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RESUMO

Neutrofilos sdo os principais personagens do processo inflamatorio, tanto na imunidade
inata como adaptativa. Sua migracdo para os sitios inflamatorios é crucial para o inicio da
inflamacdo, assim como para o controle de infecc¢des, apresentando envolvimento na perpetuacao
de diferentes doencas inflamatorias cronicas. O peptideo liberador de gastrina (GRP: Gastrin-
releasing peptide) € um neuropeptideo que atua via receptores ligados a proteina G e que esta
envolvido em diferentes funcgdes fisiologicas, atuando da motilidade gastrointestinal & modulagéo
da memoria. Seu receptor preferencial, GRPR (Gastrin-releasing peptide receptor), é expresso
em varios tipos celulares, incluindo os sistemas gastrico, respiratério e nervoso, tendo sua
expressao aumentada em células tumorais. RC-3095 é um dos antagonistas seletivos de GRPR,
desenvolvido para o tratamento de cancer. Mais recentemente, 0 RC-3095 mostrou-se com
propriedades anti-inflamatérias no tratamento de artrite e sepse. Os mecanismos pelos quais 0
GRP e 0 RC-3095 afetam o crescimento tumoral e o sistema imune ainda ndo foram totalmente
determinados. Neste estudo, nés propomos caracterizar os efeitos pro-inflamatérios do GRP na
inducdo de migracédo de leucocitos in vitro e in vivo, demonstrando que o GRPR atua como um
receptor quimiotatico para neutrofilos. Injegdes intraperitoneais de GRP recrutaram neutrofilos
em quatro horas, um fenémeno antagonizado pelo RC-3095, deplecdo de macréfagos ou
neutralizacdo do TNF-a. Além disso, o GRP apresentou um efeito direto in vitro, atuando como
quimiocina na inducdo de migracdo através da sinalizacdo por GRPR, um mecanismo que é
dependente de PI3K, ERK, p38 ¢ independente de proteina Gai, demonstrando que o GRPR €
um receptor quimiotatico alternativo. Interessantemente, a migracdo de neutréfilos in vitro em
direcdo ao liquido sinovial de pacientes com artrite foi abolida com o pré-tratamento com RC-
3095, em uma magnitude comparada ao bloqueio do CXCR2. Discutimos aqui as implicagoes
dessas descobertas para o0s tratamentos baseados no antagonista de GRPR em doencas
inflamatdrias e propomos que o0 GRPR é um novo receptor quimiotatico alternativo que esta

envolvido nessa patogénese destes distarbios.



ABSTRACT

Neutrophils are major players in inflammatory processes both in innate and adaptive
immunity. Their migration to inflamed sites is crucial both for the initiation of inflammation as
well as resolution of infection, and yet they are involved in the perpetuation of different chronic
inflammatory diseases. Gastrin-releasing peptide (GRP) is a neuropeptide that acts through G-
protein coupled receptors involved in different physiological functions, from gastrointestinal
motility to modulation of memory. The preferential receptor, GRPR (Gastrin-releasing peptide
receptor), is expressed by various cell types, including the gastric, respiratory and nervous
system, being over expressed on cancer cells. RC-3095 is one of GRPR’s selective antagonists,
developed for cancer treatment. More recently, RC-3095 has been found to have anti-
inflammatory properties in arthritis and sepsis. The mechanism underlying GRP and RC-3095
effects in tumor growth and immune suppression has not been fully determined. In this study, we
propose to characterize the pro-inflammatory effects of GRP on the migratory induction of
leucocytes in vitro and in vivo, demonstrating that GRPR acts as a chemotactic receptor for
neutrophils. Intraperitoneal injection of GRP attracts neutrophils in four hours, a phenomenon
that is antagonized by RC3095 and macrophage depletion or neutralization of TNF-a. More
importantly, GRP has a direct chemokine-like effect on neutrophils in vitro, inducing migration
through GRPR signaling, in a mechanism dependent on PI3K, ERK and p38 and independent of
Gai protein, demonstrating that GRPR is an alternative chemokine receptor. Interestingly, in
vitro neutrophil migration towards synovial fluid of arthritis patients is abolished by pretreatment
with RC-3095, in a magnitude comparable to blocking of CXCR2. We discuss the implications
of these findings for GRPR antagonist-based treatment for inflammatory diseases and propose

that GRPR is a new alternative chemokine receptor involved these pathogeneses.
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1. CAPITULO 1



1.1.INTRODUCAO

1.1.1 Resposta inflamatoria

A funcdo do sistema imune € prevenir seu organismo de ser tomado por genomas
diferentes dos codificados por sua linhagem germinativa, desempenhando diversos controles
para eliminar interacGes excessivas dessa natureza, assim como remover células mortas e
promover plasticidade celular durante o desenvolvimento. (Nathan, 2002; 2006; Vivier, Raulet,
Moretta et al., 2011).

Para promover esse controle, o sistema imune é comumente classificado de duas formas:
sistema imune adaptativo e sistema imune inato. A imunidade adaptativa é encontrada em
vertebrados e caracterizada por dois tipos de linfocitos: linfocitos T e linfocitos B. Estes
expressam grande repertorio de receptores para antigenos produzidos por recombinacdo,
conhecidos como receptores de células T (TCR — T cell receptor) e anticorpos/receptores de
células B (BCR — B cell receptors). Células T e B imaturas sdo apresentadas a antigenos pelas
células apresentadores de antigeno (APC — antigen presenting cells), rumando para 6rgaos
linféides especificos, onde realizam divisdo clonal e maturam para exercerem suas funcgdes
efetoras. Por conseguinte, estas células atuam de maneira especifica e tém a capacidade de gerar
memoria aos antigenos para os quais sdo expostas (Meffre, Casellas e Nussenzweig, 2000;
Marrack, Scott-Browne, Dai et al., 2008; Lund e Randall, 2010; Macleod, Kappler e Marrack,
2010).

O sistema imune inato € representado por uma variedade de células distintas de origem
mieloide ou linféide, como neutréfilos polimorfonucleares, eosindfilos, macréfagos e células
dendriticas, que exercem rapida funcdo efetora, atuando com um limitado repertorio de
receptores geneticamente definidos. Estas células desencadeiam respostas imediatas nas
infecgdes e danos celulares, causando inflamagdo, sem promover uma resposta duradoura.
Entretanto, esta classificacdo € apenas utilizada como convencéo para facilitar o entendimento de
seus funcionamentos, porque ambas classificacdes do sistema imuno (inato e adaptativo) atuam
de maneira sinérgica e dependente para devolver a resposta adequada ao estimulo e promover o

retorno a homeostase (Vivier, Raulet, Moretta et al., 2011).



A vigilancia promovida pelas células do sistema imune inato sobre agentes microbianos é
realizada atraves dos receptores especializados que reconhecem moléculas conservadas e
exclusivamente expressas por microorganismos. Essas moléculas sdo denominadas de padrdes
moleculares associados a patogenos (PAMPs) e sdo identificadas pelos receptores de
reconhecimento de padrdo (PRRs) (Medzhitov, 2001). Os PAMPs apresentam uma estrutura
altamente conservada e invariante porque desenvolvem funcfes essenciais para a sobrevivéncia
microbiana. Sendo assim, a imunidade inata tem a capacidade de identificar um grande nimero
de classes de microorganismos com um nimero limitado de PRRs (Inohara e Nunez, 2003).

Atualmente os PRRs sdo divididos em: Toll-like receptors (TLRS) que sdo proteinas
transmembrana localizadas na superficie celular e no endossomo, NOD-like receptors (NLRs)
que sdo localizadas no citoplasma, RIG-I-like receptors (RLRS) que sdo também localizadas
intracelularmente e envolvidas na resposta antiviral, e absence in melanoma 2-like receptors
(AIM-2) que sdo caracterizadas por um dominio de reconhecimento de DNA microbiano, entre
outros (Chen e Nunez, 2010). A partir do reconhecimento do ligante ou disruptura celular, esses
receptores ativam vias de sinalizagdo como NF-kf, MAPKs e intérferon do tipo I, que resultam
no aumento de citocinas pro-inflamatorias, quimiocinas e outras respostas antimicrobianas
(Hajishengallis e Lambris, 2011).

Os PRRs também reconhecem os padrdes moleculares associados a danos (DAMPS),
que sdo moléculas endégenas ndo-microbianas liberadas durante lesdes ou morte celular. Esse
reconhecimento dos DAMPs promove uma resposta semelhante ao combate microbiano, apesar
da auséncia de PAMPs, e por isso é chamada de “inflamagédo estéril” (Hajishengallis e Lambris,
2011). Os DAMPs séo fatores geralmente intracelulares, e por isso ficam isolados de sua
identificacdo pelo sistema imune. A inflamacéo estéril desenvolve-se quando a morte celular
ocorre via necrose, ao invés da morte celular programada (apoptose). Na apoptose, uma cascata
de eventos promovida pela via das caspases gera uma retracdo celular, causando perda de
aderéncia com a matriz extracelular e com células vizinhas, a membrana celular forma
prolongamentos, gerando corpos apoptéticos, a cromatina é condensada, e 0 DNA e o nucleo sao
fragmentados, além da exposicdo extracelular das moléculas de fosfatidilserina contidas
normalmente na face intracelular da membrana plasmética, o que promove um sinal para sua
fagocitose (Li, Sarkisian, Mehal et al., 2003). Porém, durante um processo necrético a diferenca

marcante € a ruptura da membrana, liberando todo material intracelular, podendo ser reconhecido



pelos PRRs como DAMPs, como por exemplo, 0 DNA pelo TLR ou AIM2 (Fernandes-Alnemri,
Yu, Datta et al., 2009; Imaeda, Watanabe, Sohail et al., 2009) e o ATP pelo NLR (lyer,
Pulskens, Sadler et al., 2009).

