown. For each set of
PCR reactions, a negative control was included. Semiguantitative
data are shown as percentage changes relative to p-actin (the low-
est value among replicates in the control group was taken as 100%).

2.4, Statistics

Data are shown as means £ SEM; n=3-6 independent experi-
ments. The lowest value among replicates in the control group
was taken as 100%. Differences between mean values were evalu-
ated by one-way analysis of variance (ANOVA) followed by Tukey
post hoc tests when appropriate. In all comparisons, P <0.05 was
considered statistically significant.

3. Results

3.1. The anti-EGFR monoclonal antibedy cetuximab dose-dependently
reduces the proliferation of HT-29 human CRC cells

The first experiment examined the effects of cetuximab on the
proliferation of HT-29 CRC cells. The expression of EGFR in HT-29
cells was confinmed in a previous report [12]. Treatment with
cetuximab at 10, but not 0.1 or 1.0 nM, significantly reduced the
proliferation of HT-29 cells assessed by MTT assays (P < 0.001 com-
pared to controls; Fig. 1), indicating that EGFR blockade by cetux-
imab dose-dependently inhibits the proliferation of CRC cells,

120 5

1
I I .“
0 T T T
01 1

Control 10

2

i

Absorhance 482 nm (3% ef eentrel)
2 2

¥
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Fig. 1. ECFR blockade by cetuximab dose-dependently reduces CRC cell prolifer-
ation. Cells from the HT-29 human CRC cell line were cultured and treated with
cetuximab {001, 1.0, or 10nM) as described in Materials and methods. Cell
proliferation was measured with MTT assays. Data are mean = SEM absorbance (the
lowest value among replicates in the control group was taken as 100%); n=4
independent experiments; “*F <0.001 compared to controls.
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3.2. The inhibitory effect of cetuximab on CRC cells is associated with a
decreased mRNA expression of BDNF and TrkB

The dose of cetuximab shown to inhibit the proliferation of HT-
29 cells in the previous experiment also produced reductions of
553% and 48.7%, respectively, in the mRNA expression of BDNF
(P<0.001 compared to gontrols; Fig. 2A) and TrkB (P < 0.001 com-
pared to controls; Fig. 2B) assessed by RT-PCR. Cetuximab at
0.1 nM, on the other hand, produced reductions of only about 3-

% in the expression of BDNF and TrkB mRNA, although these
reductions also were significant different from controls (BDNF,
P < 0.01; TrkB, P<0.001). The results suggest that the antiprolifer-
ative effect of EGFR blockade in CRC cells involves, and possibly re-
quires, an inhibition of BDNF|/TrkB signaling.

3.3. BDNF protects CRC cells from the inhibitory effects of cetuximab

The addition of human recombinant BDNF [ 10 ng/ml) blocked
the effects of cetuximab at 10nM on HT-29 cell proliferation as-
sessed by trypan blue cell counting (Fig. 3A). Again, treatment with
10 nM cetuximab resulted in a significant reduction of cell prolifer-
ation (P < 0.05 ). However, proliferation was not inhibited, and was

A
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Fig. 2. Cetuximab reduces BONF and TrkB mRNA expression in CRC cells, HT-20 cells
were cultured and treated with cetuximab (CTX, 0.1 or 10nM) as described in
Materials and methods. The mRMNA expression of BONF (A) and TrkB (B) was
measured by RT-PCR. Data are meanzSEM relative expression (% of p-actin).
Representative results are shown on the top of the graphs: n=3 independent
experiments; <P <0.01 and =*P < 0.00]1 compared to controls,
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Fig. 3. BDNF protects CRC cells from the antitumeor effects of cetuximab, HT-29 cells
were cultured and treated with cetuximab (0.1 or 10nM), human recombinant
BONF (10 ng/ml), or 10 nM cetuximab followed by 10 ng/ml BDNF, as described in
Materials and methods. { A) Cetuximab at 10 nM produced a significant reduction
in cell proliferation measured by cell counting, while treatment with cetuximab
plus BDNF or BDNF alone led to an increase in proliferation. Data are mean £ SEM
cell number (% of control); n=5 independent experiments, (B) Cetuximab at 10 nM
also reduced cell proliferation measured with MTT assays. BDNF had no effect by
itself, but proliferation was increased in cells treated with cetuximab followed by
BDNF. Data are mean = SEM absorbance (the lowest value among replicates in the
control group was taken as 100%): n=4 independent experiments. {C) Cell survival
assessed with a colony-forming assay was inhibited by cetuximab {10 nM), and this
effect was completely blocked by BONFE. Treatment with BDNF alone had no effect.
Data are mean + SEM of the surviving fraction (the lowest value among replicates
in the control group was taken as 100%); n= 4 independent expenments: *P < 0.05,
P <001, and *°P< 0001 compared to controls.

in fact enhanced compared to controls, in cells treated with 10 nM
cetuximab followed with BDNF (P <0.05) or BDNF alone (P<
0.001). When the MTT assay was used as a measure of cell

phys. Res. Commun. (2012), http://dx.doi.org/10.1016/j.bbrc.2012.07.091
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proliferation (Fig. 3B), again cetuximab inhibited cell proliferation
(P<0.001), and this effect was completely reversed by BDNF.
Again, proliferation was increased compared to controls in cells
treated with cetuximab plus BDNF (P < 0.001), while BDNF alone
had no effect. Cell survival measured with by a colony formation
assay was significantly reduced by BDNF (P<0.01 compared to
controls). BDNF by itself did not affect survival, but completely
protected the cells from the effect of cetuximab (Fig. 3C). The re-
sults suggest that BDNF can promote CRC cell proliferation and res-
cue from the reduction in cell proliferation and survival produced
by EGFR blockade.

3.4. TrkB inhibition synergistically enhances the antiproliferative effect
of cetuximab in CRC cells

The previous experiments indicated that the antitumor effect of
cetuximab on HT-29 CRC cells was associated with a reduction in
BDONF and TrkB expression and blocked by the addition of exoge-
nous BDONF. In the last experiment, we examined whether, con-
versely, blocking TrkB could potentiate the effect of cetuximab.
Cells were treated with a low, ineffective dose of cetuximab
(0.1 nM), the Trk inhibitor K252a (10 nM }, BDNF (10 ng/m1), cetux-
imab combined with K252a, or cetuximab combined with both
BDNF and KK252a. Cell proliferation was measured with the MTT as-
say. The results are shown in Fig. 4, Neither cetuximab nor K252a
affected proliferation when given alone. However, proliferation
was reduced when the cells were treated with cetuximab com-
bined with K252a (P=<0.001). Although K252a is not a selective
TrkB inhibitor and acts also on other Trk receptors, the effect of
cetuximab plus K252a was completely abolished by BDNF, which
alone did not affect proliferation. This result suggests that TrkB
inhibition can potentiate the inhibitory effect of cetuximab on
CRC cell growth,

4. Discussion

Resistance to cetuximab in patients with metastatic CRC is cur-
rently thought to be associated primarily with mutant KRAS
[1,2,16,17]. However, other mechanisms are likely to be important
as well, since up to 65% of patients bearing wild-type tumors are
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Fig. 4. The antiprliferative effect of cetuximab in CRC cells is synergistically
enhanced by TrkB inhibition. HT-29 cells were cultured and treated with cetuximab
(10 nM}, the Trk inhibitor K252a (10 nM ), BONF (10 ng/ml), cetuximab combined
with K252a, or cetuximab combined with both BDONF and K252a, as described in
Materials and methods. Cell proliferation was measured with MTT assays, Data are
mean £ SEM absorbance (the lowest value among replicates in the control group
was taken as 100%): n=6 independent experiments; *™P <0001 compared to
controls.

resistant to anti-EGFR antibodies [16]. Other activating mutations
in downstream effectors of EGFR signaling, such as BRAF, NRAS,
and PIK3CA (which encodes a catalytic subunit of phosphatidylino-
sitol 3-kinase, 12 K) have been implicated [2-4,18,19].

Trk was originally described as an oncogene presentin a human
colon carcinoma [20]. However, neurotrophins and Trks have been
for many years investigated mainly by neurobiologists as brain
molecules involved in neuronal survival and synaptic plasticity
[21], while their role in cancer has remained less explored. The
function of neurotrophin/Trk signaling in cancer has been mostly
characterized in neural tumors, particularly neuroblastoma. BDNF
and TrkB are preferentially expressed in aggressive neuroblasto-
mas and might stimulate tumor growth, invasion, and metastasis
[reviewed in [8-10]]. BONF/TrkB may also promote resistance Lo
chemotherapy in neuroblastoma. Thus, treatment with BDNF pro-
tected neuroblastoma cells from etoposide toxicity in vitro, and
high TrkB expression in experimental neuroblastoma in mice was
associated with less sensitivity to etoposide in a xenograft mouse
model [22].

In human CRC, TrkB has been found mutated on two different
sites in its kinase domain, TRKB™®" and TRKB™*™[11,23], but
experiments using rat epithelial cells and human tumor cell lines
have failed to provide evidence for a gain-of-function effect of
the mutations [23]. Still, it is possible that increased BDNF|TikB
signaling plays an important role in CRC. We have recently shown
that BDNF and TrkB are expressed in CRC cell lines and sporadic
CRC specimens, and BDNF levels were increased in tumor samples
compared to non-neoplastic tissue. In addition BDNF/TrkB stimula-
tion was associated with resistance to the antitumor effects of
GRPR blockade in HT-29 CRC cells, through an EGFR-dependent
mechanism [12]. Another recent study confirmed BDNF and TrkB
expression in CRC and showed that BDNF stimulated cell prolifer-
ation and had an anti-apoptotic effect mediated through TrkB [13].
Moreover, high TrkB expression in tumors has recently been asso-
ciated with poor prognosis in patients with CRC, and proliferation,
migration, and invasion in CRC cells were inhibited by TrkB knock-
down [24]. However, previous studies have not provided evidence
that BDNF/TrkB can be a mechanism of resistance to anti-EGFR
therapy in cancer. The present results provide early in vitro evi-
dence suggesting that (1) the effects of cetuximab might require
a reduction in BDNF and TrkB expression, (2} increased BDNF sig-
naling might counteract the effects ofcetuxfmab, and (3 ) combined
targeting of EGFR and TrkB might increase sensitivity To anti-EGFR
therapy in CRC cells.

