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RESUMO

Nucleotideos extracelulares sdo moléculas sinaizad importantes que medeiam
diversos efeitos bioldgicos, através da ativacadcedeptores purinérgicos. O ATP é liberado em
resposta ao dano celular e os receptores P2X7népapel essencial no inicio e na manutencéo
das varias alteracdes patoldgicas. A cistite hedmara (CH) € um efeito adverso bem conhecido
da terapia com ciclofosfamida (CYP), observada aoigntes sob tratamento de muitos tumores
sélidos e doencas auto-imunes. Este trabalho teweo cobjetivo determinar o papel dos
receptores P2X7 no modelo de CH induzida por CYP aamundongos. Os efeitos do
antagonismo farmacolégico ou auséncia génica deptec P2X7 na CH induzida pela CYP
foram avaliados em uma série de parametros notiogpe inflamatérios. Além disso, a
imunopositividade para o receptor P2X7 foi investig através de analise imunoistoquimica. O
pré-tratamento com o antagonista seletivo do recd2X7 (A438079) ou a delecdo génica do
receptor P2X7 reduziu os escores indicativos depoot@amento nociceptivo. As mesmas
estratégias produziram uma reducdo significante iddees de edema e hemorragia, como
indicado pela avaliagdo macroscopica e histolégizatratamento com o A438079 também
diminuiu significativamente a marcacdo positivaaparFos na medula espinhal e em areas
corticais do cérebro. Notavelmente, a administradgdoA438079 preveniu o aumento da
atividade de MPO, da migracéo de macrofagos e idessrde IL-B e TNFa no tecido vesical de
animais que receberam CYP. Por fim, foi detectadcaumento significativo do receptor P2X7
na bexiga de animais tratados com CYP. O presettgle revelou a importancia do receptor
P2X7 na CH induzida pela CYP. A inibicdo farmacidégdeste receptor poderia representar
uma nova alternativa terapéutica para esta congefmlogica ou, ainda, em outros tipos de

cistite sem origem definida.

Palavras-chave:receptor P2X7; cistite hemorragica; ciclofosfamifld38079; dele¢c&o génica;
camundongos.



ABSTRACT

Extracellular nucleotides are important signalinglenules that mediate many biological
effects, through the purinergic receptor activatiéTP is released in response to cellular
damage, and P2X7 receptors have an essentialnrdiie ionset and maintenance of pathological
changes. Haemorrhagic cystitis (HC) is a well knoadverse effect of therapy with
cyclophosphamide (CYP) used in patients under thatrhent of many solid tumours and
autoimmune conditions. This study aimed to deteentire role of P2X7 receptors in the mouse
model of HC induced by CYP. The effects of pharnhagical antagonism or genic absence of
P2X7 receptor in CYP-induced HC was assessed ieriassof nociceptive and inflammatory
parameters. In addition the immunopositivity forX?2receptors was investigated by means of
immunohistochemistryThe pre-treatment with the selective P2X7 receptaagonist A438079
or genic ablation of P2X7 receptors inhibited tleeioeptive behaviour score induced by CYP.
The same strategies produced a significant reductidooth oedema and haemorrhage indexes,
as indicated by either macroscopic or histologiesfaluation. A438079 treatment also
significantly decreased the positive staining fétas in the lumbar spinal cord and brain cortical
areas. Noteworthy, the administration of A438079kmdly prevented the increase of urinary
bladder MPO activity and macrophage migration ireduby CYP, and widely reduced the tissue
levels of IL-13 and TNFx. Finally, P2X7 receptor was found strikingly up-réged in the
bladders of CYP-treated mice. The present studgaled the importance of P2X7 receptors in
HC induced by CYP. The pharmacological inhibitidntleese receptors might represent a new

therapeutic alternative for this pathological cdiadh.

Keywords: P2X7 receptor; haemorrhagic cystitis; cyclophospdamA438079; genic ablation,

mice.