Apos o reconhecimento tanto de PAMPs como DAMPSs, a reposta imune inata segue de
maneiras similares, promovendo recrutamento de neutréfilos e macrofagos, e a producdo de

citocinas pré-inflamatorias e quimiocinas, principalmente TNF e IL-1 (Chen e Nunez, 2010).

1.1.2. Migracao e papel de neutrofilos

Respostas inflamatérias sdo coordenadas pela migracéo de leucdcitos pelo sangue, 6rgaos
linféides secundarios e tecidos inflamados (Luster, Alon e Von Andrian, 2005), onde células
imunes residentes (macréfagos, mondcitos ou células dendriticas) ou tecidos locais produzem
citocinas e quimiocinas ao interagirem com um estimulo para desencadear a resposta (Stadnyk,
1994; Gordy, Pua, Sempowski et al., 2010). Isto promove a migracdo de leucécitos do sangue
para o sitio da inflamagdo (Vicente-Manzanares e Sanchez-Madrid, 2004; Nathan, 2006). O
principal personagem nessa comunicacao intercelular sdo as citocinas — uma familia de pequenas
moléculas soltveis (podendo ser peptideos, proteinas ou glicoproteinas) secretadas por células
imunes e alguns tecidos (Akdis, Burgler, Crameri et al., 2011). Elas promovem diversas formas
de imunomodulacéo utilizando receptores especificos e atuando em concentracdes extremamente
baixas (nano até picomolar) (Petrovsky e Harrison, 1998). Dentro dessa familia, existem as
citocinas que induzem quimiotaxia, consideradas citocinas quimiotaticas, também chamadas de
quimiocinas (Thelen e Stein, 2008). As quimiocinas sdo moléculas pequenas (em sua maioria
proteinas) de 8 a 14 kDa e responsaveis pela regulacdo desse trafego de leucdcitos no sistema
imune (Rollins, 1997; Van Buul e Hordijk, 2004; Allen, Crown e Handel, 2007).

Além de quimiocinas, outras moléculas que também estimulam migracéao leucocitéria séo
denominadas fatores quimiotaticos, podendo ter origem de peptideos bacterianos (por exemplo,
formil-Met-Leu-Fe, ou fMLP), mediadores lipidicos ou componentes do sistema complemento.
Os fatores quimiotaticos que induzem o recrutamento de neutrofilos sdo produzidos por diversos

tipos celulares, como: macréfagos, mondcitos, linfécitos, plaquetas, os préprios neutréfilos e



células endoteliais, epiteliais e parenquimais (Van Buul e Hordijk; Vicente-Manzanares e
Sanchez-Madrid, 2004).

O recrutamento de neutréfilos é essencial para a resposta inflamatdria, porque sdo os
primeiros leucdcitos a chegarem ao sitio de inflamacao (nas primeiras 12 horas apés o estimulo),
sendo guiados pelos fatores quimiotaticos, e apds sdo substituidos por macrofagos e/ou
eosinofilos (Ali, Haribabu, Richardson et al., 1997; Soehnlein e Lindbom, 2010). Para
alcancarem a regido inflamatoria, os neutrofilos migram governados por um gradiente de
concentracdo dos fatores quimiotéticos, respondendo & inducdo soltvel de citocinas proé-
inflamatorias (como IL-1B, IL-6, e TNF), de quimiocinas (como CXCL1, CXCL2 e
principalmente CXCLS8, também conhecida como IL-8), do quinto fragmento do sistema
complemento ativado (C5a), de mediadores lipidicos (como prostaglandinas, fator ativador de
plaquetas, ou PAF, e leucotrienos, principalmente o leucotrieno B4, LTB4), assim como fatores
exibidos na matriz extracelular ou apresentados na superficie de outras células (Van Buul e
Hordijk; Vicente-Manzanares e Sanchez-Madrid, 2004; Soehnlein e Lindbom, 2010).

No sitio inflamatorio, os neutréfilos sdo capazes de controlar o foco infeccioso com
diferentes aparatos celulares microbicidas. Estdo equipados com granulos contendo polipeptideos
antimicrobianos (como defensinas e proteases), que sdo secretados em vesiculas logo apos
adentrarem no tecido (Faurschou e Borregaard, 2003). Porém, o principal mecanismo existente é
a geracdo de espécies reativas de oxigénio (ROS), produzidas pelo complexo multienzimatico
ligado a membrana e a enzima NADPH oxidase. Este complexo reduz o oxigénio molecular a
anion superoxido, podendo ser convertido em peroxido de hidrogénio pela a¢do da enzima
superoxido dismutase (SOD), e este reagir com ions cloreto e produzir acido hipocloroso
(Nathan, 2006; Dale, Boxer e Liles, 2008). Todos esses reagentes oxidados tém grande potencial
microbicida, atuando tanto no fagossomo como no espaco extracelular.

Mais recentemente, identificou-se que neutréfilos tém ainda a capacidade de liberar seu
conteudo nuclear, expondo a cromatina e proteinas associadas, como proteases, num processo
chamado de neutrophil extracellular traps (NETs). As histonas presentes na cromatina, assim
como granulos, formam uma rede que prende e reage com agentes microbianos. Esse fendmeno é
ativado via TLR, receptores Fc, quimiocinas e citocinas (Brinkmann, Reichard, Goosmann et al.,
2004; Papayannopoulos e Zychlinsky, 2009).



1.1.3. Receptores ligados a proteina G

As quimiocinas sdo as principais agentes controladoras do trafego de leucdcitos,
promovendo quimiotaxia através de receptores especificos da familia de receptores acoplados a
proteinas G (GPCR) (Thelen, 2001). Esses receptores sdo caracterizados por apresentarem sete
dominios transmembranas e sua ativacdo promove polimerizacdo de actina e assim comandando
mudancgas morfologicas necessarias para a movimentacdo celular, juntamente com influéncias
nas moléculas de adesdo expressas (Van Buul e Hordijk, 2004; Vicente-Manzanares e Sanchez-
Madrid, 2004). A ativacdo dos GPCRs também promove ativagdo celular, exocitose e apoptose,
através de diferentes vias de sinalizagdo (Rose, Foley, Murphy et al., 2004).

Predominantemente, os receptores de quimiocinas promovem sua sinalizacéo através de
proteinas G sensiveis a toxina Pertussis (PTx), da classe proteinas G-alfa inibitoria (Gai)
(Spangrude, Sacchi, Hill et al., 1985; Wettschureck e Offermanns, 2005). Quando a quimiocina
liga-se ao receptor em sua porcao extracelular, ocorre o desencadeamento de uma mudanga
estrutural e ativacdo da proteina heterotrimérica. Essa ativacdo induz da troca de difosfato de
guanosina (GDP) presente no estado basal inativo da proteina ligado a subunidade Gai, por
trifosfato de guanosina (GTP), o que gera a dissociacdo do receptor e da proteina heterotrimérica
em subunidades Gai e GBy (Wettschureck e Offermanns, 2005). A subunidade Gai inibe a
adenilato ciclase (Katanaev, 2001) e as subunidades GPy prosseguem a sinalizacdo para
quimiotaxia (Neptune e Bourne, 1997), ativando fosfolipases (PLCP), e proteinas quinases, como
fosfoinositol 3-quinase (PI3K, principalmente a isoforma y — PI3Ky). Isto resulta em acimulo de
mediadores intracelulares, como fosfatidilinositol 3, 4, 5-trifosfato (PIP3), fluxo de célcio e
ativacdo de GTPases monomericas, as quais coordenam o0s processos de adesdo celular,
polimerizacdo de actina e eventos contrateis que polarizam a célula e permitem o movimento
celular (Wu, Huang e Jiang, 2000; Cicchetti, Allen e Glogauer, 2002; Niggli, 2003; Rot e Von
Andrian, 2004; Ward, 2004).

Durante o processo inflamatorio, diferentes mediadores inflamatérios (PAMPs, DAMPs e
outros fatores produzidos pelo organismo como citocinas e quimiocinas) podem estar presentes
simultaneamente. Porém, o neutrofilo tem preferéncia em migrar em dire¢do aos quimioatraentes
derivados de patégenos, mesmo quando expostos a estimulos do organismo, como IL-8. Esse

processo € guiado atraves da ativacao seletiva de vias de sinalizacdo especificas. Os derivados de
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patdgenos atuam primariamente através da ativacdo da p38/MAPK, e os derivados do organismo
ativam a via de PI3K/AKT. A ativagdo da p38 inibe a via da PI3K/AKT, fazendo o neutrdfilo a
migrar preferencialmente em direcdo aos estimulos derivados dos patdgenos (Heit, Tavener,
Raharjo et al., 2002).

A via de migracédo através de proteina Gai tem um papel critico na indugdo da migracéao
dependente de quimiocinas, sendo postulada com o via classica de estimulacdo migratdria.
Porém, os receptores quimiotaticos podem funcionar através de outras proteinas G, apresentando
vias alternativas da migrag&o de células imunes, principalmente em neutrofilos (Gerard e Gerard,
1994; Shi, Partida-Sanchez, Misra et al., 2007). A principal via alternativa encontrada ocorre
atraves de receptores ligados a proteina Gagq, na qual a ligacdo do agonista (fator quimiotatico)
promove a liberacdo das subunidades Gaq e By. A proteina Gaq estimula diretamente PLCB2 e
B3 a produzir mensageiros intracelulares trifosfato inositol (IP3) e diacilglicerol (DAG). O IP3
desencadeia a liberacdo de célcio dos estoques intracelulares e 0 DAG ativa a PKC, ativando
outras vias de sinalizacdo que irdo promover indiretamente a ativacdo de PI3K, até fatores de
transcricdo como NF-kf (Neves, Ram e lyengar, 2002). Essa via alternativa é estimulada apenas
por alguns fatores quimiotaticos, como fMLP, e encontrada atuante em certas populacoes
leucocitérias, como neutréfilos e células dendriticas (DCs), ndo apresentando funcdo em células

T e B para esses fatores quimiotaticos (Shi, Partida-Sanchez, Misra et al., 2007).