Further experiments will be required to identify the intracellu-
lar signaling mechanisms underlying the functional interaction be-
tween cetuximab treatment and BDNF in CRC cells. EGFR and TrkB
share common downstream effectors, including the Ras/extracellu-
lar signal-regulated protein kinase {ERK)/MAPK and the P13 K/AKT
cascades [9,21,25]. It is possible that increased BDNF{Trkt activity
in CRC compensates for EGFR blockade by stimulating those shared
intracellular protein kinase pathways.

Our findings raise the possibility that, under conditions in
which BDNF|TtkB activity is up-regulated, as is likely the case in
CRC [12,13,24], it may contribute to cetuximab resistance. In vivo
studies aimed at investigating whether the combined targeting of
EGFR and BDNF/TrkB might be a novel strategy to overcome cetux-
imab resistance in CRC are warranted.
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5 CAPITULO 3

Interagoes entre TrkB e GRPR em Cancer Colorretal Esporadico e

Hereditario

5.1 Pacientes e Métodos

Foram analisadas 67 amostras de tecido colonico tumoral e tecido
adjacente nao tumoral de pacientes diagnosticados com cancer colorretal, sendo
30 delas oriundas de tumores esporadicos sem pré-disposicdo familiar e 37
amostras de pacientes com cancer colorretal hereditario, destes, 15 classificados
de acordo com os critérios Amsterdam | e 22 selecionados pelos critérios
Bethesda. Todos os pacientes foram tratados e acompanhados no Hospital de
Clinicas de Porto Alegre (HCPA) durante o periodo de 1970 a 1993. Este projeto

foi aprovado pelo Comité de Etica do HCPA (GPPG # 07-009).

5.2 Imuno-histoquimica

A expressao dos receptores TrkB e GRPR foi realizada através da técnica
de imuno-histoquimica. O anticorpo primario anti- TrkB correspondeu a porcao
préoxima a fosforilagdo da tirosina 515 (ab51190, Abcam plc., Cambrigde, K), e o
anticorpo anti-GRPR correspondente a segunda alga extra celular de GRPR
humano (OPA1-15619, Affinity Bioreagents, Golden, CO, USA).

Brevemente, cortes de 4 ym de espessura foram realizados e mantidos
overnight a 37°C. Os cortes foram desparafinizados em estufa, hidratados em

alcool e lavados com agua destilada. A recuperagao antigénica foi realizada em
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forno de microondas, a inativagdo da peroxidase enddgena através da imersao
em peroxido de hidrogénio e o bloqueio das reagbes inespecificas com soro
normal. Os anticorpos primarios foram diluidos em solugao (1:50) e incubados por
12 horas, a 4°C, seguido pela aplicacdo do complexo estreptavidina-biotina-
peroxidase (LSAB, Dako). A revelagdo ocorreu com diaminobenzidina
tetraidroclorido (Kit DAB, Dako). As células foram contra coradas com
hematoxilina-eosina como controle. A avaliagcdo da coloragdo imuno-histoquimica
foi realizada de forma cega por dois patologistas.

A analise qualitativa da expressdao de TrkB e GRPR foi realizada
considerando—se intensidade e distribuigdo de marcagao, onde 0 = negativo e 1 =

positivo.

5.3 Analise Estatistica

Comparacgodes entre tecido tumoral e tecido adjacente ndo tumoral, bem
como comparagodes entre os grupos hereditarios e esporadicos, foram realizadas
através do Teste Qui-Quadrado de Pearson, ou Teste Exato de Fisher. Para
analise de sobrevida global foi utilizada curva de Kaplan-Meier. E para analise de
correlagcdo entre as expressbdes de TrkB e GRPR nos tecidos adjacente nao
tumoral ou tumoral foi utilizado o Coeficiente de Spearman. A sobrevida global foi
calculada a partir da data do diagndstico até a data de o6bito ou follow-up. As

comparacgoes foram consideradas significativas se p<0.05.

5.4 Resultados

5.4.1 Expressao de TrkB e GRPR em céancer colorretal esporadico e hereditario
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As andlises imuno-histoquimicas utilizando anticorpo anti-TrkB nao
demonstraram diferengas significativas no tecido tumoral ou no tecido adjacente
nao tumoral em relagdo aos grupos de pacientes diagnosticados com cancer
colorretal classificados de acordo com os critérios Amsterdam | e Bethesda, ou
esporadico (Grupo Amsterdam |: 8% de expressao negativa X 92% de expressao
positiva no tecido adjacente e 23% de expressao negativa X 77% de expressao
positiva no tecido tumoral; grupo Bethesda: 13% de expressao negativa X 87% de
expressao positiva no tecido adjacente e 27% de expressao negativa X 73% de
expressado positiva no tecido tumoral; e grupo esporadico: 5% de expressao
negativa X 95% de expressao positiva no tecido adjacente e 9% de expressao
negativa X 91% de expressao positiva no tecido tumoral como mostrado no
grafico da figura 1 e nas fotos representativas na figura 1B).

Entretanto, a analise da expressao de GRPR no tecido adjacente nao
tumoral, nos mesmos grupos demonstrou um padrao de distribuicdo distinto no
grupo Amsterdam | em relagdo aos demais (7% de expressao negativa X 93% de
expressao positiva), como mostrado no grafico da figura 1C e foto representativa
na figura 1D. Os grupos Bethesda e esporadico tiveram distribuigdo uniforme
(Bethesda: 44% negativo X 56% positivo; e esporadico: 24% negativo e 76%
positivo). A avaliagcdo de GRPR no tecido tumoral ndo apresentou diferengas
significativas (Amsterdam |: 20% de expressdo negativa X 80% de expresséo
positiva; grupo Bethesda: 33% de expressdo negativa X 67% de expressdo
positiva e; grupo esporadico: 33% de expressdo negativa X 67% de expressao
positiva), como mostrado no grafico da figura 1C e nas fotos representativas na

figura 1E.
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Figura 1: A) Porcentagem de expressao de TrkB no tecido adjacente ndo-tumoral e tecido tumoral
nos grupos Amsterdam |, Bethesda e Esporadico. B) Foto representativa da expresséo de TrkB
nos grupos analisados. C) Porcentagem de expressdo de GRPR no tecido adjacente ndo tumoral
e tecido tumoral nos grupos Amsterdam |, Bethesda e Esporadico. D) Foto representativa da
expressdo de GRPR no grupo Amsterdam |. E) Foto representativa da expressdo de GRPR nos

grupos Bethesda e esporadico (100X).

5.4.2 Avaliagao de critérios clinico-patolégicos
Para avaliagao dos critérios clinico-patolégicos foram desconsideradas as

classificagdes pelos critérios Amsterdam |, Bethesda ou cancer esporadico. Todas
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as analises, a partir deste momento, serdo denominadas de acordo com o tipo de
tecido: adjacente nao tumoral ou tumoral, levando-se em conta que todas as
amostras sdo de cancer colorretal.

Nao houve diferenga significativa entre a expressao de TrkB e GRPR no
tecido adjacente nao tumoral (tabela 1) ou no tecido tumoral (tabela 2) em relagao
ao sexo, idade, metastase em linfonodos, metastase a distancia, estadiamento da

doenca ou recidiva.

Variaveis TRKB (valor) GRPR p
Positivo / Negativo p Positivo / Negativo | (valor)
Sexo
Masculino 21/9 0,160 18/10 0.582
Feminino 33/5 28 /10
47,5 (39,5-69)/ 45 (37-67,25)/
Idade (anos) 42,5 (35.75 - 53) 0,202 50 (40,5 - 69) 0,534
Metastase em
Linfonodos
Auséncia 1,000 0,118
25/3 18/12
Presenca 32/3 29/7
Metastase a
Distancia
Auséncia 7/1 1,000 5/3 0,834
Presenca 49/5 41/15
Estagio da
Doenca (Dukes)
Inicial 0,729 0,087
. 28 /2 26/5
Tardio 28/4 21/13
Recidiva
Auséncia 36/2 1,000 32 ; éO 0,082
Presenca 15/1

Relagdo entre a expressdo de TrkB e GRPR e parametros clinico-patologicos no tecido ndo
tumoral adjacente.

Tabela 1. Caracteristicas clinico-patolégicas de amostras de cancer colorretal e expressao de

TrkB e GRPR por imuno-histoquimica no tecido adjacente nao tumoral.
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Variaveis TRKB p (valor) GRPR p
Positivo / Negativo Positivo / Negativo | (valor)
Sexo
Masculino 21/9 0,160 18/ 10 0,582
Feminino 33/5 28/10
47,5(39,5-69)/ 0,202 45 (37 -67,25)/
Idade (anos) 42,5 E35,75 _ 5)3) sg) (40,5 - 69)) 0,534
Metastase em
Linfonodos
Auséncia 0,750 0,683
Presenca 26/5 18/10
28 /8 26/ 10
Metastase a
Distancia 0.838 0.968
Auséncia 7/1 ’ 5/3 ’
Presenca 44 /12 38/16
Estagio da
Doenca (Dukes) 24 /7 23/8
Inicial 29/6 0,807 20/ 12 0,468
Tardio
Recidiva
Auséncia 34/8 0,891 30/10 0,291
Presenca 12/4 971

Relacdo entre a expressdo de TrkB e GRPR e parametros clinico-patologicos em tecido tumoral.

Tabela 2. Caracteristicas clinicopatolégicas de amostras de cancer colorretal e expressao de TrkB

e GRPR por imuno-histoquimica no tecido tumoral.