ABREVIACOES

ADP — Adenosina difosfato

AMPc — Adenosina monofosfato ciclico

ATP — Adenosina trifosfato

A438079- 3-[[5-(2,3-diclorofenil)-H-tetrazol-1-yl]metil]cloridrato de piridina
BzATP - trifosfato de adenosina benzoila

CH - Cistite Hemorragica

COX-2 — Ciclo-oxigenase 2

CYP - Ciclofosfamida

HTAB — Brometo de Amonio Hexadeciltrimetil

IL-1 B — Interleucina 1beta

iINOS — Oxido Nitrico Sintase Induzivel

KO — Knockout

Mesna— 2-mercaptoetanosulfonato de sodio

NO — Oxido Nitrico

NOS — Oxido Nitrico Sintase

PAF — Fator de Ativacdo Plaquetaria

PBS- Solugdo Tampéao fosfato salina

PPADS- Piridoxal-fosfato-6-azofenil-2’,4’-dissulfonato
TBS — Solugdo Tampéo Salina Tris

TGF-p — Fator de transformacao do crescimento beta
TNF-a — Fator de Necrose Tumoral alfa

UDP - Uridina difosfato

UTP — Uridina trifosfato
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1. Introducao

A cistite hemorragica (CH) é uma alteragdo da mauads bexiga, caracterizada pela
presenca de hematuria e sintomas de irritabilidede,como disuria, frequéncia e urgéncia na
miccao (Traxer et al., 2001; Nickel, 2002; Cheuklet2007; Manikandan et al., 2010). Pode ser
causada por agentes quimicos ou por radiacdo. deatagentes quimicos que causam a CH
estdo as oxafosforinas (ciclofosfamida e ifosfagida o busulfano, além de outros
medicamentos como as penicilinas e os antiinflanmsondo esteroidais, que podem
ocasionalmente gerar CH. A CH também pode ser widarapos a radioterapia para o
tratamento de carcinomas proximos a regiao pélfAode ainda estar relacionada com infeccoes
virais (por poliomavirus, adenovirus ou citomegalas), bacterianas, fangicas ou parasitarias
(Traxer et al., 2001; Neheman et al., 2005; Girgiual., 2006; Cheuk et al., 2007; Manikandan et
al., 2010). Muitos casos de CH leve séo resolvekpgontaneamente sem complicacdes; porém
casos de CH moderada a severa podem resultar emficsigte morbidade ou até mesmo
mortalidade (Cheuk et al., 2007; Manikandan et28110).

A ciclofosfamida (CYP) € um agente alquilante, gtiea de maneira inespecifica no ciclo
celular, sendo usada comumente no tratamento desrtumores solidos, neoplasia de células B
e em algumas doencas auto-imunes (lupus e asdtiteatdide). Além disso, pode ser usada apés
transplante de medula Ossea, devido a sua potditelade imunossupressora, sendo
administrada por via oral ou intravenosa (Croagtal.; 1996, Wong et al.; 2000, Chow et al.;
2006; Brunton et al. 2006; Mesquita et al. 2007).

Quando utilizada como terapia adjuvante para o erade mama, bem como para
pacientes com linfomas e leucemia linfocitica arana dose recomendada é 100 migftarante
14 dias. E também utilizada no tratamento do caeenama e dos linfomas em uma dose mais
alta, de 500 mg/f por via intravenosa, a cada 2 a 4 semanas, podgnda ser associada a
outros farmacos. E um componente essencial utdizad muitas combinacbes de farmacos,
como por exemplo, a associagdo com metrotrexalooeotiracila na terapia adjuvante apos
cirurgia do carcinoma de mama (Brunton et al. 2006)

A CYP é metabolizada no figado gerando a 4-hidiokifosfamida e, em equilibrio
dindmico, seu tautdbmero aciclico, a aldofosfamidd-hidroxifosfamida pode ser oxidada pela

aldeido-oxidase no figado ou no tecido tumoral prodlo os metabdlitos inativos
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carboxifosfamida e 4-cetociclofosfamida (Figura 1A aldofosfamida e a 4-
hidroxiciclofosfamida, séo transportados pela dacéio até as células tumorais. Nestas células, a
aldofosfamida sofre clivagem produzindo uma mostatlé fosforamida (agente ativo) e a
acroleina que é diretamente téxica para o urofilianc et al., 1992; Wong et al., 2000; Rang et
al. 2004; Korkmaz et al., 2007).