1.1.4. Peptideo liberador de gastrina (GRP) e seu receptor (GRPR)

O tetrapeptideo bombesina (BB) foi primeiramente caracterizado e isolado a partir da
pele dos anfibios Bombina bombina (Erspamer, Erpamer e Inselvini, 1970). Porém, somente
ap6s uma década foram identificados peptideos similares a bombesina em mamiferos. Estes
foram descobertos através da resposta antigénica contra o analogo anfibio e nomeados como
peptideo liberador de gastrina (Gastrin-releasing peptide: GRP) devido ao seu papel inicialmente
proposto na inducdo da secrecdo de gastrina pelas celulas G do antro gastrico (Mcdonald,
Jornvall, Nilsson et al., 1979), e neuromedina B (neuromedin B: NMB), em fungdo de sua
atuacdo neuromodulatora (Minamino, 1983). Estes peptideos apresentam em sua porcao carboxi-

terminal um grupamento metilamida (Figura 1), e assim como outros neuropeptideos com esse



Familia dos peptideos da Bombesina

Bombesina

pGlu-Gln-Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH;
GRP

Gly-Asn-His-Trp-Ala-Val-Gly-His-Leu-Met-NH;
Neuromedina B

Gly-Asn-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH;

Figura 1 - Alinhamento de aminoéacidos dos peptideos da familia da Bombesina.

Processamento do PreProGRP
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Figura 2 — Processamento do PreProGRP até o peptideo funcional GRP5.»;.



20 5
24

g@m 201 (BOBEO =
293 S)
1) 198 L 302

984D
38 97 17 287 305 DO AR

ara) Membrane

57 76

! ! COOH

Figura 3 — Representagcdo esquematica do GRPR murino mostrando a sua topologia
transmembrana e os sitios principais para a interacdo de maior afinidade com o GRP (circulos
pretos). Adaptado de Jensen et al. (2008).

grupamento, o GRP é formado a partir do processamento de um grande produto traduzido inicial
(preproGRP).

O preproGRP sofre uma de reacdes de clivagem, gerando um peptideo de 27 aa, ja
chamado GRP (GRP1.,7) e com atividade funcional conhecida. Este pode sofrer nova clivagem
formando o GRP;.17 e a forma mais estudada, 0 GRP1g2; (Orloff, Reeve, Ben-Avram et al.,
1984) (Figura 2).

O GRPi1g,7 (a partir deste ponto chamado de GRP) promove marcantes respostas
bioldgicas, como: mobilidade gastrointestinal, liberagdo hormdnios e/ou neurotransmissores no
estbmago, intestino, pancreas, célon e 6rgdos endocrinos (Tache, 1988). Apresentando um
importante papel no sistema nervoso central (Central nervous system: CNS) e periférico,
auxiliando na regulagéo do ritmo circadiano, ansiedade, resposta ao medo e estresse (Martinez e
Tache, 2000; Grider, 2004; Martins, Reinke, Valvassori et al., 2005; Roesler, Henriques e
Schwartsmann, 2006). Nos neur6nios, o peptideo atua junto com neurotransmissores, mostrando

um possivel papel na modulacdo da meméria (Roesler, Lessa, Venturella et al., 2004; Kamichi,



Wada, Aoki et al., 2005; Luft, Flores, Vianna et al., 2006; Roesler, Luft, Oliveira et al.) e em
doencas neurodegenerativas como Parkinson, Alzheimer e esquizofrenia (Roesler, Meller,
Kopschina et al., 2003; Roesler, Henrigues e Schwartsmann; Roesler, Kopschina, Rosa et al.;
Roesler, Lessa, Venturella et al.; Roesler, Henriques e Schwartsmann; Roesler, Luft, Oliveira et
al.). O GRP também esta envolvido no desenvolvimento fetal dos pulmdes (Li, Nagalla e
Spindel, 1994; Sunday, Yoder, Cuttitta et al., 1998; Subramaniam, Sugiyama, Coy et al., 2003;
Shan, Emanuel, Dewald et al., 2004) e como fator de crescimento de tecidos e tumores (Jensen,
Carroll e Benya, 2001; Patel, Shulkes e Baldwin, 2006; Cornelio, Roesler e Schwartsmann,
2007).

O GRP promove seu efeito através da ativacdo de receptores com sete dominios
transmembrana, acoplados a proteina G, e promovendo suas fungdes através de proteina Goq
(Figura 3) (Corjay, Dobrzanski, Way et al., 1991; Hellmich, Battey e Northup, 1997). Existem
quatro subtipos de receptores descritos e clonados para familia do GRP (Bombesin-like peptides:
BLP): GRPR (Spindel, Gibson, Reeve et al., 1990; Battey, Way, Corjay et al., 1991), NMBR,
BRS-3 e BB4-R (Jensen, Battey, Spindel et al., 2008). Porém, somente trés destes estdo
presentes em mamiferos, sendo o BB4-R encontrado apenas no cérebro de anfibios (Nagalla,
Barry, Creswick et al., 1995). O BB4-R caracteriza-se por uma maior afinidade pela BB em
comparacdo ao GRP, apresentando 56%, 61% e 70% de homologias ao GRPR, NMBR e BRS-3
humanos, respectivamente (Nagalla, Barry, Creswick et al., 1995). O NMBR é assim nomeado
devido a sua alta afinidade por NMB (100 vezes maior do que para GRP) e tem homologia de
55% com GRPR e 47% com BRS-3 (Fathi, Benya, Shapira et al., 1993).

O GRPR humano apresenta 384 aa, com uma alta homologia (90 % de identidade entre
0s aa) com 0 GRPR de camundongos e uma identidade de 55% com o NMBR e de 51% com o
BRS-3 (Corjay, Dobrzanski, Way et al., 1991). Estes receptores também apresentam outra
nomenclatura, onde NMBR, GRPR e o0 BRS-3 s&o denominados como Bombesin 1 receptor
(BB1-R), BB2 receptor (BB2-R) e BB3 receptor (BB3-R), respectivamente (Jensen, Battey,
Spindel et al., 2008).

O GRPR é também chamado de GRP preferring receptor. Isso se deve a similaridade dos
peptideos que se ligam a esses receptores, causando uma ativacdo inespecifica, porém
preferencial entre peptideos e receptores de mesma nomenclatura por competicdo ao sitio de

ligacdo (Tabela 1). O GRPR ja foi clonado em 21 espécies e observou-se que as regides mais
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conservadas sdo os dominios transmembrana e o terceiro dominio intracelular, assegurando a
importante funcdo efetora do receptor na ativacdo do receptor e a inespecificidade das porgdes
extracelulares que realizam os contatos com seus peptideos agonistas (Ohki-Hamazaki, Iwabuchi
e Maekawa, 2005; Baldwin, Patel e Shulkes, 2007). Essa auséncia de especificidade pode
demonstrar uma atividade altamente regulada para as concentracdes e o balanco desses peptideos

fisiologicamente (Jensen, Battey, Spindel et al., 2008).

Tabela 1 — Afinidade aos receptores na familia da Bombesina. Adaptado de Patel et al., 2006.

Afinidade ao receptor (nM)

Peptideo GRPR NMBR
Bombesina 2.1+0.1° 32+2°
GRP 6.6 + 1.3 4800 °
NMB 700 + 200° 1.8+0.3°

Linhagens celulares: ® Linha celular colorretal humana; ® Fibroblasto 3T3 de camundongo Balb/C
transfectado com NMBR humana.

O gene que codifica para GRPR esta localizado (tanto em humanos, como em
camundongos) no cromossomo X e a regulacdo de sua expressdo ja foi elucidada (Maslen e
Boyd, 1993; Xiao, Wang, Hampton et al., 2001).

A distribuicdo da expressdo do mRNA de GRPR foi observada em varias espécies e em
diferentes drgdos e sistemas. Em roedores foi mostrado um importante papel da presenca de
GRPR no desenvolvimento embriondrio do sistema nervoso, respiratorio, urogenital e
gastrointestinal (Battey, Wada e Wray, 1994), sendo também expresso no trato digestivo, colon e
CNS (Moody e Merali, 2004; Kamichi, Wada, Aoki et al., 2005). O receptor de GRP humano
(hGRPR) vem sendo pesquisado em tecidos e tumores. Em células de fenétipo normal ele
encontra-se mais expresso no pancreas e em menos quantidade no estbmago, prostata,
musculatura esquelética e lisa, cdrtex adrenal (Ferris, Carroll, Lorimer et al., 1997; Xiao, Wang,
Hampton et al., 2001).

Funcionalmente, o0 GRPR foi inicialmente observado no trato gastrointestinal na

regulacdo da secrecdo gastrica na liberacdo de gastrina das células G, juntamente com a
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somatostatina das células D (Schubert, Hightower, Coy et al., 1991; Schubert), na regulacdo da
mobilidade gastrointestinal (Degen, Peng, Collet et al., 2001; Yegen, 2003), na estimulacdo da
secrecdo pancredtica (Nielbergall-Roth e Singer, 2001) e na liberacdo de insulina (Persson,
Pacini, Sundler et al., 2002). Além disso, 0 GRPR apresenta um papel importante no CNS,
estando relacionado com doencas psiquiatricas e desordens neurolégicas como ansiedade,
esquizofrenia, autismo, deméncia, panico e desordens alimentares como anorexia nervosa,
bulimia e depressao (Roesler, Henrigues e Schwartsmann, 2004; Hodges, Weissman, Haghighi et
al., 2009).