5.4.3 Curva de sobrevida

A expressao de TrkB e GRPR também foi associada a sobrevida global,

onde considerou-se o tempo entre a data do diagnédstico até o follow-up ou data
de 6bito. Observou-se diferenga significativa entre sobrevida global e expresséo
de TrkB no tecido adjacente ndo tumoral (p=0,002; figura 2A). Pacientes que n&o
expressaram TrkB no tecido adjacente ndo tumoral tiveram pior prognoéstico. A
expressao de TrkB no tecido tumoral ndo apresentou diferengas significativas em

relagdo ao mesmo parametro (p=0,465, figura 2B), assim como a expresséo de
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GRPR nos tecidos adjacente nao tumoral (p=0,806, figura 2C) e tumoral (p=0,823,

figura 2D).
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Figura 2: A) Curva de sobrevida global em relagao a expressao de TrkB no tecido adjacente nao

tumoral (na populagdo de pacientes que estao vivos, 40 expressaram TrkB e 1 ndo expressou, e



71

na populagdo de pacientes que foram a Oobito, 5 pacientes expressaram TrkB e 3 nao
expressaram). B) Curva de sobrevida global em relacdo a expressédo de TrkB no tecido tumoral
(na populagao de pacientes que estao vivos, 37 expressaram TrkB e 7 ndo expressaram, e na
populacao de pacientes que foram a o6bito, 5 pacientes expressaram TrkB e 3 ndo expressaram).
C) Curva de sobrevida global em relagdo a expressdo de GRPR no tecido adjacente ndo tumoral
(na populagao de pacientes que estado vivos, 33 expressaram GRPR e 12 ndo expressaram, e na
populacao de pacientes que foram a 6bito, 5 pacientes expressaram GRPR e 3 ndo expressaram).
D) Curva de sobrevida global em relagdo a expressdo de GRPR no tecido tumoral (na populagéo
de pacientes que estdo vivos, 33 expressaram GRPR e 12 ndo expressaram, e na populacdo de

pacientes que foram a dbito, 6 pacientes expressaram GRPR e 3 ndo expressaram).

5.4.4 Correlagao entre TrkB e GRPR nos Tecidos Adjacente ndao Tumoral e
Tumoral

A avaliagao da correlagao entre TrkB nos tecidos adjacente ndo tumoral e
tumoral ndo apresentou diferenga significativa, embora uma tendéncia tenha sido
encontrada (p=0,051). A mesma correlagdo foi realizada para GRPR nos
diferentes tipos de tecidos, mas nao foi encontrada diferencga entre eles (p=0,374).
Foi realizada ainda, a correlacao entre a expressado de TrkB e GRPR. Houve uma
correlagcao entre TrkB e GRPR no tecido adjacente ndo tumoral (p=0,000),
entretanto ndo houve correlagao entre a expressao de TrkB e GRPR no tecido

tumoral (p=0,088).
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*...the function of neurotrophins and tropomyosin receptor
kinases in cancer has been largely characterized in neural
tumors, particularly neuroblastoma.”

Several examples of molecularly targeted
anticancer therapices successtully translated
from the laboratory bench to the clini-
cal sctting, including imatinib, gefitinib,
trastuzumab, erlotinib and ceruximab,
illustrate the potential therapeutic useful-
ness of targeting growth factors or their
cell surface receptors. Among growth fac-
tor signaling pathways, ncurotrophins and
their receptors represent emerging targets
for the development of novel anticancer
therapics. Brain-derived neurotrophic fac-
tor (BDNF), a prototypical member of
the neurotrophin family of growth fac-
tors, was first identified and isolared from
pig brains by Ivens Barde and collcagucs
in the carly 1980s, and cloned by the same
group in 1989 (for a recent review, see [11).
In 1991, BDNF was identified as a ]igand
for TekB, a member of the tropomyosin
receptor kinase (Trk) family of cell mem-
branc receptors. Trks are receptor tyrosine
kinascs activated by neurotrophins and
other growth factors. TrkA, TrkB and
TekC are the preferred receptors for the
ncurotrophins NGF, BDNF and ncuro-
trophin-3 (N'T-3), respectively 121, Trkwas
first identified by Dionisio Martin-Zanca
and collcagues as an ancogene, present in
a human colon carcinoma and capable of
mediating transformation of fibroblasts
{rcvicwcd in [?\]). and several research labo-
ratorics have since focused on examining
the role of Trks in cancer. 5till, over the
years, ncurotrophins and Trks have been
characterized primarily in the ficld of ncu-
robiology as molecules involved in CNS
development, neuronal survival and syn-
aptic plasticity, while their role in cancer
has remained relatively less explored.

To date, the function of neurotrophins
and Trks in cancer has been largely charac-
terized in neural tumors, particularly neu-
roblastoma. High levels of TrkA and TrkC
expression in neuroblastoma are associated
with better prognosis, whercas BDNF and
TrkB arc preferentially expressed in aggres-
sive tumors, and Increased BDNF/TrkB
signaling in ncuroblastoma cells might
represent an autocrine system to promote
tumor growth, invasion and metastasis.
In addition, TrkB activation by BDNF
promotes resistance to chemotherapy in
ncuroblastoma cells through a mechanism
mediated by PI3K and Akt (see [3-5) for
reviews). A recent study showed that,
in neuroblastoma cells with high TrkB
expression, treatment with BDNF pro-
tected from ctoposide-induced cell death
in vitro, and ncuroblastomas with high
TrkB expression were less sensitive to
ctoposide treatment in vive than tumors
with low TrkB expression in a xenograft
mouse model &l. In medulloblastoma, a
neural tumor that is the most common
brain cancer of childhood, TrkC cxpres-
sion correlates with a better response to
therapy, while TrkB probably promotes
cell survival (rcvicwcd in |S]}. However,
we have recently found that, at least in
some human medulloblastoma cell lines,
human recombinant BDNF decreascs cell
viability, suggesting that stimulation of
BDNE/TrkB signaling might also inhibit
medulloblastoma growth (7.

Recentevidence fora role of BDNF/TrkB
in cancer has also come from srudies on
non-neurogenic tumors [3-3). For example,
human lung adenocarcinomas have been
shown to express TrkB, and treating A549
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lung adenocarcinoma cells with BDNF stimulated the prosurvival
Akt pathway, while the Trk inhibitor K252a inhibited cell growth
and induced apupmtlc cell death 8. TrkB mutations have been
identificd in non-small-cell lung cancer; however, these murtations
did not result in enhanced cell transformation and migration [9].
Both BDNF and TrkB arc overexpressed in human bladder cancer
spccimcns [10], and BDINF enhanced cell proi iferation and survival
(111, whereasa TrkB antibody induced cytotoxicity and suppressed
migration and invasion, in transitional cell carcinoma cells (121
Two recent studics have also suggested a role for BDNF/TrkB
signaling in breast cancer. Expression of BDNF and TrkB was
detected in breast cancer cclls lines and tumor specimens. BDNF
induced resistance to apoptasis in breast cancer cells, while injec-
tion of an anti-BDNF antibody reduced the growth of breast
tumors xenografted in immunodeficient mice [13]. BDNF expres-
sion was shown to be higher in breast cancer samples compared
with normal tssuc, and higher levels of BDNF transcripes were
significantly associated with unfavorable pathological parame-
ters and adverse clinical ourcomes including poor prognosis and
death from breast cancer [14]. The c:cprcssinn of BDNF and TrkB
mRNA was also higher in human cervical cancer cell lines and
squamous ccll carcinoma of the uterine cervix than in normal
tissucs, and was related to dlinicopathological parameters relared
to carly-stage squamous ccll carcinoma 15]. Other solid tumors in
which TrkB cxpression is clevated and might be associated with
a poorer discasc outcome include Wilm's tumor, ovarian cancer

and pancreatic ductal adenocarcinoma (reviewed in [41).

“Brain-derived neurotrophic factor expression was
shown to be higher in breast cancer samples
compared with normal tissue, and higher levels
of brain-derived neurotrophic factor transcripts
were significantly associated with unfavorable
pathological parameters and adverse clinical
outcomes including poor prognosis and death
from breast cancer.”

Canccl' t_\'PCS in which BDNFII’T&B Signaling possibl}’ Pla}'s a
stimulatory role alse include gastrointestinal and hepatic tumers.
Fﬂr ©xa ITIPIC‘ }ligh mRNA an& Protcin 1CVC|5 OFBDNF WCTIC asso-
ciated with the development and recurrence of tumors in a rat
mOdCI OF hcpatoccl[u]:u’ C.al'cirlclma, and frcatiment wjth BDNF
promoted hepatocellular carcinoma cell proliferation [15]. In
human CDIDrCCtai canccer, two diFFCrCnE SiECS Of thc Tl'kB kinasc
domain (TRKB™! and TRKB"") have been found to be
mutated [17], although the functional significance of these muta-
tions remains unclear (138. We have recently found that BDNF
and TrkE WCrc C'XPICS Scd i" samp]ts Ofspora.dic COIO!‘CCta] adc'nﬂ'
carcinoma, and BDNF protcin levels were higher in colorecral
tumor Samp}cs Compal'cd wil‘l‘! nDn‘nmP]aStiC adjacl:nt l'issu.:. WC
went on to Investigate the function of BDNF/TrkB in colorectal
cancecr 'CC“S. Trcating human HT‘ZH Cci]s With humaﬂ rocom-
binant BDNF prevented the antiproliferative effect of RC-3095,
a synthetic peptide with anti-tumor activity that acts by blocking

gastrin-rcleasing pepride receprors. Converscly, treatment with
K252a resulted in a dosc-dependent decrease in proliferation.
Morcover, HT-29 cells showed an increase in both BDNF mRNA
cxpression and BDNF protein sceretion in respense to treatment
with RC-3095. This increase, which was iikciy mediated b)r a
mechanism requiring EGF receprors, was associated with resist-
ance to RC-3095-induced reduction of cell survival. These find-
ings suggest that increased BDNF/TrkB may play a role in the
progression of colorectal cancer and contribute to resistance to

anti-tumor agents targcting other growth factor receptors [19].
This poss ibilit}' should be further invcsrigatcd.

“ _small-molecule compounds that act as
tropomyosin receptor kinase-B antagonists, or
monoclonal antibodies against either brain-derived
neurotrophic factor or tropomyosin receptor
kinase-B, could be developed as promising novel
therapies for the treatment of some types
of cancer.”