Inactivation pathways Activation pathways
cl
\_.\ HN— Cyeclophosphamide (CPA)
N-Dechloroethyl CPA s—— N—R ) i
— 0 o CYPZAG
Cl CYPZB&
— CYFIC19
CYPCH
cl, OH CYPIA4/S
M HN—
4-Ketg CPA  — N—___[-'; 3 4-Hydroxy CPA
Iy ; L_}I l‘u "'I
Cl
Cl I 0
M NH¢
Carboxy CPA N P : Aldophosphamide

—— NH; 0
N—F, L
i N o
I)(—’ O OH ‘
Cl
Phosphoramide mustard Acrolein

Copyright & 2006 Mature Publishing Group
Mature Reviews | Cancer

Figura 1. Metabolismo da ciclofosfamida.

Além de ser um metabdlito da CYP, a acroleina ecoaturalmente em alimentos e é
formada durante a combustdo de materiais organeste modo, a acroleina é encontrada em
todos os tipos de fumaca, incluindo fumaca de mgéBrunton et al., 2006; Korkmaz et al.,
2007).
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Um dos efeitos adversos mais comuns da CYP é exicmtade, que pode incluir cistite
hemorragica e fibrose na bexiga (Crocitto et @961 Wong et al., 2000; Manikandan et al.,
2010). A incidéncia de toxicidade é maior com aia@tracdo intravenosa, em compara¢cao com
a via oral. Ademais, os danos uroepiteliais indogigela CYP podem ocorrer em outros 6rgaos,
além da bexiga (Wong et al., 2000; Chow et al. 2@®w et al. 2007).

Uma maneira de evitar a cistite hemorragica é fazbidratacdo do paciente a fim de
manter o fluxo urinario, além da irrigagdo da bexigrevenindo deste modo a obstrucéo do trato
urinario (Traxer et al., 2001; Cheuk et al., 208fgnikandan et al., 2010). Outra conduta &
associar a CYP agentes que neutralizam seu metakiokico (acroleina), tal como o 2-
mercaptoetanosulfonato de sdédio (Mesna). A admagdb sistémica de Mesna resulta em
detoxicacdo regional do sistema urinario (Moraisalet 1999). E recomendada uma dose de
Mesna 20% da dose da CYP (Manikandan et al., 20Q0Mesna se liga a acroleina e esta
interacdo resulta em um composto inativo, ndo adolea atividade antitumoral do farmaco
(Crocitto et al., 1996; Morais et al.,, 1999). Potta o Mesna € indicado para prevenir a
ocorréncia de cistite hemorragica, embora nédo efejivo quando a leséo ja esta estabelecida
(Morais et al., 1999).

Outros métodos de prevencéo e tratamento da Cldeimch instilacdo intravesical de
salina, formalina, nitrato de prata e prostaglaaslira administracdo oral de dissulfiram e N-
acetilcisteina e a terapia com oxigénio hiperbaridbedidas mais agressivas envolvem
embolizacdo da artéria hipogastrica, cistectomra conduto ileal e aumento da bexiga (Traxer
et al., 2001; Neheman et al., 2005; Chow et al062@how et al., 2007; Manikandan et al.,
2010).

Citocinas como TNF: e IL-1 sdo medidores cruciais envolvidos nos esent
inflamatdrios e também em danos ao urotélio. O @xiirico (NO) é o medidor final do dano e
da hemorragia urotelial na cistite. A inducao d&lé»nitrico sintase (NOS) na bexiga inflamada
parece ser dependente da ativacdo de dMFdo fator de agregacao plaquetaria (PAF) (Morais
et al., 1999). Embora vérios estudos tenham siddindglos a determinacdo dos processos
relacionados com a urotoxicidade da CYP, os mecmsasexatos envolvidos nestas alteracbes
ainda n&o sao completamente conhecidos (Manikagtdzn 2010).