O GRP e a BB sdo considerados agentes mitogénicos, induzindo a proliferacdo e
crescimento celular (Rozengurt e Sinnett-Smith, 1983; Willey, Lechner e Harris, 1984; Lehy,
Puccio, Chariot et al., 1986; Puccio e Lehy, 1989), além de apresentarem efeitos protetores sobre
a mucosa gastrointestinal (Mercer, Cross, Chang et al., 1998; Gunal, Oktar, Ozcinar et al., 2002).

Porém, estes peptideos também atuam como importantes fatores de crescimento tumoral
em uma diversificada gama de canceres (Patel, Shulkes e Baldwin, 2006; Cornelio, Roesler e
Schwartsmann, 2007) (Tabela 2). Esta acdo foi primeiramente identificada no cancer de pulmao
de pequenas células humano (Small-cells lung cancer: SCLC) (Cuttitta, Carney, Mulshine et al.,
1985). Neste mesmo trabalho foi proposta a hipétese autdcrina para o GRP, onde o préprio
tumor produziria o fator de crescimento (neste caso o0 GRP) e seus receptores, gerando uma
inducdo propria de sua proliferacdo (Cuttitta, Carney, Mulshine et al., 1985). Além do SCLC, o
GRP é encontrado em muitos tumores (Tabela 2), porém sem registros para sua presenca em

adenocarcinomas gastricos (Patel, Shulkes e Baldwin, 2006).

Tabela 2 — Presenca de GRP e GRPR em tumores humanos. Adaptado de Patel et al., 2006.

Cancer GRP GRPR

N° N°

positivo/ positivo/

N° Total %0 Método Referéncia N° Total %0 Método Referéncia
Pulméo 23/31 74 RIA  Woodetal, 1981 17/20 85 PCR  Toi-Scott et al., 1996
(SCLC) 71 RIA Maruno et al., 1989 11/38 29 PCR  Shingyoji et al., 2003

9/20 45 RIA Guinee et al., 1994 3/9 33 BD Reubi et al., 2002

16/32 50 PCR  saitoetal., 2003

Prostata 18/30 60 IH Constantinides et al., 2003 30/30 100BD Markwalder e Reubi 1999
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27/42 64 IH Ishimaru et al., 2002 50/80 63 BD Sun et al., 2000
20/22 91 PCR Sunetal, 2000
12/12 100BD Reubi et al., 2002
Mama 16/41 39 RIA Yashi et al., 2002 33/100 33 BD Halmos et al., 1995
5/28 18 NB Pagani et al., 1991 29/46 63 BD Gugger e Reubi, 1999
41/57 72 BD Reubi et al., 2002
Géstrico 13/23 50 BD Preston et al., 1993
8/20 40 PCR carrolletal., 1999b
Pancreatico 52/88 59 RIA Sessa et al., 1990 2/26 8 PCR  Ehlersetal, 2000
2/12 17 BD Tang et al., 1997
Colorretal 42/50 84 IH Carroll et al., 1999a 6/15 40 BD Radulovic et al., 1992
23/23 100PCR Chave et al., 2000 5/21 24 BD Preston et al., 1995
27/29 93 PCR  Saurinetal., 1999
38/50 76 IH Carroll et al., 1999a
23/23 100PCR cChave et al., 2000
Carcindide 12/20 60 IH Bostwick et al., 1984 22/26 85 IH Scott et al., 2004
9/19 47 IH Scott et al., 2004

RIA — Radio imuno ensaio; IH — Imunoistoquimica; NB — Northern Blot; BD — Binding; PCR — Reverse-
Transcriptase Polymerase chain reaction.

Devido ao GRP apresentar essa grande prevaléncia em tumores, seu receptor preferencial

também foi pesquisado e, por conseguinte, sua presenga mostrou-se chave para a atuacdo

neoplasica do peptideo liberador da gastrina. O GRPR também foi encontrado em diversos

tumores (Tabela 2), e foi também envolvido nos mecanismos de angiogénese tumoral (Heuser,

Schlott, Schally et al.; Kanashiro, Schally, Nagy et al., 2005; Martinez, Zudaire, Julian et al.,

2005) e na formagdo de metastases de algumas neoplasias (Tatsuta, lishi, Baba et al., 2001).

Portanto, o GRPR tem sido proposto como um importante novo alvo terapéutico

especifico em cancer (Schwartsmann, Di Leone, Dal Pizzol et al., 2005; Cornelio, Meurer,

Roesler et al., 2007; Cornelio, Roesler e Schwartsmann, 2007), e antagonistas seletivos do
GRPR, como o [D-Tpi6, Leul3, y(CH2NH)-Leul4]-Bombesina(6-14) (RC-3095), foram
pesquisados como potenciais novos agentes antitumorais (Radulovic, Miller e Schally, 1991;

Szepeshazi, Schally, Halmos et al., 1997; Kiaris, Schally, Sun et al., 1999; Chatzistamou,
Schally, Szepeshazi et al., 2001).
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O RC-3095 é um pseudononapeptideo e antagonista seletivo dos receptores da familia da
bombesina, apresentando especificidade de ligacdo ao GRPR (Pinski, Yano, Rekasi et al., 1992).
Quando testado em camundongos nude, apresentou uma significante reducdo tumoral de varias
linhagens de céncer, incluindo SCLC, péancreas, mama, prostata, gastrico e de ovario (Yano,
Pinski, Groot et al., 1992; Qin, Ertl, Cai et al.; Kiaris, Schally, Sun et al., 1999; Chatzistamou,
Schally, Szepeshazi et al., 2001). A administracdo subcutanea didria do RC-3095 nao apresentou
efeitos toxicos na concentragdo em que foi dosada (10-20 pg por animal) e promoveu a regressao
tumoral completa em alguns casos. Apos esses resultados o peptideo sintético foi testado in vitro
e in vivo para diversos tipos tumorais, apresentando bom prognéstico na reducdo e
desaparecimento do tumor (Pinski, Schally, Halmos et al., 1994; Szepeshazi, Schally, Halmos et
al., 1997; Bajo, Schally, Groot et al., 2004; Engel, Keller, Schally et al., 2005; Stangelberger,
Schally, Letsch et al., 2006; Cornelio, Roesler e Schwartsmann, 2007). E em razdo destes
resultados promissores, 0 RC-3095 foi avaliando em um teste clinico de fase I, onde a sua
toxicidade foi previamente testada em modelos animais especificos e sua dosagem foi
estabelecida (Schwartsmann, Dileone, Horowitz et al., 2006). Resultados favoraveis para o
tratamento tumoral ainda ndo mostraram qual seria 0 mecanismo especifico responséavel pela
acdo antitumoral do peptideo. Mas devido ao seu carater seletivo, 0 RC-3095 apresenta-se como

um 6timo modelo para compreender a atividade e interacbes do GRP/GRPR.

1.1.5. GRP e a resposta imune

O GRP foi relacionado como um modulador do sistema imune. Estudos iniciais
mostraram o GRP ativando mondcitos, linfocitos e macrdéfagos peritoneais, provavelmente
através da ativacdo de PKC (proteina quinase C) (Ruff, Schiffmann, Terranova et al., 1985; Del
Rio e De La Fuente, 1994). O peptideo também foi encontrado estimulando a proliferacdo de
linfocitos (Del Rio, Hernanz e De La Fuente, 1994) e a atividade das células NK (Natural
Killers) (De La Fuente, Del Rio e Hernanz, 1993).

Outro trabalho mostrou a influéncia do antagonista especifico para o receptor de GRP,
RC-3095, sobre um modelo animal de sepse (Dal-Pizzol, Di Leone, Ritter et al., 2006). A

administracao do antagonista promoveu a diminuicéo da liberacdo de citocinas pro-inflamatdrias,
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IL-1p e TNF-0, tanto in vitro como in vivo, aumentando a sobrevida dos camundongos e
reduzindo o dano inflamatdrio apds a indugdo com LPS, tendo também os niveis de 6xido nitrico
e a expressao de iNOS (6xido nitrico sintase induzivel) diminuidos.

Além disso, foi verificada uma correlacdo entre os niveis de GRP, mas ndo de outros
neuropeptideos estudados, com os niveis de citocinas pro-inflamatérias IL-6 e TNF-a no liquido
sinovial de pacientes com Artrite Reumatdide (RA) e a severidade da doenca (Grimsholm,
Rantapaa-Dahlqvist e Forsgren, 2005; Origuchi, Iwamoto, Kawashiri et al., 2010). Os resultados
mostraram o0 GRP em concentragdo aumentada em pacientes com quadros mais graves da
doenca, auxiliando sua manutengdo. Outro estudo mais recente também verificou a diminuicao
de citocinas pro-inflamatérias (INF-y, IL-6, IL-1B, TNF-a), promovida pelo tratamento com o
antagonista especifico do GRP (RC-3095) em um modelo murino de artrite adjuvante, além da
diminuicdo de hiperplasia nas patas dos animais (Oliveira, Brenol, Edelweiss et al., 2008).

Devido ao conjunto dessas Ultimas pesquisas, podemos considerar que 0 GRP apresenta
um efeito inflamatorio, modulando o sistema imune. E a utilizacdo de um antagonista especifico
do seu receptor, como o peptideo RC-3095, pode mostrar um possivel envolvimento do GRP
durante o curso de respostas inflamatérias. Este projeto se propde aumentar a compreensdo dos
efeitos do peptideo liberador de gastrina, seus agonistas e antagonistas, sobre as respostas

inflamatorias.
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1.2.0BJETIVOS

Caracterizar os efeitos pro-inflamatérios do GRP na inducéo de migracao de leucocitos in

vitro e in vivo.