!ﬂlt thc Cc]h.l[ar ICVCI‘ thc Pm-cﬂcogcﬂic actio"s O{:TrkB ma}'
involve a varicty of mechanisms, including downstream activa-
I.EDn Of PrDtCin ki“a&c Pa‘[hw&},’s tl‘la[‘ arc CStainShcd tﬂrgcts in
cancer, such as PI3K, MAPK and PKC [1-s). TrkB has been
Shown o supprcss al‘lDikis (apDPtOsis I‘CSLlh'i ng F[GITI 1055 Df
cell-matrix interactions) through a mechanism dependent on
PI,BKI'IAkt in ﬂonmalignant Cpil‘]‘lcliaj CCLIS‘, an C{ftct assmiam‘d
with the formation of rapidly growing and invasive tumors in
mice (reviewed in [41). Onc possibility that should be further
cxplored is that BDNF/TrkB signaling stimulates angiogenesis.
Rcccl‘ll‘ c\'idcﬂcc Snppo[‘tirlg this Possibility i"c}udcs l‘ht Flnd—
ings b}r I_.am et ﬂ". that Cndothclia] Cclls O\'crcxprcsslng BDNF
contributed to tumor angiogenesis and growth in a mouse model
of liver cancer [201.

Taken together, the evidence suggests that small-molecule com-
pounds that act as TrkB antagonists, or monoclonal antibodics
against cither BDNF or TrkB, could be developed as promising
nD'\"CL thtrapics EDr thc trecatment OFSDITIC typcs O{Cancl:r‘ phasc l
clinical trials of Trk inhibitors have already been carried ou,
and Phasc [T trials are currently underway [3.41. However, further
understanding of the rolc of BDNF/TrkB in cancer, as well as
DF thc cfﬁ:cts GF Pharmacologil:al leCkadC Of BDNF Signﬂling-‘
is clearly nceded. Although Phasc | trials of Trk inhibiters have
Sn.ggcstcd that thc)’ WwCrc wcll tDICl’al:cd, givcn Ihc C.l‘uci.’!l l'clics Df
BDNF in normal nervous system function, it remains to be estab-
lished whether blocking this pathway in an individual would be
clinically acceptable. On the biological aspect, it will be crucial to
nndc rs tal‘ld I'l.Dw Tl'kB Cmss-talks witl'l Othcr grow‘l‘h Factcll' I'CCCP-
tors and interacts with downstream protein kinase pathways in
I'Cgl.Llating Ct" PmIimetion aﬂd [ransfom‘lal‘ion. A-S BDNF!T[LCB
signaling is one among many cxamples of molecular links between
cancer Pl‘Dgl’cssiOn and ﬂcumi dcl‘doprl‘lcnt a"d Plas‘ ic ity, Stud.ics
on BDNF biDIDg:f' in thc "Ormﬂ ncrvous 5}'5":"1 will Cl:l-ntri':lul‘c
o clu.cida.tf its rﬂlc in cancer.
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7 DISCUSSAO

Receptores Tirosina Quinase (RTKs) sdo proteinas de superficie celular
que constituem importantes alvos antitumorais. Apdés a ativagdo de fatores de
crescimento, RTKs estimulam vias intracelulares que controlam a sobrevivéncia e
proliferagdo celular (KRAUSE & VAN ETTEN, 2005). Receptores Tropomiosina
Quinase constituem uma familia de RTKs ativados por neurotrofinas. TrkA, TrkB e
TrkC séao, respectivamente, os receptores para NGF, BDNF, NT 4/5 e NT-3
(BARBACID, 1994).

As fungdes biolégicas da sinalizagdo de neurotrofinas, principalmente,
BDNF / TrkB, foram primeiramente caracterizadas no sistema nervoso central,
onde a secrecdo de BDNF a partir de neurbnios € conhecida por ser essencial
tanto para a formacdo de conexdes sinapticas quanto para a plasticidade
neuronal (YOSHI & CONSTANTINE-PATON, 2010). Mais recentemente, algumas
evidéncias tém indicado que a sinalizagdo ativada por neurotrofinas e seus
receptores também pode desempenhar um papel importante na proliferacdo e
sobrevivéncia de células tumorais, metastases e mecanismos de resisténcia a
quimioterapia, emergindo como um novo alvo terapéutico em diferentes tipos de
céancer.

Mecanismos que regulam a expressédo e secregao de BDNF incluem a
sinalizacdo de GPCRs e fatores de transcricao (HUTCHINSON et al., 2009).
GPCRs desempenham um papel crucial no crescimento tumoral e representam
importantes alvos para o desenvolvimento de drogas anticancer (DORSAM &

GUTKIND, 2007).
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Dentre a superfamilia de GPCRs esta o receptor do Peptideo Liberador de
Gastrina (GRPR), cujo principal ligante em mamiferos é o GRP, um
neuropeptideo da familia da Bombesina. GRPR €& profuso em uma gama de
canceres humanos e desempenha papel fundamental na proliferagdo de células
cancerosas (CORNELIO et al., 2007). E, por isso, antagonistas de GRPR, tal
como RC-3095 e RC-3940 Il tém sido desenvolvidos como potenciais agentes
anticancerigenos (HOHLA & SCHALLY, 2010).

Recentemente mostramos que o RC-3095 aumentou os niveis de NGF na
linhagem celular de cancer colorretal, HT-29 (FARIAS et al., 2009; apéndice 1),
entretanto relagdes entre GRPR e neurotrofinas ainda precisavam ser melhores
estudadas nesta neoplasia. Alias, embora mutagcbes do gene TrkB tenham sido
relatadas em cancer colorretal (BARDELLI et al., 2003; DESMET & PEEPER,
2006), estudos anteriores ndo haviam analisado a expressao e funcao de TrkB e
BDNF em linhagens celulares de cancer colorretal ou em amostras de tumores
humanos.

A possivel interagdo entre a sinalizagdo de GRPR e BDNF / TrkB em
cancer colorretal foi pela primeira vez investigada pelo nosso grupo (FARIAS et
al., 2011, Capitulo 1), onde avaliamos a expressdo de BDNF e TrkB em amostras
de pacientes diagnosticados com cancer colorretal bem como em linhagens
celulares humanas deste tumor. Vimos que os niveis de BDNF foram superiores
em amostras tumorais quando comparadas ao tecido n&o neoplasico dos mesmos
pacientes. Tal constatacdo sugere que BDNF possa atuar como um fator de
crescimento envolvido na progressao de cancer colorretal e que este mecanismo

possa ainda interferir com resisténcia aos tratamentos.
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Neste estudo verificamos também que o tratamento com o antagonista de
GRPR, RC-3095, aumentou a expressao e secrecao de BDNF na linhagem
celular de cancer colorretal, HT-29. Este aumento foi visto apenas na
concentragao intermediaria de RC-3095 (1 nM), enquanto que outras doses de
RC-3095 (0,001 e 1000 nM) nao apresentaram tal resultado. Efeitos similares de
dose-resposta usando RC-3095 em células tumorais tém sido observados em
estudos anteriores (CASANUEVA et al, 1996; FLORES et al., 2008). Cabe
ressaltar, que o RC-3095 na dose de 1 nM também n&o foi capaz de reduzir a
sobrevivéncia celular, quando avaliado pelo ensaio Clonogénico, diferentemente
das demais doses analisadas (RC-3095 0,001 e 1000 nM), indicando que BDNF
possa interferir em mecanismos de protecao tumoral.

No presente estudo, BDNF sozinho ndo apresentou nenhum efeito sobre
as células, todavia, o efeito inibitério de RC-3095 sobre a proliferagcdo de HT-29
foi prevenido pelo cotratamento com BDNF, sugerindo que BDNF haja de forma
mais pronunciada em condicbes onde a proliferagdo ou a viabilidade celular
estejam sendo afetadas.

Consistente com a possibilidade de que a ativacao de TrkB através de
BDNF esteja relacionada a proliferacéo celular, o tratamento com um inibidor de
Trks, K252a, reduziu de forma significativa o numero de células quando
comparado ao controle nao tratado.

Akil e colaboradores (2011) também demonstraram que K252a suprimiu
proliferacdo e sobrevivéncia de células de cancer colorretal, enquanto BDNF

induziu proliferagéo celular. Além disso, evidenciaram que BDNF era sintetizado
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em condigdes de estresse nestas células e que havia superexpressao de TrkB
nesta neoplasia.

Corroborando com nossos resultados, experimentos in vitro utilizando
linhagens celulares de cancer colorretal (Caco-2, DLD1, HT-29 e SW480),
demonstraram que a inibicdo de TrkB diminuiu migragao, invasao e proliferagéo
celular (FUJIKAWA et al., 2012).

Além disso, em nosso trabalho, houve um aumento na expressao de
MRNA de BDNF induzido por RC-3095, em células HT-29, mas nado em SW-620.
A linhagem celular de cancer colorretal humana, SW-620 é EGFR-negativa
enquanto que HT-29 é EGFR-positiva. Por isso, avaliamos o papel de um
anticorpo monoclonal anti-EGFR, cetuximabe, sobre a expressdao de mRNA de
BDNF sozinho ou combinado com RC-3095 em HT-29. Vimos que o cetuximabe
foi capaz de prevenir o aumento da expressao de mRNA induzido por RC-3095,
sugerindo que esse efeito seja mediado por EGFR.

Nossos resultados demonstrando que BDNF previne, e que o antagonista
de Trks, K252a, mimetiza o efeito antiproliferativo de RC-3095, sugerem que a
inibicado da proliferacdo celular in vitro ou do crescimento tumoral in vivo devem
acontecer através do bloqueio combinado entre GRPR e TrkB. Além disso,
nossos resultados indicam que BDNF pode participar de mecanismos de
resisténcia tumoral.

Baseado nisso, propomos um modelo de interagdo entre o bloqueio de
GRPR e a sinalizacdo de BDNF em células EGFR positivas em cancer colorretal.

De fato, na ultima década tem sido demonstrado que GPCRs s&o capazes

de utilizar tanto o Fator de Crescimento Epidérmico (EGF) quanto seu receptor
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(EGFR) como sinalizagao intermediaria para regular o crescimento, diferenciagao
e migragao celular. Neste contexto, a ativacdo de GPCR gera uma liberagéo
subsequente de membros da familia de EGF ou ativagdo de EGFR de maneira
autécrina ou paracrina, em uma variedade de tipos celulares, incluindo cancer. E
por isso, a transativagao de EGFR tem emergido como um novo alvo terapéutico
(LIEBMANN, 2011).