Purinas extracelulares (adenosina, ADP, e ATP) reniiinas (UDP e UTP) sao

moléculas sinalizadoras importantes que medeiaprsitig efeitos bioldgicos, através da ativacao
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de receptores purinérgicd® conceito de que o ATP é uma molécula sinalizadateacelular,
além de estar envolvido no metabolismo celular cama fonte de energia, levou muito tempo
para ser aceito (Ralevic and Burnstock, 1998; Baoks 2006e; Burnstock, 2006b; White and
Burnstock, 2006; Burnstock, 2007; Burnstock, 2011).

Estudos realizados por Namasivayam e colaborad@889) descreveram que o ATP é
liberado endogenamente durante a distensdo daab@xigsumivelmente do urotélio), estando
diretamente envolvido na ativacdo mecanossensitivanervo pélvico aferente originado da
bexiga. Existem varias evidéncias mostrando queT® Asta envolvido na neurotransmissao
eferente, ndo-adrenérgica e néo-colinérgica daghedé muitas espécies animais, incluindo o
rato (Namasivayam et al., 1999; Tempest et al.4280n and Chai, 2006; Burnstock, 2011).

Existem duas familias principais de receptoresngugicos: receptores de adenosina ou
P1 e, os receptores P2, que reconhecem principemdrP, ADP, UTP, e UDP. Os receptores
P1/Adenosina sdo acoplados a proteina G e se sigdivem quatro subtipos,;AAza, Azs, €
A3 de acordo com a estrutura molecular, bioquimicaraoterizagédo farmacoldgica. Baseado em
diferentes estruturas moleculares e mecanismo atesducdo de sinal, os receptores P2 se
dividem em duas familias de receptores: receptB&$ ionotrdpicos e P2Y metabotropicos.
Atualmente, sete subtipos de receptores P2X (P2R2X¥) e oito subtipos de receptores P2Y
(P2Y1, P2Y,, P2Yi, P2Ys, P2Y11, P2Y1,, P2Yi13 P2Yi,) ja foram identificados (Ralevic and
Burnstock, 1998; Burnstock, 2006b; Burnstock, 2Q0Barnstock, 2006d; Burnstock, 2007,
Surprenant and North, 2009). Exemplos do poterierapéutico dos receptores P2Y incluem:
receptores P2Y1 envolvidos na agregacdo plaquetanieceptores P2Y2, responsaveis pelo
aumento do fluxo de ions cloro, sendo alvos paratamento de fibrose cistica (von Kugelgen
and Wetter, 2000).

A Adenosina regula muitas funcdes fisioldgicas sistkemas cardiovascular, respiratorio,
renal, imune, e sistema nervoso central e perdépela ativacdo de receptores de adenosina
ligados a proteina G (receptor P1). Os receptates P2Y sdo geralmente expressos has mesmas
células (Ralevic and Burnstock, 1998; Burnstock)7J0Recentemente, foi demonstrado que a
adenosina evoca a hiperpolarizacdo da membranalexamento nas células do musculo liso da
bexiga de cobaias pela ativacdo de canais de pmtassadenilato ciclase e elevacdo de AMPc
(Gopalakrishnan et al., 2002).
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Durante o processo inflamatorio, ATP e adenosimalis&rados no sitio de inflamacao
como resultado do dano celular. Além disto, pode&n teansportados ativamente ao meio
extracelular sob ativacdo celular. Plaquetas agivag células endoteliais secretam ATP e ADP
sob condicdes de estresse fisiologico (Luttikhuieeml., 2004; Burnstock, 2006b; Di Virgilio,
2007a). O ATP esta envolvido no desenvolvimentonflamacéo através de uma combinacédo de
acoes, que sado: liberacdo de histamina dos maspciprovocando a producdo de
prostaglandinas; e a producéo e liberacdo de sasaas células imunes. Ao contrario do ATP, a
adenosina tem uma acao antiinflamatoéria (Burnstd®R6b; Burnstock, 2006a; Surprenant and
North, 2009).