1.2.2. Objetivos Especificos

e Avaliar o efeito do GRP no recrutamento de leucdcitos in vivo;

e Analisar o papel de citocinas na migracao de neutrofilos induzida por GRP in vivo;

e Verificar o efeito do GRP e de seu antagonista RC-3095 na migracao de neutrofilos in
vitro (Transwell);

e Analisar o envolvimento de vias de sinalizagéo (PI3K, PLC, ERK e p38) na migragéo
de neutrdfilos induzida por GRP;

e Avaliar a participacdo do GRP na migracdo de neutrofilos induzida pelo liquido

sinovial de pacientes com artrite reumatoide.
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Abstract

Neutrophils are major players in inflammatory processes and their migration to inflamed sites
is crucial both for the initiation of inflammation as well as resolution of infection, and yet
these cells are involved in the perpetuation of different chronic inflammatory diseases.
Gastrin-releasing peptide (GRP) is a neuropeptide that acts through G-protein coupled
receptors involved in different physiological functions. Its receptor, Gastrin-releasing peptide
receptor (GRPR), is expressed by various cell types, being overexpressed in cancer cells.
RC-3095 is a selective GRPR antagonist, developed as an experimental targeted anticancer
drug. Recently, RC-3095 was found to have anti-inflammatory properties in arthritis and
sepsis models. The mechanisms underlying GRP and RC-3095 effects on tumor growth and
in inflammatory processes have not been fully determined. Here we demonstrate that GRPR
acts as a chemotactic receptor for neutrophils. Intraperitoneal injection of GRP attracts
neutrophils in four hours, a phenomenon abolished by RC-3095, macrophage depletion or
neutralization of TNF-a. Neutrophil migration towards synovial fluid of arthritis patients is
abrogated by treatment with RC-3095, in a magnitude comparable to blocking of CXCR2.
GRP-induced neutrophil migration was dependent on PLC-f2, PI3K, ERK, p38 and
independent of Gai protein. We propose that GRPR is an alternative chemokine receptor

that may play a role in disease pathogenesis.



Introduction

Neuropeptides are small molecules used by neurons to regulate synaptic
transmission and plasticity, also acting as neuromodulators. Nonetheless, these molecules
can be versatile, also acting as chemical messengers in the periphery. Evidence for
immunological functions for neuropeptides have more recently been provided by different
studies, supporting the interesting hypothesis of a direct link between the immune and
nervous systems (Genton e Kudsk, 2003). For example, some neuropeptides have been
described as markers in immune pathologies (Gonzalez-Rey, Chorny e Delgado, 2007),
while others appear to induce cytokine production by immune cells (Hernanz, Tato, De La
Fuente et al., 1996; Delgado, Mcmanus e Chambers, 2003).

Gastrin-releasing peptide (GRP) was first characterized as inducing gastrin secretion
in the gastric-tract (Mcdonald, Jornvall, Nilsson et al., 1979). GRP is the mammalian
counterpart of the tetradecapeptide bombesin, originally isolated from the skin of the
amphibian Bombina bombina (Anastasi, Erspamer e Bucci, 1971). GRP is a neuropeptide
that acts through preferential receptors via G-protein, promoting a variety of different
physiological functions: gastrointestinal motility, hormone and neurotransmitter release in the
gut, intestine, colon, other endocrine organs (Cornelio, Roesler e Schwartsmann, 2007) and
other important roles in the peripheral and central nervous system, controlling circadian
cycle (Roesler, Henriques e Schwartsmann, 2006), anxiety (Martins, Reinke, Valvassori et
al., 2005), fear (Roesler, Valvassori, Castro et al., 2009), stress (Martinez e Tache, 2000),
modulation of memory (Roesler, Lessa, Venturella et al., 2004; Luft, Flores, Vianna et al.,
2006). It is also may be involved with neurodegenerative diseases such as autism and
Schizophrenia (Presti-Torres, De Lima, Scalco et al., 2007), Alzheimer’s (Roesler, Henriques
e Schwartsmann, 2006) and Parkinson’s (Roesler, Kapczinski, Quevedo et al., 2007).

This neuropeptide works preferentially through the receptor GRPR (Gastrin-releasing
peptide receptor), also known as BB2-R. GRPR is a G-protein coupled receptor, expressed

in various cell types, including cells from gastric, respiratory and nervous system, endocrine



glands and musculature (Xiao, Wang, Hampton et al., 2001; Kamichi, Wada, Aoki et al.,
2005). In addition, it is over expressed on cancer cells (Mu, Honer, Becaud et al., 2010). The
production of GRP and the expression of GRPR on neoplastic cells can result in autocrine
growth stimulation in several cancer cell types (Cuttitta, Carney, Mulshine et al., 1985;
Battey, Way, Corjay et al., 1991; Cornelio, Roesler e Schwartsmann, 2007). Specific
antagonists for GRPR were produced (Pinski, Yano, Rekasi et al., 1992). One of these
selective antagonists that have been used in cancer treatment is RC-3095 (the [D-TT6,
Leul3 w(CH2NH)-Leul4] bombesin (6-14)) (Schwartsmann, Dileone, Horowitz et al., 2006).

More recently, RC-3095 has been demonstrated to have an anti-inflammatory effect
in arthritis models (Oliveira, Brenol, Edelweiss et al., 2008) and sepsis (Dal-Pizzol, Di Leone,
Ritter et al., 2006; Cornelio, Dal-Pizzol, Roesler et al., 2007; Petronilho, Roesler,
Schwartsmann et al., 2007), downregulating the production of pro-inflammatory cytokines,
such as IL-1B, IL-6, and TNF-a. However, there are no reports on cytokine production
directly induced by GRP stimulation of immune cells. The mechanisms underlying the
interaction of GRP and its antagonist with inflammatory scenarios are not clear. We
hypothesized that GRP could act as a pro-inflammatory stimulus in vivo, even in the
absence of infection. In this study, we report that GRP can be an endogenous inflammatory
mediator, acting as a chemoattractant though GPCR, activating specific signaling pathways
that promote neutrophil migration. We demonstrate that GRP can trigger neutrophil
recruitment both indirectly, through macrophages, as well as directly, binding to GRPR in

these cells.



Results
GRP induces neutrophil migration in vivo.

It has been previously shown that GRPR antagonist RC-3095 has anti-inflammatory
activity in different animal models of inflammation (Dal-Pizzol, Di Leone, Ritter et al., 2006;
Oliveira, Brenol, Edelweiss et al., 2008; Petronilho, Araujo, Steckert et al., 2009; Petronilho,
De Souza, Vuolo et al., 2010; Rezin, Petronilho, Araujo et al., 2010). Thus, we hypothesized
that GRP could have a pro-inflammatory potential. Initially, we investigated if GRP would
have effect of on neutrophil recruitment in vivo, in a dose-response experiment. The
intraperitoneal injection of GRP induced neutrophil recruitment after 4 hours in a dose-
dependent fashion (Fig. 1A). Pretreatment of mice with RC-3095 immediately before the
injection of GRP abolished neutrophil accumulation in peritoneal cavity of mice (Fig. 1B),
indicating that GRP-induced neutrophil migration occurs specifically through activation of
GRPR. Furthermore, the chemoattractant effect of GRP (0.6 pg/cavity) in vivo was restricted
to neutrophils, since no recruitment of macrophages, B cells or T cells was observed from
1.5 hour to 72 hours (Fig. 1C and D), as assessed both by Diff-Quick staining and flow
cytometry. Collectively, these results indicate that GRP has a selective effect over

neutrophils in vivo, inducing their migration through activation of GRPR.

GRP-induced neutrophil recruitment in vivo depends on macrophages and TNF-a
production.

Neutrophil migration to sites of inflammation in vivo is mediated by the release of
cytokines and chemokines by resident cells, such as macrophages. Thus, we decided to
investigate the role of macrophages on neutrophil migration induced by GRP in vivo. We
performed macrophage depletion by injecting chlodronate lipossomes intraperitoneally in
mice. Twenty-four hours later, we injected GRP or saline i.p. Macrophage depletion was
assessed by flow cytometry analysis, staining peritoneal cells for CD11b+ and CD14+ (not

shown). Depletion of macrophages inhibited almost completely GRP induced neutrophil



migration (Fig. 2A), suggesting that GRP could activate macrophages to release cytokines
and/or neutrophil chemokines, attracting these cells to the peritoneal cavity of mice.

TNF-a is one of the major cytokines released by macrophages in response to
inflammatory stimuli. Neutrophil migration has been reported to be enhanced by TNF-q,
which can increase the expression of adhesion molecules on endothelial cells and
neutrophils (Wagner e Roth, 2000), facilitating cell arrival to inflammatory sites. To
investigate the role of TNF-a in this system, we pretreated mice with a commercial TNF-a
neutralizing antibody (Infliximab — 20 pg/cavity) or control human IgG twenty four hours
before GRP injection. We observed that blocking of TNF-a significantly inhibited GRP-
induced neutrophil recruitment to the peritoneal cavity (Fig. 2B). Altogether, these results
suggest that in vivo neutrophil recruitment through GRPR is dependent on macrophage

presence and TNF-a production.

GRP has a direct effect on neutrophils, acting as a chemoattractant molecule.