Em carcinoma de células escamosas de cabegca e pescoco ha
superexpressdao de EGFR, porém a monoterapia contra EGFR ndo tem
demonstrado efeitos antitumorais significativos. Entretanto, os efeitos combinados
com um antagonista de GRPR a um inibidor de EGFR demonstraram um efeito
antitumoral mais pronunciado neste tipo de tumor (ZHANG et al., 2007).

Além disso, muitos estudos tem abordado ao longo dos anos, o papel de
Bombesina / GRP com EGF em muitos tipos tumorais, mostrando que Bombesina
estimula o crescimento tumoral pela amplificacdo da fosforilagdo de EGFR
(LIEBOW et al., 1994), assim como em células de cancer de pulmao, onde GRP
induziu a ativagdo de EGFR (THOMAS et al., 2005) e, Neuromedina B (NMB)
também causou transativagdo a EGFR (MOODY et al., 2010).

Os nossos resultados forneceram a primeira evidéncia de que BDNF / TrkB
possa desempenhar um papel na progressdo de cancer colorretal e esteja
envolvido em mecanismos de resisténcia a drogas antitumorais atuando em
conjunto a GPCRs.

Nos ultimos anos os estudos concentraram-se em caracterizar os
mecanismos moleculares envolvidos na resisténcia adquirida ao tratamento com

anticorpos monoclonais anti-EGFR. Em céancer colorretal, estes mecanismos
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incluem mutagbes em KRAS e BRAF que podem compensar o bloqueio de
EGFR, através do estimulo de MAPK (BARDELLI & JANNE, 2012). Mas é
provavel que tal resisténcia também possa ser mediada por RTKs, como por
exemplo, HER2 (BERTOTTI et al., 2011).

A identificagdo dos mecanismos adicionais de resisténcia pode revelar
novos caminhos para aumentar a efetividade de inibidores de EGFR, e fornecem
uma base racional para a investigacdo de combinagbdes de agentes inibindo
BDNF / TrkB em conjunto com um inibidor de EGFR, cetuximabe (capitulo 2).

Investigamos entdo a expressdao de mRNA de BDNF e TrkB apés 10 h de
tratamento com cetuximabe. Vimos que a dose de cetuximabe capaz de inibir a
proliferagdo das células HT-29 (10 nM) reduziu cerca de 50 % as expressdes de
MRNA de BDNF e TrkB, enquanto que a dose de cetuximabe 0,1 nM nao
demonstrou 0 mesmo resultado, sugerindo que o efeito inibitério de cetuximabe
em células de cancer colorretal possivelmente envolva a inibicdo de BDNF / TrkB.

Outros estudos haviam evidenciado que niveis elevados de BDNF
aumentam a sobrevivéncia de células de neuroblastoma sob condicbes de
reducdo de fatores de crescimento ou sob a exposicdo a agentes citotoxicos
(NAKAGAWARA, et al., 2001; THIELE et al., 2009). Assim como demonstrado em
feocromocitomas, onde células que expressaram apenas TrkA apresentaram
resisténcia a Doxorrubicina e Cisplatina in vivo, mas células que coexpressaram
TrkA e p75N™R demonstraram maior sensibilidade ao tratamento (BASSILI et al.,
2010).

Em nosso trabalho avaliamos ainda a adicdo de BDNF humano

recombinante (10 ng / ml) a cetuximabe em células HT-29, e identificamos que
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BDNF nao so6 foi capaz de bloquear o efeito induzido por cetuximabe (10 nM)
quanto também foi capaz de induzir proliferagdo celular, quando avaliado pelas
técnicas de contagem celular por exclusdo com azul de Tripan, MTT ou ensaio
clonogénico. Os resultados evidenciam que BDNF protege as células de cancer
colorretal dos efeitos inibitorios de cetuximabe.

Com os achados anteriores que reforcaram a ideia de que haja uma
relacdo entre EGFR e Trks, examinamos se o bloqueio de TrkB poderia
potencializar o efeito de cetuximabe. Para tanto, as células HT-29 foram tratadas
com uma dose nao efetiva de cetuximabe (0,1 nM) ou uma dose ineficaz de um
inibidor n&o seletivo de Trks, K252a (10 nM) ou ambos, seguido pela adigao de
BDNF (10 ng / ml), através da técnica de MTT. Cetuximabe ou K252a isolados
nao afetaram a proliferacédo celular, porém quando administrados em combinacao
reduziram a proliferagao celular. Entretanto, este efeito foi completamente abolido
pela adicdo de BDNF, que por si s6 ndo afetou a proliferagdo. Este resultado
sugere que a inibicdo de TrkB pode potencializar o efeito inibitdrio de cetuximabe
em cancer colorretal.

Nossos resultados forneceram a primeira evidéncia de que a resisténcia a
cetuximabe em cancer colorretal, pode estar relacionada com a sinalizagdo BDNF
/ TrkB / EGFR, sugerindo que BDNF / TrkB possa se tornar um potente agente
antitumoral, assim como muitos alvos moleculares que emergiram de estudos
laboratoriais, incluindo imatinibe, gefitinibe, trastuzumabe e cetuximabe, que
ilustram a potencialidade terapéutica de fatores de crescimento e seus receptores.

Em neuroblastoma, mecanismos de quimioresisténcia e aumento na

expressédo de BDNF e TrkB sado marcadores de pior prognéstico. Nesta neoplasia,
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BDNF protegeu as células do tratamento com Etoposide in vitro, assim como
tumores que superexpressavam TrkB foram menos sensiveis ao tratamento com
Etoposide in vivo (LI et al., 2011). Aléem disso, as vias de MAPK e PI3K estiveram
envolvidas na protecdo de BDNF contra a morte celular induzida por Paclitaxel,
enquanto que PI3K predominantemente mediou a protecdo de BDNF ao
tratamento com Etoposide e Cisplatina em células de neuroblastoma, indicando
que diferentes quimioterapicos induzem vias de sinalizagcado distintas e utilizam
diferentes fatores de crescimento para modular efeitos de quimioterapia (LI et al.,
2007).

Em carcinoma de células escamosas de cabega e pescogo, houve um
aumento da regulagdo de BDNF / TrkB, e a estimulagdo de BDNF exdgeno levou
a um aumento da expressdo de proteinas envolvidas em mecanismos anti-
apoptoticos e de resisténcia a farmacos (LEE et al., 2012).

Estas evidéncias sugerem que compostos de pequenas moléculas que
atuem como antagonistas de TrkB, ou anticorpos monoclonais contra BDNF ou
TrkB, poderiam ser desenvolvidas como promissores novos alvos para o
tratamento de alguns tipos de cancer. Ensaios clinicos de fase | utilizando
inibidores Trk ja foram realizados, e ensaios de fase |l estdo atualmente em
andamento (DESMET & PEEPER, 2006; THIELE et al., 2009).

Embora muito se falasse de uma possivel dificuldade de administragao de
inibidores de neurotrofinas em pacientes, devido as inumeras fungcdes que esta
familia de fatores de crescimento desempenha, principalmente na plasticidade e

sobrevivéncia de neurbnios, 0os ensaios clinicos de fase | demonstram que os
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inibidores Trks foram bem tolerados, e ndo causaram mudancgas neuronais e
cognitivas nos individuos (HONDERMARCK, 2012).

Uma gama de compostos anti neurotrofinas e seus receptores, como por
exemplo, tanezumab, anti-NGF da Pfizer ou lestaurtinibe, anti-Trks da Cephalon
tem sido desenvolvidos e testados, e parecem emergir como promissoras drogas
analgésicas e terapéuticas (HONDERMARCK, 2012). No entanto, € necessaria
uma melhor compreensao do papel do BDNF / TrkB em cancer, bem como seus
efeitos farmacologicos (ROESLER et al., 2011).

Além disso, HONDERMARCK (2012) sugere uma potencial aplicagao
clinica de neurotrofinas e seus receptores como biomarcadores diagndsticos e
prognésticos em cancer de mama, onde ha superexpressdo de neurotrofinas no
tecido tumoral, mas nao no tecido sem alteragdes.

Sendo assim, a avaliacdo de TrkB e também de GRPR, e uma possivel
correlagao entre estes receptores, em pacientes com cancer colorretal esporadico
e hereditario, tornou-se importante. Nossos resultados (capitulo 3) né&o
demonstraram diferengas cruciais entre os grupos Amsterdam |, Bethesda e
grupo esporadico. Além disso, a expressao de TrkB ou GRPR nos tecidos
adjacente n&o neoplasico e tumoral ndo apresentaram relagbes com os aspectos
clinico-patologicos. Isso pode ter ocorrido devido ao numero amostral utilizado
para a realizacdo do estudo, onde apenas 67 amostras foram analisadas.
Entretanto, observamos diferenga siginificativa entre sobrevida global e expressao
de TrkB no tecido adjacente ndo tumoral, onde os pacientes que n&o

expressaram TrkB tiveram pior prognaostico.
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Foi realizada neste estudo ainda, a analise da correlagéao entre a expressao
de TrkB e GRPR, onde encontramos uma correlagao positiva entre TrkB e GRPR
no tecido adjacente nao tumoral mas nao no tecido tumoral. Tal dado pode indicar
que um desequilibrio no tecido tumoral entre a expressao de TrkB e GRPR possa
ser fundamental para o inicio e desenvolvimento da neoplasia. Portanto,
pretendemos investigar a expressao de TrkB e GRPR em uma populagdo maior
de pacientes com cancer colorretal.

Fujikawa e colegas (2012) investigaram também, a associagdo da
expressao de receptores Trks com aspectos clinicos de pacientes com cancer
colorretal, avaliando a participacdo de moléculas de transicdo epitélio-
mesenquimal (E-caderina). Relataram que altos niveis de TrkB estiveram
relacionados a piores progndésticos em contraste a pacientes com baixos niveis de
TrkB (avaliagao realizada em 102 amostras pelas técnicas de imunohistoquimica
e PCR). E encontraram ainda, uma correlagdo inversa entre os niveis de E-
caderina e a expressao protéica e de mRNA de TrkB.