No urotélio normal da bexiga, estdo expressosubsipps de receptores purinérgicos
P2Yi1, P2Y, e P2Y,. Sabe-se que estes receptores ndo apresentaendaersignificativas na
distribuicdo ou densidade no urotélio da bexigaddi et al., 2004). Birder e colaboradores
(2004) evidenciaram uma reducéo significativa naressao do receptor P2¥m um modelo de
cistite intersticial em felinos. Os receptores P®iferentemente dos receptores P2X, ndo sao
expressos na musculatura lisa da bexiga (Birdal,62004).

Na bexiga normal, sdo expressos todos os setetoeegppurinérgicos P2X citados
anteriormente. O subtipo predominante é Pgxguido por P2X2, P2X1, P2X4, P2X5, P26
P2X7 (O'Reilly et al., 2001a; O'Reilly et al., 2001brder et al., 2004) Ha também receptores
heteromultiméricos tais como: P2X2/3, P2X1/2, PB{H2X2/6 e P2X4/6 (Burnstock, 2007).
Examinando a distribuicdo dos subtipos de recept®BX no musculo liso da bexiga urinaria foi
encontrado que o receptor P2X2 é o subtipo puric@mredominante, com menor expressao de
P2X1 seguido por P2X3 e P2X7. Os subtipos P2X4,53P2XP2X6 ndo foram identificados
(Birder et al., 2004). De fato, estudos chimrthern blottinge hibridizagc&on situ mostraram que
receptores P2X1 sdo predominantemente expressoausculo liso, receptores P2X4 e P2X6
sao principalmente expressos no cérebro, enquanteceptores P2X7 predominam em células
do sistema imune. Achados recentes mostram quétipaureceptor P2X3 é exclusivamente
expresso em neurdnios sensoriais de diametro pedNamasivayam et al., 1999).

Purinoceptores P2X e P2Y medeiam a contracdo garelento da musculatura lisa da
bexiga urinaria, respectivamente. A contracdo naedjgor purinoceptores P2X nas células do
musculo liso da bexiga urinaria depende do infldedons de Cda partir do meio extracelular.

Purinoceptores P2Y acoplados a proteina G, tai©d@ay;, P2Y, e P2Y, sdo conhecidos pela
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ativacao de fosfolipase C e por aumentar a proddeéanositol trifosfato (Ip) (Naramatsu et al.,
1997; Tempest et al., 2004; Rapp et al., 2005).08t0 lado, a ativacdo de receptores P2X leva
ao rapido influxo de Na+ e Ca2+ e efluxo de K+ultasdo na despolarizacdo da membrana e
um aumento de Ca2+ intracelular e ativacdo de gagativadas por mitdgenos (MAP quinases)
(Luttikhuizen et al., 2004).

Tempest e colaboradores (2004) mostraram pela pamez que o receptor P2X2 é
expresso pelo urotélio humano, assim como os re@pP2X3 que ja haviam sido anteriormente
descritos por estareexpressos neste tecido. A funcdo dos receptore BZX2X3 no urotélio
da bexiga humana ainda ndo € completamente enéemdas foi proposto que eles podem estar
associados com a modulacéo da informacdo send®eedptores P2Xque ja sdo considerados
como “receptores de dor” ao nivel neuronal, podambem sugerir o envolvimento nos
processos dolorosos da bexiga. Assim, a dor, ccipah sintoma em cistite, poderia estar
associada com as mudancas no sistema de sinalizagéérgica, como por exemplo, 0 aumento
na liberacdo de ATP induzido pelo estiramento, bemo o aumento da expressédo de receptores
P2X2 e P2X3 (Tempest et al., 2004; Rapp et al.52D@ng et al., 2008).

Inicialmente, o receptor P2X3 foi clonado, sendaxoatrado em altos niveis em
neurdnios sensoriais nociceptivos, propondo-se agie poderia ter um papel na dor aguda.
Entretanto, estudos recentes sugerem que € muisgonoxavel que este receptor seja importante
na mediacao da dor crénica (Kennedy, 2005). Apticasdogenamente, o ATP induz dor aguda
em humanos e animais, a qual é inibida pela summRPADS, e TNP-ATP; porém,
endogenamente, o ATP nado parece estar envolvidocieepcdo térmica ou mecanica, ja que as
respostas para estes estimulos apresentaram-seradas em animaiknockoutpara P2X3
(Cockayne et al., 2000; Souslova et al., 2000)rdfanto, estudos recentes tém demonstrado o
papel dos receptores P2Xa dor associada com inflamagéo cronica e dan@insugerindo um
papel central de desenvolvimento e manutencdo deeloopatica (Burnstock, 2006b). Outros
dados revelaram que a artrite experimental € rddurm auséncia de receptores P2X7, mostrando
a importancia deste receptor como regulador dadfumgflamatéria da célula e, sugerindo que
niveis de ATP gerados endogenamente, como resul@desposta inflamatoria, sdo suficientes
para ocupar este receptor ligado ao canal ibniabdsi et al., 2002).