It has been recently demonstrated that neutrophils express GRPR (Zhou, Potts,
Cuttitta et al., 2011), and we have confirmed this expression both by western blot and Real-
time PCR (results not shown). It has also been demonstrated that endogenous molecules
can act as chemoattractants (Porto, Alves, Fernandez et al., 2007), inducing cell
chemotaxis. We therefore asked if GRP could have such an effect over neutrophils. In order
to investigate that, we allowed neutrophils to migrate toward increasing concentrations of
GRP in vitro, using a Transwell system. Our results showed that nanomolar amounts of GRP
are sufficient to induce neutrophil migration in a dose-dependent manner (Fig. 3A). A typical
bell shaped curve is observed, with the dose of 1nM of GRP consistently inducing the best
response. To investigate the effects exerted by RC-3095 over this phenomenon, we
performed a dose-response curve of this inhibitor using the optimal dose of GRP determined
previously. We observed that RC-3095 does not inhibit GRP-induced migration while in
equivalent nanomolar amounts (Fig. 3B). However, a 10-fold increase of the inhibitor
significantly blocks the effect of GRP on neutrophil migration, and a 20-fold increase
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completely abolishes it. We concluded that GRP can act as a chemotactic molecule, and this

effect is dependent on GRPR engagement.

Neutrophil migration induced by GRP is independent of Gai proteins, but dependent
on PLC-B, PI3K and MAPK.

The classical pathway of neutrophil migration involves triggering of GPCR receptors,
such as CXCR2 and BLT1, which release GBy subunits from Gai proteins, activating specific
signaling pathways, culminating in cell chemotaxis (Thelen, 2001; Rot e Von Andrian, 2004).
However, GRPR is coupled to Gaq proteins (Hellmich, Battey e Northup, 1997), which are
not typically identified with cell migration. It was possible that we were observing neutrophil
migration in response to GRP because GRPR could be associating with Gai proteins;
alternatively, GRP could be binding to a Gai-coupled GPCR, besides its typical, Gag-
coupled receptor, GRPR. To rule out these hypotheses, we first pretreated neutrophils with
Pertussis toxin (PTx), which irreversibly inhibits Gai proteins (Wettschureck e Offermanns,
2005), and allowed cells to migrate towards GRP or LTB,, used as a control. Pretreating
neutrophils with PTx abrogated their migration to LTB,4 but did not affect migration towards
GRP (Fig. 4A), suggesting that Gai proteins are not involved in neutrophil chemotaxis
induced by GRP.

More recently, it has been shown that chemoattractants can couple to different G
proteins to induce distinct responses by neutrophils (Prescott, Zimmerman, Stafforini et al.,
2000; Shibata, Konishi e Nakagawa, 2002). Since GRPR is coupled to Gaqg protein, and
triggering Gag-coupled receptors leads to activation of phospholipase C-p (PLC-B) (Neves,
Ram e lyengar, 2002), we decided to investigate the involvement of this effector molecule on
GRP-induced neutrophil migration. The pretreatment of cells with a selective inhibitor of
PLC-B, U-73122, abolished neutrophil migration towards GRP (Fig. 4B), indicating that GRP

activates PLC-f to induce neutrophil chemotaxis.
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To determine downstream signaling pathways activated in GRP-induced neutrophil
migration, we pretreated the cells with selective inhibitors of PI3K, ERK and p38. Blocking
these signaling pathways completely inhibited neutrophil migration towards GRP (Fig. 4C),
indicating that GRP activates PI3K and MAPK, similarly to other chemoattractant molecules.
Cell viability at the end of experiments was always higher than 97%, for controls as well as

for cells treated with inhibitors.

Neutrophil migration towards synovial fluid of arthritis patients can be blocked by RC-
3095.

Previous studies revealed an anti-inflammatory effect of RC-3095 in arthritis
(Oliveira, Brenol, Edelweiss et al., 2008) and sepsis models (Dal-Pizzol, Di Leone, Ritter et
al., 2006). This effect was attributed mainly to the inhibition of IL-1 and TNF-a production.
Other studies reported an increase of GRP concentrations in synovial fluid of arthritis
patients, correlating the neuropeptide with the severity of the disease (Grimsholm,
Rantapaa-Dahlqvist e Forsgren, 2005; Grimsholm, Rantapaa-Dahlqvist, Dalen et al., 2008;
Origuchi, Iwamoto, Kawashiri et al., 2010). In view of our results, we hypothesized that at
least part of the effect of RC-3095 in arthritis could be explained by an inhibition of neutrophil
recruitment to the arthritic joint.

To test this hypothesis, we analyzed neutrophil migration towards synovial fluid from
arthritis patients in our Transwell system. Synovial fluid induced neutrophil migration,
comparable to what is observed with GRP (Fig. 5A). The migration however is abrogated by
pretreatment of neutrophils with RC-3095, indicating that GRP in the synovial fluid can
activate GRPR and trigger neutrophil chemotaxis. The inhibition of neutrophil migration by
RC-3095 was comparable to what was observed with pretreatment of neutrophils with a
CXCR2 antagonist (SB225002) — the concentration of IL-8 in synovial fluid samples was
determined to be greater than 300 pg/ml (data not shown). To exclude the possibility that

GRP in synovial fluid could be binding directly to CXCR2, we allowed neutrophils pretreated
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with SB225002 to migrate towards GRP. This pretreatment did not inhibit GRP-induced

neutrophil migration (Fig. 5B), suggesting the effect of GRP was restricted to GRPR binding.

Discussion

Neutrophil recruitment to inflamed sites during an innate immune response to
infection or damage is a key aspect of the inflammatory response (Hickey e Kubes, 2009).
However, such a rapid response requires sentinel cells pre-stationed in the tissues, like
macrophages and mast cells. Macrophage-derived cytokines and chemokines attract and
activate neutrophils (Nathan, 2002). Once in the inflamed tissue, neutrophil migration is
governed by extracellular signals such as chemoattractant gradients. Neutrophil
chemoattractants include chemokines (Rollins, 1997; Rot e Von Andrian, 2004), cytokines
(Witko-Sarsat, Rieu, Descamps-Latscha et al., 2000), bacterial peptides (Hajishengallis e
Lambris, 2011), lipid mediators and complement-derived peptides (Wagner e Roth, 2000).
Despite the different nature of the ligands, all of them bind to, and activate G protein-coupled
receptors (GPCR) (Thelen, 2001). In this study we describe a new function for the
neuropeptide GRP and its receptor, GRPR, in the chemotaxis of neutrophils. Our results
indicate that GRP can directly induce the migration of neutrophils, which express GRPR.

Our initial observations in vivo indicated that macrophages could be induced to
secrete cytokines or chemokines that would attract neutrophils in response to GRP injection.
We performed extensive cytokine (IL-18, IL-6, IL-4, TNF-a, IL-10, IL-17, INF-y), as well as IL-
8 analysis in response to GRP stimulation of cells, such as murine peritoneal macrophages,
human monocytes and neutrophils, and bone marrow-derived dendritic cells (BMDC). We
did not observe induction of any of these mediators in any of these cells in response to GRP.
It is possible that peritoneal macrophages are producing other inflammatory mediators that
synergize with TNF-a recruiting neutrophils to the peritoneal cavity. Previous studies showed
that peritoneal macrophages (De La fuente, 1991) or total lymph node cells (Medina, 2005)

incubated with GRP migrated more efficiently towards casein and fMLP, respectively. It's



possible that in addition to being a chemotactic factor for neutrophils, GRP can also prime
cells to migrate towards other stimuli — a property that would be consistent with the growth
factor function described for this peptide (Lehy, Puccio, Chariot et al., 1986). However, in our
system, GRP acts as a specific stimulus for neutrophil recruitment, because no other cells
were observed to migrate to the peritoneal cavity in response to GRP injections.

We report here that GRPR mediates chemotaxis, acting independently of Gai
proteins. Despite the crucial importance of Gai proteins on chemoattractant-induced cell
migration, it has been known that chemokine receptors can couple to other classes of G
proteins, including Gaq proteins (Gerard e Gerard, 1994). Gai-coupled GPCR is known as a
“classical” chemokine receptor and it induces cell migration through release of the By
subunits from the G protein, which can activate selective signaling pathways, such as PI3K,
PKC and MAPKSs, culminating in cell chemotaxis (Neves, Ram e lyengar, 2002). However,
an alternative signaling pathway has been recently demonstrated which is induced by some,
but not all, chemoattractants. This alternative chemokine receptor signaling pathway is
dependent on Gag-containing G proteins (Shi, Partida-Sanchez, Misra et al., 2007). The
importance of Gag on neutrophil chemotaxis was revealed by using genetically deficient
murine neutrophils. Gag-deficient neutrophils are not able to migrate toward fMLP in vitro,
but they are still able to migrate toward IL-8, indicating that IL-8 is a ligand of the classical
pathway, while fMLP is a ligand of the alternative pathway. (Shi, Partida-Sanchez, Misra et
al., 2007). The same study also evidenced that this was a pathway employed by neutrophils,
but not other cells, such as BMDCs and T cells. We believe our results are in agreement
with these findings.

The activation of Gag-coupled receptors leads to dissociation of Gag and By
subunits. The “signature” activity of Gaq protein is to activate one or more PLC- isoforms,
which catalyze the production of the intracellular messengers inositol triphosphate (IP3) and
diacylglycerol (DAG), promoting intracellular calcium release (Neves, Ram e lyengar, 2002).
PLC-B2 and PLC-B3 were shown to be crucial for neutrophil activation induced by
chemokines (Thelen, 2001). Our results have demonstrated that GRP activates the PLC-32
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isoform, since the U-73122 inhibitor is specific for this isoenzyme (Hou, Kirchner, Singer et
al., 2004). GRPR is a well-known Gag-coupled GPCR (Hellmich, Battey e Northup, 1997),
and our results indicate that GRP is a ligand of the alternative signaling pathway.