Nossos resultados em cancer colorretal, até o presente momento, indicam
que BDNF / TrkB estdo associados a proliferacido, viabilidade e sobrevivéncia
tumoral, assim como em mecanismos de resisténcia ao tratamento de
cetuximabe. Por isso, anticorpos contra BDNF / TrkB podem representar uma

nova estratégia ao tratamento desta neoplasia.
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8 CONCLUSOES

BDNF e TrkB sao expressos em amostras de céancer colorretal e em

linhagens celulares;

Tecidos de cancer colorretal apresentaram niveis mais elevados de BDNF
em relagdo aos tecidos adjacentes nado-neoplasicos dos mesmos

pacientes;

Expressao e secrecao de BDNF aumentaram em resposta ao bloqueio de

GRPR em linhagens celulares de cancer colorretal,

RC-3095 inibiu a proliferacado celular de HT-29, e este efeito foi prevenido

pelo cotratamento com BDNF;

RC-3095 aumentou a expressdo de mRNA de BDNF, e este efeito foi

prevenido por cetuximabe apenas em células EGFR-positivas;

O tratamento com K252a diminuiu a proliferagao celular;

RC-3095 n&o afetou a secrecdo de BDNF de células EGFR-negativas (SW-

620);

RC-3095 pode inibir a sinalizagao celular de GRPR e levar a um aumento
da expressao e secrecao de BDNF por um mecanismo dependente de

EGFR;

O tratamento com cetuximabe reduziu a expressao de mRNA de BDNF e

TrkB na linhagem celular de HT-29;



87

BDNF protegeu os efeitos antitumorais de cetuximabe em células HT-29;

Cetuximabe combinado a K252a inibiu sinergicamente a proliferacao

celular de HT-29;

Pacientes que nao expressaram TrkB no tecido adjacente n&o tumoral

tiveram pior progndstico, em relagdo a analise de sobrevida global;

Houve correlagdo positiva entre TrkB e GRPR no tecido adjacente nao
tumoral, entretanto ndo observou-se esta correlagcdo entre a expressao de

TrkB e GRPR no tecido tumoral de pacientes com cancer colorretal,

E, RC-3095 aumentou os niveis de NGF em células HT-29.
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9 PERSPECTIVAS

O presente trabalho impulsiona a continuidade de estudos do papel de
neurotrofinas em cancer colorretal, buscando uma possivel aplicacao
translacional destes achados no futuro.

Como perspectivas desta linha de pesquisa, pretendemos avaliar a
interacdo de BDNF/TrkB ao Fator de Crescimento Vascular Endotelial (VEGF da
sigla em inglés de Vascular Endothelial Growth Factor), pois estudos recentes
sugerem que a estimulacdo de angiogénese pode ser importante para a
sinalizacdo de neoplasias. Lam e colegas (2011) demonstraram que células
endoteliais que superexpressavam BDNF tiveram maior capacidade de
angiogénese tumoral. Além disso, em cancer de ovario, NGF aumentou a
expressado de VEGF, sugerindo que o bloqueio de neurotrofinas possa ter valor
clinico neste tipo de neoplasia (CAMPOS et al., 2007).

Para o melhor entendimento da biologia de céncer colorretal, torna-se
fundamental o estudo da interacdo de BDNF/TrkB a farmacos com mecanismos
de acao distintos. Por exemplo, sabe-se que enquanto cetuximabe bloqueia a
ligacdo de EGF ao seu receptor, impedindo a ativagdo da cascata de sinalizagao
celular, oxaliplatina € um agente alquilante, que impede a sintese de DNA. Por
isso, pretendemos avaliar o papel de neurotrofinas a oxaliplatina.

Além disso, a fungdo de células-tronco tumorais tem sido cada vez mais
investigada. Geralmente, estas células exibem maior capacidade de proliferagao,
maior potencial de diferenciagdo e especialmente, maior habilidade de

tumorigénese, além de possuirem quiescéncia relativa e maior resisténcia a
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farmacos e radioterapia (WILLIAMS 2012). Algumas destas caracteristicas foram
demonstradas em nossos estudos através da sinalizacdo de BDNF/TrkB,
indicando um racional para avaliagao de neurotrofinas em células tronco tumorais,
tanto de linhagens celulares quanto em células isoladas a partir de bidpsias de
pacientes diagnosticados com cancer colorretal. Onde, ainda, o silenciamento de
BDNF pode representar uma ferramenta terapéutica util para estes tumores.

Cabe ressaltar, que nossos resultados forneceram evidéncias para
submissdo de dois pedidos de patentes ao INPlI e que ao longo do
desenvolvimento deste trabalho a autora, juntamente com outras duas sdcias,
fundou a empresa Ziel Biosciences, atualmente situada na Incubadora
Empresarial do Centro de Biotecnologia da Universidade Federal do Rio Grande

do Sul, com o intuito de desenvolver produtos inovadores na area de oncologia.
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Reduced NGF Secretion by HT-29 Human Colon Cancer Cells Treated

with a GRPR Antagonist
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Abstract: The gastrin-releasing peptide receptor (GRPR) 15 a therapeutic target in colon cancer. Here we show that the
GRPR antagonist RC-3095 (10']._ 105, or 1 uM) decreases nerve growth factor (NGF) secretion measured by enzyme-
linked immunosorbent assay (ELISA) in HT-20 human colon carcinoma cells. The results suggest that decreased secretion
of neurotrophins might be a novel mechanism by which GEPE. antagonists exert their antiproliferative effects in cancer

cells.

Kevwords; Gastrin-releasing peptide receptor, RC-3095, nerve growth factor, colon cancer.

INTRODUCTION

The rational targeting of specific growth factor receptors
on tumers is one of the most promismng strategies for the
development of novel drugs for the treatment of colon can-
cer. Gastrin-releasmg peptide (GRP) 1s a mammalian bomb-
esin (BB)-like peptide that acts as a major autocrine growth
factor i several human cancers. Aberrant expression of both
GRP and its receptor (GRPR) has been reported in many
types of tumeors, mcluding colon cancer (for recent reviews,
see [1, 2]). These findings have led to the development of
selective GRPR antagonists as a potential new class of tar-
geted drugs for the treatment of colon cancer [3, 4]. The mo-
lecular mechanisms underlying the antiproliferative effects
of GRPR antagonists i colon cancer remain poorly under-
stood. Possible mechanisms mclude inhibition of protem
kinase signaling pathways (reviewed m [1. 2) and decreased
expression of epidermal growth factor receptors (EGFR) [4].

The nevrotrophin nerve growth factor (NGF) 15 well
known for stimulating neuronal survival and growth. Ewi-
dence indicates that NGF might also act as an autocrine mi-
togen for breast and prostate cancer cells [5. 6]. Because
NGF secretion by cancer cells might mvolve cellular mecha-
nisms that are affected by GRPR activation, such as the pro-
temn kinase C (PKC) pathway [7]. 1t 1s possible that the ac-
tions of GRPR antagomists imvolve altering NGF release
from cancer cells. In the present study, we examined the ef-
fects of a GRPR antagonist on NGF secretion from colon
cancer cells in vitro.

*Address commespondence to this author at the Department of Pharmacology.
Institute for Basic Health Sciences, Federal University of Rio Grande do
Sul, Rua Sanmento Leite, 500 (ICBS, Campus Centro/UFRGS), 90046-200
Porto Alegre, RS (Brazil); Tel: +35 51 3308 3183; Fax: +53 51 3308 3121;
E-mail: moesleraterra com br

0929-53665/09 $55.00+.00

MATERIALS AND METHODS

HT-29 human colon carcmoma cells (American Type
Culture Collection. USA) were seeded (7 X 103 cells per
well) m 96-well polystyrene tissue-culture-treated flat-
bottom muicrotiter plates (TPP, Switzerland) m RPMI me-
dum, supplemented with 10% fetal bovine serum (Sorali.
Brazil). gentamicin (4 mg/ml Nova Pharma, Brazil), and
fungizone (250 mg'kg, Invitrogen. Brazil) i a humidified
atmosphere contaming 5% CO; at 37 °C. The cells were
treated with the GRPR antagonist RC-3095 a1 107, 10 or 1
uM [3, 4. 8] for 24 or 48 h. We have previously shown that
RC-3095 at that concentration range mhibats proliferation of
HT-29 cells in vitro [B].

Either 24 or 48 h after treatment. the supernatant was
removed and NGF levels were measured by enzyme-linked
immunosorbent assay (ELISA: (ChemiKine, cat. no.
CYT304) according to the manufacturer’s instructions.
Briefly. supernatants were added to microtiter plates for 24
b The standard curve was prepared with samples diluted 1:2
m sample diluent. Plates were then washed four times with
sample diluent before adding anti- NGF monoclonal antibody
diluted 1:1000 in sample diluent and incubated for 3 h at
room temperature. After washing, wells were incubated with
1:1000 anti-rabbit peroxidase conjugated antibody for 1 h at
room temperature. After addition of streptavidin enzyme,
substrate. and stop solution, NGF concentrations were de-
termined at 450 nm.

Data are shown as mean + SEM concentration of NGF.
Differences between mean values were evaluated by one-
way analysis of variance (ANOVA) followed by Tukey post-
hoc tests. In all comparisons. p < 0.05 was considered to
indicate statistical significance.

© 2009 Bentham Science Publishers Lid.
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RESTULTS AND DISCUSSION

Treatment with RC-3095 mduced a discrete but signifi-
cant decrease in NGF levels secreted by HT-29 cells. Analy-
sis with Tukey tests showed that RC-3095 at 107 or 1 pM
significantly reduced NGF levels (both Ps < 0.05 compared
to control cells), whereas the concentration of 10 had no
effect (P = 0.35) (Fig. 1. upper panel). At 48 h after addition
of RC-3095. NGF levels were significantly reduced by RC-
3095 at all concentrations used (10 pM. P = 0.05; 10~ pM.
P=0.01;and 1 uM P < 0.01 as compared to controls) (Fig.
1. lower panel).
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Figure 1. The GRPR antagonist RC-3095 inhibits NGF secretion
by HT-2¢ human colon carcinoma cells in virro. NGF levels were
assessed by ELISA after either 24 (upper panel) or 48 (lower panel)
h after treatment. Data are mean + SEM NGF levels expressed in
pe/ml of culture supematant; N=4 (24 h-peniod) and 7 (48 h-period)
experiments performed in triplicate: * p < 0.05 and ** p < 0.01
compared to control cells.