Os receptores P2X7 tém sido descritos em divelstsnsas, tais como cardiovascular,

neuroldgico, sistema imune, gastrico, urogenitaéspiratdrio, assim como em dermatologia e
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oncologia (Burnstock, 2006b; Burnstock, 2007). @septores P2X7 existem em um numero
limitado de tipos celulares, mas sédo facilmenteeaéveis em linhagens de células

hematopoiéticas incluindo mondcitos, macréfagasféditos (Labasi et al., 2002; Chessell et al.,

2005; Yoon et al., 2007; Chen et al., 2010). Dedtvsistema nervoso central, receptores P2X7
séo localizados na microglia e células de Schwhem como em astracitos (Donnelly-Roberts

and Jarvis, 2007).

Os receptores P2X7 sdo ativados por altas congéesale ATP e com maior poténcia
pelo 2’,3'-O-(4-benzoylbenzoyl)-ATP (BzATP); porém.BzATP nédo é seletivo para o receptor
P2X; (Donnelly-Roberts and Jarvis, 2007). A estrutura rdceptor P2X consiste em trés
subunidades, sendo que cada uma delas é companmatagalfinho saindo da superficie do
oceano (membrana celular), com sua cauda submeasadigamada lipidica, conforme
apresentado na Figura 2b. Estes trés “golfinhos’estelacam mutuamente de forma a
circunscrever o poro central vertical (Figura 2dp Figura 2c sdo apresentadas as pontes
dissulfeto e, na Figura 2d é possivel observarcal lde ligagdo do ATP (Browne et al., 2010).
Varios antagonistas dos receptores P2X7 tém sgldifttados a fim de avaliar as fungfes deste
receptor. Foi publicado um estudo com a caracigaizaompleta de um antagonista do receptor
P2X7, AZ11645373, que mostrou alta afinidade peleptor de humanos, porém apresentou
baixa afinidade por receptores de ratos (Stokes.eR006). Outros antagonistas seletivos do
receptor P2X7 e com afinidade comparavel em humaraies e camundongos tem sido
desenvolvidos e caracterizados (Donnelly-Roberts &arvis, 2007; Donnelly-Roberts et al.,
20009).

A ativacdo do receptor P2Xesulta em abertura rapida e reversivel de cansssao
permeaveis a Na+, K+ e Ca2+. O receptor serve tantoéno um regulador da inflamacéo, pois
esta envolvido na producgéo de citocinas pré-infléanas, tais como TNé- e IL-18, levando a
inducdo de ciclooxigenase 2 (COX-2), metaloprosssa 6xido nitrico sintase (INOS) e
producdo de superoxidos. Além disso, estdo envasvith ativacdo de macrofago periférico e
glial, infiltracdo de neutrofilos e producéo degiaglandinas (Labasi et al., 2002; Chessell et al.,
2005; Chen and Brosnan, 2006; Di Virgilio, 2007b;\Dxgilio, 2007a; Donnelly-Roberts and
Jarvis, 2007; King, 2007; Yoon et al., 2007; Chealg 2010; Burnstock, 2011).
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Figura 2. Estrutura do receptor P2X (Retirado danBe et al., 2010; Trends in Pharmacological

Sciences).

De maneira interessante, o receptor P2¢m sido alvo de estudos para o
desenvolvimento de novos analgésicos (Burnstod@6@ing, 2007; Burnstock, 2009; Honore
et al., 2009; Burnstock, 2011). Assim, dados (Lakesal., 2002) recentes obtidos com
camundongo&nockoutpara P2Xou com novos antagonistas potentes e seletivos oestptor
indicam um papel crucial para o P2Xo inicio e na persisténcia de certos tipos dectmica
(Donnelly-Roberts and Jarvis, 2007).