Because Gaq also activates PI3K, and it has been shown that PI3K is essential for
neutrophil migration toward different chemoattractants (Hirsch, Katanaev, Garlanda et al.,
2000), we showed that activation of PI3K is essential for GRP-induced neutrophil migration.
We extended our observations by showing that besides the requirement of PLC-f2 and
PI3K, GRP also activates MAPK, such as ERK and p38, to induce neutrophil chemotaxis.
These pathways were analyzed because they are known to be downstream of GPCR. In
fact, different neutrophil chemoattractants, such as fMLP, IL-8, LTB, and C5a, activate ERK
and p38 to stimulate neutrophil migration (Heit, Tavener, Raharjo et al., 2002; Coxon, Rane,
Uriarte et al., 2003), after triggering either classical or alternative chemokine receptors.

Our results provide a candidate mechanism for the anti-inflammatory effect of GRPR
antagonist RC-3095 in models of arthritis (Oliveira, Brenol, Edelweiss et al., 2008) and
sepsis (Dal-Pizzol, Di Leone, Ritter et al., 2006). We can also extend our hypothesis to
explain the pro-inflammatory effect of GRP, since a GRP blocking agent effectively
prevented asthma exacerbation in animal models (Zhou, Potts, Cuttitta et al., 2011). Yet, the
effective role of GRP in inflammation has not been characterized. This is the first study to
demonstrate that injection of GRP can lead to upregulation of an inflammatory process.

The migration of neutrophils to arthritic joints has been linked to the severity of
disease (Santos, Fan, Hall et al., 2011). The presence of GRP in inflammatory scenarios,
independently of infection, could either directly recruit neutrophils via a non-classical
pathway, as well as induce macrophages to produce other neutrophil-recruiting molecules
(model summarized in Figure 6), and both are blocked by RC3095. The fact that GRP is a
neuropeptide poses the intriguing possibility that neutrophil recruitment, and consequent
disease exacerbation, could ensue in situations of emotional stress, when GRP can be
released by neurons (Martinez e Tache, 2000; Kamichi, Wada, Aoki et al., 2005). Disease
relapse in response to stress is a common aspect of autoimmune diseases (Stojanovich,
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2010), as well as asthma (Frieri, 2003). We are currently performing studies to clarify the in
vivo mechanisms mediating cell migration induced by GRP, to optimize the use of molecules

that block GRP or GRPR in inflammatory diseases.
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Methods

1. Mice and Reagents

Mice (C57BI/6 females, 6-8 weeks old) were purchased from FEPPS (Porto Alegre, Brazil)
and were housed in temperature-controlled rooms and given water and food ad libitum until
use. Care and handling of the animals were in accordance with the National Institute of
Health Guidelines. Gastrin-releasing peptide (GRP) and chlodronate lipossomes were
purchased from Sigma. RC-3095, originally synthesized in the Schally laboratory by solid-
phase methods, was made by Zentaris (Frankfurt am Main, Germany). LTB4, LY294002
(PI3K inhibitor), PD98059 (ERK inhibitor), SB203580 (p38 inhibitor), SB225002 (CXCR2
antagonist), were purchased from Cayman Chemical. U-73122 (PLC- inhibitor) was a gift
from Dr. Marcelo T. Bozza, UFRJ. Infliximab was donated by the Rheumatology Service of
S&do Lucas Hospital. Synovial fluid was obtained from patients diagnosed with rheumatoid
arthritis by physicians of the Rheumatology Service of Sdo Lucas Hospital, at PUCRS. All

patients signed an informed consent term approved under Ethics protocol nr. 858/05-CEP.

2. Human neutrophil isolation

Human neutrophils were isolated from heparin-treated peripheral venous blood of healthy
human volunteers using a gradient of Histopaque-1077 (Sigma-Aldrich). Erythrocytes were
removed by hypotonic lysis and neutrophils were resuspended in RPMI 1640 medium 2%
fetal calf serum (FCS). Neutrophil purity and viability were always higher than 97 and 99%,

respectively.

3. Neutrophil chemotaxis assay

Neutrophil chemotaxis was assayed in a Transwell System (Corning) using 5-um
polycarbonate membrane. Inducers of neutrophil chemotaxis were added to the bottom wells
in RPMI 1640 medium in the presence of 2% FCS. Neutrophils suspended in RPMI 1640 in

the presence of 2% FCS (2 x 10° cells/100uL) were added to top wells and incubated for 2 h
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at 37°C under 5% CO, atmosphere. Following incubation, the migrated neutrophils were
collected and counted in Neubauer chambers. Neutrophil migration toward RPMI 1640
medium alone (random chemotaxis) was used as negative control, and migration toward 1
nM leukotriene B, (LTB4) was used as positive control. To evaluate the involvement of PLC-
B, PI3K, MAPK (p38 and ERK) and CXCR2 on GRP-induced neutrophil chemotaxis, the
cells were pretreated with selective inhibitors at 37°C under 5% CO, for 1 hour. To analyze
the role of Gai protein, cells were pretreated with Pertussis toxin (PTx) at 37°C under 5%
CO; for 2 hours. The trypan blue exclusion assay was used to evaluate the viability of cells
treated with these inhibitors, and at the end of incubation the cellular viability was always
higher than 97%. The chemotactic index was calculated as the ratio of the number of
migrated neutrophils in chemoattractant-containing wells divided by the number of

neutrophils that migrated to RPMI 1640 medium alone.

4. In vivo neutrophil migration assay

Intraperitoneal single injections of GRP (0.06 - 6 pg/cavity) and/or RC-3095 (6 pg/cavity)
were performed in a volume of 200 pyL. The control group received an intraperitoneal
injection of endotoxin-free saline solution in a same volume. After 4 h of injection, the
animals were sacrificed in a CO, chamber, and their peritoneal cavities were rinsed with 3
mL of cold phosphate-buffered saline. Total leukocytes in the peritoneal fluid were
determined in Neubauer chambers after dilution in Trypan solution. Differential counting of

leukocytes was carried out on Diff-Quick (Baxter Travenol Laboratories)-stained slices.

5. Flow Cytometry

Peritoneal cells were washed in PBS, blocked for 15 minutes in ice with Fc Block solution
(supernatant of 24G2 cells supplemented by 5% mouse serum and 10 % rat serum), and
stained in flow cytometry buffer (PBS 1% fetal calf serum and 0.01% sodium azide) with the
following mouse antibodies from Beckton Dickinson: anti-CD14 PE, anti-GR-1 PE, anti-
CD11b APC, anti-CD11c PE-Cy7, anti-CD4 FITC, anti-B220 PE-Cy5.5.
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6. Ethics
This study was approved by the Ethics committee at PUCRS under protocol nr CEUA

10/00186.

7. Statistical Analysis

Data are presented as mean + S.E. Results were analyzed using a statistical software
package (GraphPad Prism 5). Statistical differences among the experimental groups were
evaluated by analysis of variance with Tukey correction or with Student’s t test. The level of

significance was set at p < 0.05.
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Figure Legends

Fig.1. GRP induces neutrophil recruitment to the peritoneal cavity of mice.

A) Mice were injected i.p. with different doses of GRP (0.06 — 6 pg/cavity). After 4h, animals
were sacrificed and differential counts in the peritoneal fluid were determined. **p <0.01
compared to saline-treated group. B) Mice were injected with GRP (0.6 pg/cavity), RC-3095
(6 pg/cavity), or RC-3095 (6 ug/cavity) + GRP (0.6 pg/cavity). The control group received an
i.p. injection of endotoxin-free saline solution. *** p<0.001 compared to GRP-injected group.
C) Mice were injected with GRP (0.6 ug/cavity). After 1.5, 4, 8, 16, 24, 48 and 72 hours,
animals were sacrificed, cells were cytocentrifuged, stained with Diff-Quick and cell counts in
the peritoneal fluid were determined. Filled circles represent neutrophil counted on saline
control groups and open circles are neutrophils counted on GRP-treated groups (N¢ =
neutrophils). Filled squares represent other mononuclear cells counted on saline control
groups and open squares are the other mononuclear cells counted on GRP-treated groups
(MN= other mononuclear cells counted). *** p<0.001 compared to saline-injected group. D)
Mice were injected with GRP (0.6 pg/cavity). After 1.5, 4, 8, 16, 24, 48 and 72 hours,
animals were sacrificed and cell in the peritoneal fluid were analyzed by flow cytometry.
Gates 1 through 4 were determined based on FSC x SSC distribution and staining with
CD14, CD1llc, CD4, B220. Gl=lymphocytes; G2=larger Ilymphocytes and DCs;
G3=macrophages; G4=neutrophils. For each of the gates grouped, filled forms represent
saline control groups and open forms are GRP-treated groups. Data are representative of
two independent experiments (n = 4 for each group of treatment) and expressed as the

mean + S.E. of the number of cells in the peritoneal fluid.
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Fig.2. GRP-induced neutrophil recruitment in vivo depends on macrophages and TNF-
o production.

A) Mice were injected i.p. with a single dose of chlodronate lipossomes (500 ug/cavity) to
deplete macrophages, or with saline as control, 24 h prior to GRP (0.6 ug/cavity) or RC-3095
(6 pg/cavity) + GRP (0.6 pg/cavity) injection. After 4 h of injection, animals were sacrificed,
their peritoneal cavities were rinsed with cold PBS and differential counts in the peritoneal
fluid were determined. *** p<0.001 when compared to GRP-injected group. B) Mice were
pretreated with anti-TNF mAb (Infliximab - 20 pg/cavity) or IgG control (20 pg/cavity) prior to
i.p. injection of GRP (0.6 pg/cavity). Four hours later, animals were sacrificed and differential
counts in the peritoneal fluid were determined. Data are representative of two independent
experiments (n = 4 for each group of treatment) and expressed as the mean + S.E. of the

number of cells in the peritoneal fluid.