Our results indicate that HT-29 colon cancer cells are
capable of secreting NGF. Although this finding suggests
that NGF might act as a stumulator of cell proliferation in
colon cancer. further experiments are required to examine its
effect on colon cancer cell proliferation. A potential caveat
of this finding is that the reduced NGF levels observed are
related to a reduced number of viable cells, smce RC-3095
has been shown to inlibit proliferation of HT-29 cells in
vitro [8]. However, RC-3095 produced a decrease i NGF
levels at 107 pM, a concentration that does not affect prolif-
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eration of HT-29 cells [8]. In addition, cells grown under
serum-free conditions (which decreases the number of cells)
had no sigmificant differences m secreted NGF levels com-
pared to control cells grown with serum (data not shown).
wmdicating that the differences m NGF levels observed in our
experiment could not be attributed to a reduction in the num-
ber of cells.

The apparent inverted U-shaped dose-response pattern
for the effect of RC-3095 on NGF secretion 1s consistent
with previous experiments examining the effects of different
doses of RC-3095 on the growth of HT-29 and glioma cells
in vitro [8. 9] This pattern of effects has been attributed to a
possible mtrinsic agonist activity of higher doses of peptide
GRPR antagonists on the receptor [9, 10].

The present results provide preliminary evidence suggest-
mg that mhibition of neurotrophin production and secretion
might be a novel mechanism mvolved in the antiproliferative
and antimorphogenic actions of GRPR antagonists in cancer
cells. In light of this finding. further research should aim at
elucidating the role of neurotrophing m mediating GRPR-
elicited responses i cancer cells.
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Abstract. Neuropeptide and neurotrophin receptors are increas-
ingly important molecular targets in cancer. Scientific findings
indicate that compounds blocking gastrin-releasing peptide
receptors (GRPR) or tropomyosin receptor kinase (Tik) recep-
tors are likely to have antiproliferative activities against cancer
cells. The present study aimed to demonstrate that, in contrast
to previous findings, GRPR activation reduces, whereas its
blockade increases the viability of breast, ovarian and cervical
cancer cell lines. However, consistent with previous studies,
Tik inhibition was demonstrated to reduce the viability of these
cells. MICF-7 (breast), OVCAR-3 (ovarian) and Hel a (cervical)
human cancer cell lines were treated with GRP. the GRPR antag-
onists RC-3095 and RC-3940-I1, brain-derived neurotrophic
factor (BDNF) and the Trk antagonist K252a. Cell viability
was measured by the MTT assay. Expression of GRPR and
BDNF was confirmed with reverse transcription-polymerase
chain reaction (RT-PCR). GRP reduced, whereas RC-3940-I1
enhanced the viability of the three cell lines. Treatment with
K252 inhibited the viability of the cell lines, while BDNF
increased the viability of OVCAR-3 cells. The results supported
the hypothesis that GRPR and BDNFE/TikB signaling regulates
cancer cell viability. Most importantly. these findings are the
first to demonstrate that GRPR blockade can stimulate, rather
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than inhibits the viability of breast and gynecologic cancer cell
lines.

Introduction

Increasing evidence indicates that neuropeptide and neuro-
trophin receptors and their lipands may be overexpressed
in cancer cells and are involved in cell survival and growth.
Neuropeptide receptors aberrantly expressed in several human
cancers include the gastrin-releasing peptide receptor (GRPR).
activated in mammals by the bombesin-like neuropeptide
eastrin-releasing peptide (GRP). GRPR activation has been
shown to stimulate cancer cell proliferation. whereas GRPR
antagonists to reduce tumor growth in a range of experimental
cancer models (1.2). In gynecologic cancers, GRPR is likely
to be highly expressed in breast, ovarian and cervical tumors,
as well as in breast cancer cell lines. whereas ifs expression is
low or absent in non-neoplastic tissue and healthy cells (1,3-8).
The pharmacological blockade of GRPR by synthetic peptides
acting as selective antagonists (RC-3940-II, RC-3095) has
been shown to reduce human breast and ovarian tumor growth
xenografted into nude mice (9-11).

Additional growth factor receptors increasingly implicated
in tumeor progression include tropomyosin receptor kinase
(Trk) receptors. Trks are receptor tyrosine Kinases activated
endogenously by newnrotrophins. TrkA, TrkB and TikC
are the preferred receptors for nerve growth factor (NGF),
brain-derived neurotrophic factor (BDNF) and neurotrophin-3
(NT-3), respectively (12). Increased BDNF and TrkB expres-
sions have recently been found in several human tumors
(13-15). BDNF/TrkB promote cancer cell survival and
resistance to chemotherapy. while small-molecule inhibi-
tors of Trk, such as K252a, inhibit cell growth and induce
apoptotic death in cancer cells (16-19). TrkB expression has
been described in ovarian and cervical cancers (20,21), while
being associated with a shorter survival and the promotion of
metastasis in ovarian cancer patients (20). In addition, studies
using ovarian cancer cells indicated that TrkB is involved
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in cell proliferation,. migration and suppression of anoikis
(22.23). In breast cancer. BDNF expression has been shown
to be higher in tumor samples compared to non-neoplastic
tissues, while BDNF transcript levels have been associated
with unfavorable pathological parameters and adverse clinical
outcomes (24). Moreover, BDNF has been shown to induce
resistance to apoptosis in breast cancer cells, while injection of
an anti-BDNF antibody has been proven to reduce the growth
of breast tumors Xenografted in mice (25).

The present study aimed to explore the effects of GRPR
and TrkB ligands on the viability of human breast, ovarian
and cervical cancer cells in vifro. Notably, under the experi-
mental conditions used in this study. GRP produced a small.
but statistically significant reduction of cell viability, whereas
the RC-3940-IT-induced GRPR blockade led to a statistically
significant increase in cell viability. In addition, K252 a-induced
Trk inhibition was found to have reduced cell viability.

Materials and methods

Cell culture and treatments MCF-7 OVCAR-3 andHeLahuman
cells were obtained from the American Type Culture Collection
(Rockville, MD, USA). The cells were plated in 96-well plates
(TPP) at a density of 4, 7 and 3x10° cells/well in sextuplets,
respectively, and then cultured and maintained in Dulbecco's
modified Eagle's medium (DMEM: Gibco-BRL, Carlsbad, CA.
USA) (MCF-7 and HeLa cells) and RPMI-1640 (Gibco-BRL)
(OVCAR-3 cells), containing 2% (w/v) LH-glutamine and
10% (v/v) fetal bovine serum (FBS; Sorali, Campo Grande,
Brazil). For the experiments GRP treatment was used, whereby
cells were starved for 24 h in medium supplemented with 05%
serum medium and then treated with human recombinant GRP
(0.001,001.01, 1 or 10 peM: Sigma-Aldrich, St. Louis, MO,
USA). For other treatments, 24 h after medium and serum addi-
tion, the cells were treated with the GRPR antagomnist fD-'I‘pi°=
Leu® psi(CH,NH)-Leu'*] bombesin (RC-3095: 0.001. 0.01,
0.1, 1 or 10 pM: Zentaris GmbH, Frankfurt. Germany). the
GRPR antagonist [Hea®, Leu™ psi(CH,N)-Tacl4-bombesin™]
(RC-3940-11: 0.01.0.1. 0.5, 1 or 5 uM; Zentaris GmbH) (10),
human recombinant BDNF (1. 10 or 100 ng/ml; Sigma-Aldrich)
or K252 (0.01, 0.1 or 1 M, Sigma-Aldrich). The cells were
kept at a temperature of 37°C, in a minimum relative humidity
of 95% and an atmosphere of 5% CO, in air.

MTT assay. The cell viability was measured using
3-(4.5-dimethylthiazol-2-y1)-2 5-diphenyl tetrazolium bromide
(MTT: Sigma-Aldrich) 48 h subsequent to treatment. Eleven
microliters of MTT 5 mg/mi solution were added to each well
of the plate, followed by incubation for 4 h at 37°C. The plate
was left at room temperature until completely dry. Dimethyl
sulfoxide was added and the absorbance was measured at
492 nm in a multiplate reader. The experiments were performed
at least in triplicate.

Reverse transcripfion-polymerase chain reaction (RT-PCR).
Total RNA was extracted from MCF-7, OVCAR-3 and
HeLa cells using TRIzol reagent (Invitrogen. Carlsbad, CA.
USA), in accordance with the manufacturer's instructions,
and reverse transcribed with SuperSeript® III First-Strand
Synthesis SuperMix® (Invitrogen). The human BDNF and

GRPR primers were designed according to the corresponding
GenBank sequence. The forward and reverse primers used for
RT-PCR amplification are shown in Table I. The PCR expern-
ments were carried out with 1.5 mM MgCl,, 0.1 M for each
primer, 0.2 mM dNTPs. 0.5 M betain (only to BDNF primers),
1 unit Taq Platinum® (Invitrogen) and 2 u1 cDNA template_
The expression of f-actin was measured as an internal control
using the primers shown in Table I. The PCR reaction was
performed in a total volume of 20 x1 using a concentration
of 0.04 mM dNTPs, 0.2 units Taq polymerase in the supplied
reaction buffer, 0.3 mM MgCl, and 10 pmol of each primer.
Amplification conditions consisted of 1 min at 95°C followed
by 35 cycles of denaturation at 94°C for 30 sec. annealing
at 59°C for 30 sec. extension of primers at 72°C for 45 sec.
followed by a final extension at 72°C for 10 min. The prod-
ucts of BDNF (362 bp), GRPR (190 bp) and f-actin (190 bp)
were electrophoresed through 2% agarose gels, stained with
ethidium bromide and visualized under ultraviolet illumina-
tion (17.26,27). Each experiment was performed twice using
RINA 1solated from two independent cell cultures.

Statistical analysis. Data were shown as the mean + SEM.
Differences between the mean values were evaluated by
one-way analysis of variance followed by Tukey post hoc tests,
when appropriate. In the comparisons, P<0.05 was considered
to indicate a statistically significant difference.