Fig.3. GRP has a direct chemoattractant effect on neutrophils.

A) Human neutrophils were allowed to migrate toward different concentrations of GRP
(0.001 — 10 nM) in the presence of 2% FCS for 2 h at 37°C under 5% CO, atmosphere.
**p<0.01 and *** p<0.001 compared to negative control. B) Neutrophils were preincubated
with RC-3095 (1 — 20 nM) for 1 hour at 37°C under 5% CO, and stimulated to migrate
toward GRP (1 nM) for 2 h at 37°C under 5% CO,. *** p<0.001 compared to negative control
and ### p<0.001 compared to GRP-treated group. Following incubation, the migrated cells
were counted, and the chemotactic index was calculated. The negative control was medium
alone, and the positive control was LTB, (1 nM). Data are representative of two independent

experiments, performed in triplicate for each sample, and expressed as mean + S.E.

Fig.4. GRP induces neutrophil migration independently of Gai protein and
dependently on PLC-B2, PI3K and MAPK.

Neutrophils were preincubated with: A) Pertussis toxin 100 ng/ml (Gai protein inhibitor) for 2
h; B) U-73122 1 uM (PLC-B2 inhibitor); C) LY294002 50 pM (PI3K inhibitor), SB203580 10
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MM (p38 inhibitor) and PD98059 30 uM (ERK inhibitor) for 1 h at 37°C under 5% CO, and
stimulated to migrate toward GRP (1 nM) or LTB4 (1 nM) for 2 h at 37°C under 5% CO,.
Following incubation, the migrated cells were counted, and the chemotactic index was
calculated. Data are representative of two independent experiments, performed in triplicate
for each sample, and expressed as mean * S.E. *** p<0.001 compared to negative control

and ### p<0.001 compared to LTB,4- or GRP-treated group.

Fig.5. Synovial fluid-induced migration of neutrophils is partially inhibited by RC-3095.
A) Human neutrophils were allowed to migrate toward GRP (1 nM) in the presence of 2%
FCS for 2 h at 37°C under 5% CO, atmosphere or synovial fluid of an arthritis patient, with or
without incubation with RC-3095 or SB225002 (CXCR2 antagonist). The negative control
was medium alone. B) Neutrophils were preincubated with SB225002 (300 nM) for 1 hour at
37°C under 5% CO, and stimulated to migrate toward GRP (1 nM) for 2 h at 37°C under 5%
CO.. Following incubation, the migrated cells were counted and the chemotactic index was
calculated. Data are representative of two independent experiments, performed in triplicate
for each sample, and expressed as mean + S.E. ***p <0.001 compared to negative control,

### p<0.001 compared to synovial fluid group.

Fig.6. Schematic representation of the proposed mechanisms underlying GRP-
induced neutrophil migration.

Intraperitoneal injection of GRP attracts neutrophils, either indirectly, in a process dependent
on macrophages and TNF-a, or directly binding to GRPR expressed by neutrophils,
signaling through Gag protein, dependent on PLC-B2, PI3K, ERK, and p38. GRPR

antagonist RC-3095 blocks binding of GRP to its receptor, inhibiting chemotaxis.
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3.1.CONSIDERACOES FINAIS

Nesse trabalho caracterizamos um novo papel de resposta da interacdo do GRP ao seu
receptor especifico, GRPR, descrevendo esse receptor como um receptor quimiotatico.
Observamos que o neuropeptideo GRP pode induzir de forma direta a migracdo de neutrofilos
humanos em um gradiente dose-dependente em forma de sino, classicamente encontrado quando
se analisam os fatores quimiotaticos. Atestamos que essa migracdo depende de uma via
alternativa de quimioatragdo, ndo dependente de proteina Gai, e provavelmente dependente de
proteina Gog, pois 0 GRPR ¢é um receptor transmembrana dessa natureza. Esse receptor atua
através de vias de sinalizacdo como PLC-B2, PI3K ¢ MAPK, p38 ¢ ERK (resumo na figura 6 do
Artigo Cientifico), que descrevemos através do pré-tratamento com antagonistas para essa
quinases.

A migracdo de leucdcitos conhecida até recentemente dependia da ativacéo de receptores
quimiotaticos acoplados a proteina Gai (Rot e Von Andrian, 2004). Nos ultimos anos foi
descoberta a participacé@o de receptores que se apresentam acoplada a proteina Gaq (Shi, Partida-
Sanchez, Misra et al., 2007). Este trabalho caracterizou um novo receptor que possivelmente
atua através dessa via de quimioatracdo alternativa. Porém, estudos complementares devem ser
realizados para confirmar esse fato. Além disso, as outras vias de sinalizacdo, inducdes de
modificacbes no citoesqueleto e de ativacdo celular ainda nao foram estudadas durante a inducéo
de proteina Gaq na quimiotaxia, e muito menos em resposta a indugéo por GRP.

In vivo, encontramos uma ativacao indireta do recrutamento de neutrofilos, sendo abolida
pelo anticorpo contra TNF-a, uma citocina pro-inflamatoria chave para as respostas
inflamatdrias. Todavia, ndo encontramos nenhuma producédo de outras citocinas (IL-1p IL-2, IL-
4, IL-6, IL-10, IL-17, TNF, INF-y) induzida por GRP ou diminuicdo destas, comparada ao
controle, pelo antagonista especifico RC-3095 em macrofagos peritoneais, BMDCs (Bone
marrow-derived dendritc cells) e linfocitos T de camundongos, assim como neutréfilos, DCs e
linfocitos humanos.

Realizamos Western Blot e Real-Time PCR para confirmar que todas essas
subpopulacdes de células imunes pesquisadas expressavam o GRPR. Inicialmente no projeto,
este dado era desconhecido na literatura, mas recentemente foi elucidado e por isso nédo foi

apresentado no artigo cientifico (Zhou, Potts, Cuttitta et al., 2011). Também observamos que a
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linhagem de melanoma murino B16/F10 expressa o receptor, e este dado serd incluido em
proximos estudos de nosso grupo de pesquisa.

Como o GRP tem um papel importante como fator de crescimento, procuramos verificar
se o tratamento com GRP e RC-3095 de linfécitos humanos e murinos, induzidos com PHA
(fitohemaglutinina) ou ConA (concavalina A), respectivamente, poderiam alterar a proliferacao
de linfécitos T, observada através do método de CFSE (Carboxyfluorescein succinimidyl ester).
Todavia, ndo encontramos nenhuma diferenca significativa por essa abordagem. Também
tentamos verificar se a maturacdo de BMDCs era influenciada pelo tratamento com GRP ou RC-
3095. Utilizando citometria de fluxo e anticorpos marcadores de maturacdo (CD11lc, CD86 e
B220), novamente ndo houve alteracdes comparadas ao controle nesses parametros.

O papel dos neuropeptideos na Artrite Reumatdide (RA) foi recentemente descrito
(Grimsholm, Rantapaa-Dahlqvist e Forsgren, 2005; Origuchi, lwamoto, Kawashiri et al., 2010),
relacionando o GRP principalmente com a severidade da doenga. Como neutrdfilos estdo
envolvidos na inflamacgéo das regides efetadas, adaptamos nosso modelo de quimioatracdo para
verificar a influéncia do GRP contido no liquido sinovial (LS) de paciente diagnosticados com a
doenca. Verificamos que pré-tratando neutrofilos com RC-3095, reduzimos a estimulacdo da
migracdo em direcdo ao LS. Fato esse ndo foi dependente da citocina IL-8 presente no LS. Esse
resultado, somado ao de outros autores, expressa que novos estudos utilizando o RC-3095 para o
tratamento de RA devem ser desenvolvidos (Oliveira, Brenol, Edelweiss et al., 2008).

Como abordado na introducéo, a literatura de GRP predominantemente desenvolve-se em
torno de sua fungdo tumoral. Como sabemos, o sistema imune regula das mais variadas formas a
prevencdo do desenvolvimento tumoral, assim como por vezes os tumores aproveita-se de alguns
tipos de respostas dele, como inflamacdo, para progredir (Swann, Vesely, Silva et al., 2008;
Hanahan e Weinberg, 2011). Em nossa descri¢do, o0 GRP esta atuando diretamente, assim como
indiretamente, como um quimioatrator de neutréfilos, o que evoca novas perguntas sobre o papel
desse peptideo na evolugdo de metastases e o crescimento tumoral estimulado pela resposta
inflamatdria associada a essas células imunes migratorias.

A funcdo neuronal do GRP também foi bastante elucubrada e podemos assim fazer um
paralelo das possiveis influéncias do peptideo e seu receptor dentro das vias de interagdo do
sistema nervoso e o sistema imune. Influéncias do estresse, depressdo e desordens psiquiatricas

em respostas imunes sdo conhecidas, porém dificilmente tratadas com essa perspectiva
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(Segerstrom e Miller, 2004). Estudos mais aprofundados sobre a producdo e atuacdo dos
neuropeptideos modulando processos imunologicos ainda devem ser desenvolvidos, assim como
estudos mais detalhados sobre os efeitos do RC-3095 durante essa regulacéo.

Em suma, esse trabalho vem a contribuir na compreensdo do GRP como molécula pré-
inflamatoria e propor um novo mecanismo pelo qual a ligacdo GRP/GRPR atua em doengas
inflamatdrias. Por conseguinte, propomos que futuros estudos utilizem-se dessa informacdo para

avaliar melhores tratamentos para essas doengas.
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