Results

GRFR activation reduced, whereas GRFR blockade increased
the viability of MCF-7, OVCAR-3 and HeLa cells. Treatment
with recombinant GRP induced a small (range, 11.3-36 0%).
yet statistically significant reduction of cell viability in the three
cell lines studied (Fig. 1A). Viability was reduced by GRP at all
the doses used in MCF-7 cells, with the exception of 0.001 pM
in OVCAR-3 cells and only at 1 M in HeLa cells (Fig. 1B).
The GRPR antagonist RC-3940-II led to increases ranging
from 2001 to 476 8% in the viability of all three cell lines, at all
doses used, with the exception of the 0.01 xM in OVCAR-3 and
the 5 uM in HeLa cells. The less potent (10) GRPR. antagonist
RC-3095 demonstrated an increase of ~24% 1n the viability of
OVCAR-3 cells, however, no statistically significant effect was
observed 1n OVCAR-3 or HeLa cells (Fig. 1C). Given these
negative findings, RC-3095 in MCF-7 cells was not tested.
These results indicated that GRPR activation reduced. whereas
GRPR blockade increased the viability of MCF-7. OVCAR-3
and HeLa cells.

Trk inhibition reduced the viability of MCF-7, OVCAR-3 and
HelLa cells. Treatment with BDNF had no significant effect on
cell viability, except for a small effect at a dose of 1 ng/ml in
OVCAR-3 cells (Fig. 2A). The Trk inhibitor K252a demon-
strated a notable inhibitory effect on cell viability (ranging
from 13.5 to 44 6%). at a dose of 1 M 1in the three cell lines.
and at a dose of 0.01 M in MCF-7 cells (Fig. 2B). These results
indicated that Trk inhibition reduced the viability of MCF-7.
OVCAR-3 and HeLa cells in a dose-dependent manner.

GRPR and BDNF expression in MCF-7. OVCAR-3 and
HeLa cells. RT-PCR analyses demonstrated that MCF-7,
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Table I. Forward and reverse primers used for RT-PCR amplification.

Gene Primer sequences PCR product size (bp)
GRPR Forward: 3'-CAAGATCTTCTGCACGGTCA-3 190
Reverse: 3-TCAGTTTGCAGCCAATTCTG-3'
BDNF Forward: 3-GCGTGAATGGGCCCAAGGCAGG-3 362
Reverse: 3-TGTGACCGTCCCGCCCGACATG-3'
p-actin Forward: 5-AAACTGGAACGGTGAAGGTG-3' 190
Reverse: 3-AGAGAAGTGGGGTGGCTTTT-3
A GRP (M) A BONF (ngimi) o
1 108 1 ail
= 3 * w00
o L
'§' PR 'E
oA o
5 - 5
2 £
& 2
> >
8 )
MCF-7 OVCAR-3 "OVCARZ | Hela
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s " 1209 8001
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Figure 2. Trk inhibition reduces the viability of human breast, ovarian and
C RC-3095 (uM) Q0001 cervical cancer cell lines in vitro. MCF-7, OVCAR-3 and Hel a cells were
160 2001 treated with (4) human recombinant BDNF (1. 10 or 100 ng/ml) or (B) K252n
s RC-3940-11 (0.01, 0.1 or 1 pM). Cell viabality was measured using an MTT
] assay, as deseribed in Materials and methods. Data are the mean + SEM of
£ 3-4 different experiments performed in 4-6 wells each. The mean value for
8 the control cells was taken as 100%; "P<0.05 and ""P<0.001 compared to the
B 10 control cells.
£
Z
3
=
>
= 40 =362 bp
E MCF-7 -180 bp
20
= =362 bp
0 OVCARS OVCAR-3 -190bp
Figure 1. A GRPR agonist reduces, whereas a GRPR antagonist increases Hela _i:::p
- P

the viability of hwman breast. ovarian and cervical cancer cell lines in vitro.
MCF-7, OVCAR-3 and HelLa cells were treated with (A) human recombinant
GRP(0.001,0.01,0.1, 1 or 10 pM); (B)RC-3940-T1(0.01,0.1,0.5, 1 or 5 pM) and
(C) RC-3095 (0.001, 0.01, 0.1, 1 or 10 M) RC-3095 was tested in OVCAR-3
and Hel a cells only. Cell viability was measured using an MTT assay, as
described in Materials and methods. Data are the mean + SEM of 3-5 different
experiments performed in 4-6 wells each. The mean value for the control cells
was taken as 100%; "P<0.05, "P<0.01 and ""P=0.001 compared to control cells.

p-actin GRPR BDNF

Figure 3. RT-PCR analysis of GRPR and BDNF mENA expression in MCF-7,
OVCAR-3 and Hel.a human cancer cells is shown. RNA was extracted from
the cells and RT-PCR analysis was performed, as described in Materials and
methods. Transeript sizes of 190 and 362 bp were identified, representing
fragments of GRPR and BDNF. respectively.
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VCAR-3 and HeLa cells showed an mRNA expression for
both GRPR and BDNF. Transcript sizes of 190 and 362 bp,
representing fragments of GRPR and BDNF, respectively,
were 1dentified 1n the cells (Fig. 3).

Discussion

The most important finding of the present study is that. in
contrast to findings of previous studies (1.2.9-11), pharma-
cological blockade of the GRPR exhibited an enhancing,
rather than an inhibitory action on cancer cells, whereas GRP
decreased cell viability. In addition, Trk inhibition was found
to reduce the viability of the breast, ovarian and cervical
cancer cell lines used. although treatment with BDNF did not
alter cell viability.

GRPR antagonists have been previously shown to reduce
experimental breast and ovarian tumor growth in vive (9-11).
However, the effects of the GRPR agonists and antagonists
on cancer cell growth depends markedly on specific cell
culture and experimental conditions. Consistent with these
hypotheses. Yano et al (28) found that bombesin (showing a
GRPR agonistic action comparable to that of GRP) at doses
ranging from 0.001 to 1 M stimulated, while RC-3095 at
doses between 0.01 and 10 uM inhibited the proliferation of
human breast cancer cell lines only when cells were cultured
in heat-inactivated and dextran-coated charcoal-treated
FBS (DCC-EBS). but not in the presence of untreated FBS_
Additionally, MCE-7 cells failed to respond to bombesin or
RC-3095 in the presence of either FBS or DCC-FBS. The
authors of that study suggested that bombesin-like peptides
or other growth factors present in the culture medium may
compete with GRPR ligands, thus altering the cell response
to the treatments. Authors of other studies (29) found that
bombesin failed to affect MCF-7 cell proliferation. although
the cells expressed GRP binding sites, while bombesin
stimulated calcium mobilization and inositol lipid hydrolysis.
Discrepancies among different studies might be due to differ-
ences in cell clones, cell culture conditions and methods used
to assess proliferation and viability (e.g., trypan blue dye
exclusion vs. MTT) in different laboratories.

In a previous study using Neuro2A mouse neuroblas-
toma cells, a lower dose of RC-3095 was found to reduce,
while a higher dose to increase cell viability (30). Notably,
in experiments examining cancer cell growth (27.30.31). as
well as in other experimental models (32-34), GRPR. agonists
and antagonists often show drug-response patterns, in
which intermediate doses have more pronounced biological,
whereas higher doses have no or even contrary effects.
Moreover, the lack of a significant effect of RC-3095 in the
present study might be owed to its lower potency compared
to RC-3940-II. The latter has been shown to inhibit cancer
cell proliferation at lower dose ranges, and was more effec-
tive compared to RC-3095, in inhibiting experimental breast
cancer cell growth (10). Taken together. these data raise the
possibility that GRPR agonists and antagonists have highly
varying effects depending on the dose and the presence of
endogenous GRP, as well as other factors in the tissue micro-
environment, with potential implications of their effects
in vivo 1n both experimental animals and patients undergoing
clinical studies.

Although several molecular mechanisms downstream of
GRPR activation have been described and proposed to mediate
GRPR-induced cancer cell growth regulation, the mechanisms
underlying the stimulatory effects of GRPR blockade on cancer
cells observed in the present study and previous experiments
(30) remain unknown and have et to be investigated in future
studies. Cell responses to GRPR activation are mediated by
multiple protein kinase pathways. including phospholipase C
(PLC)/protein kinase C (PKC). mitogen-activated protein
kinase (MAPK)/extracellular signal-regulated protein kinase
(ERK) and phosphatidylinositol 3-Kinase (PI3K) cascades
(35). Studies focusing on experimental breast and gynecologic
cancers have demonstrated that GRPR is associated with cell
mugration and interleukin-8 expression in breast tumors (36).
whereas GRPR antagonists reduce ErbB-2/HER-2 expression
in breast cancer cells and epidermal growth factor receptor
(EGFR), as well as c-jun and c-fos oncogenes in experimental
breast and ovarian tumors (9,11,38).

BDNF/TrkB signaling has been suggested to promote
cancer cell survival and resistance to chemotherapy (12-14).
Previous studies on breast and ovarian cancer cells have
suggested that BDNF/TrkB stimulates cell survival and
migration (20,2223 .25). BDNF is likely not to enhance
viability since the BDNF/TrkB pathway is already activated
at its optimal level by BDNF secreted from the cells as an
autocrine factor. The possibility that BDNF is secreted as
an autocrine factor from cultured cells would be consistent
with our finding that the three cell lines expressed mRNA
for BDNF. Results of this study demonstrating that K252a
decreased cell viability are consistent with the hypothesis that
TikB needs to be further examined as a potential anticancer
target in breast and gynecologic cancers. Since TrkB has the
potential to crosstalk with GRPR and other growth factor
receptors. including EGFR, in regulating cancer cell survival
and proliferation (17.22), combining compounds acting
on different receptors might prove to be the most effective
strategy to inhibit tumor growth by targeting neuropeptide
and neurotrophin signaling.

In conclusion, the present study is the first to demonstrate
that, at least under certain experimental conditions, GRPR
activation negatively regulates the viability of breast, ovarian
and cervical cancer cells in vitro. In addition, these findings are
consistent with the hypothesis that Trk signaling regulates the
viability of breast and gynecologic cancer cells. Experimental
findings suggesting that there are conditions under which
GRPR blockade stimulates cell viability and proliferation are
likely to have implications for the clinical testing of GRPR
antagonists as potential anticancer medications. Based on the
in vitre findings reported in this study, additional studies using
in vivo models and tumor samples from patients are required
in order to examine the potential inhibitory role of GRPR
activation in breast and gynecologic cancer development.
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