Goncalves e colaboradores (2006) mostraram queceptores P2Xestdo envolvidos no
processo de inflamacédo intersticial e deposicdoca@légeno, em um modelo de obstrugéo
unilateral da uretra. Foi observado que camundokgoskoutpara o receptor P2Xapresentam
menos macrofagos no intersticio, menor populacémidébroblastos e deposicdo de colageno,
bem como, reducéo da expressao de PG@ie-intersticio renal. Também foi demonstrado que a
auséncia deste receptor torna as células epitefiaigs apoptoticas, sugerindo que a ativacao
dos receptores P2Xpoderia estar envolvida com a regulacdo da apepi@sncalves et al.,
2006). Neste contexto, tem sido proposto que a g prolongada de receptores P2X
agonistas leva a formacgédo de um poro citoliticoneanbrana celular, permitindo assim a entrada
de particulas maiores e conseqiente morte cel(Barnstock, 2006b; Di Virgilio, 2007a;
Donnelly-Roberts and Jarvis, 2007; Browne et &11().
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Considerando a gravidade dos quadros de cistiteotnégica (CH) associados ao
tratamento com os quimioterapicos CYP e ifosfangdainda, o ndmero limitado de opgdes
terapéuticas para controlar as alteragfes inflamaatée dolorosas relacionadas, torna-se
imprescindivel a realizacdo de novos estudos, aléndeterminar 0s mecanismos responsaveis
pelo estabelecimento deste processo patolégico.

Nos ultimos anos, tem aumentado o interesse tengial terapéutico de componentes
purinérgicos, incluindo agonistas e antagonistagdeptores, inibidores e estimuladores de ecto-
enzimas e, inibidores e estimuladores de transp@t&TP (Kennedy, 2005; Burnstock, 2006b;
Burnstock, 2006c¢; Burnstock, 2009; Burnstock, 2010)ATP ¢é gerado em resposta ao dano
celular na inflamacéo e o receptor R2¥m um papel essencial na inicializacdo ou magéten
de mudancas patologicas como um resultado de daftenmatdrios ou neuropaticos (Chessell et
al., 2005; Di Virgilio, 2007a). De fato, a liberacle mediadores inflamatorios resultante da
ativacao do receptor P2X7, pode estar relacionataas alteracdes inflamatorias e nociceptivas
observadas na cistite hemorragica (Wantuch e2@0D7). Neste contexto, o presente estudo teve
por objetivo principal determinar o papel dos réosgs P2X7 no modelo de cistite hemorragica
induzido pela aplicacdo de CYP em camundongos.
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2. Objetivos

2.1. Objetivo Geral

O presente estudo teve por objetivo avaliar o palesl receptores P2Xna cistite
hemorragica induzida por CYP em camundongos, ardeéiso de ferramentas farmacologicas,

bem como de animalsiockoutpara os receptores P2X7.

2.2. Objetivos Especificos

a. Avaliar os efeitos do bloqueio farmacolégico odedéo génica dos receptores P2X7 nas

alterac6es comportamentais induzidas pela CYP emm@@ongos;

b. Analisar os efeitos do bloqueio farmacoldgico eleddo génica dos receptores P3KlGre as
alteracdes inflamatorias vesicais (edema e hemajragpdés a aplicacdo de CYP em

camundongos;

c. Determinar os efeitos da inibicdo dos receptor@$7Psobre a migracdo de células para a

bexiga, induzida pela aplicacdo de CYP em camurmgragravés de analise histoldgica;

d. Avaliar os efeitos do bloqueio farmacolégico oled@&o génica dos receptores P2X7 sobre a

producéo local de citocinas, causada pela CYP emirndongos;

e. Avaliar a expressao dos receptores P2X7 em anitremdos com CYP, em comparacao a

animais controle, através de analise imunoistogqami

f. Analisar a ativacdo do marcador de atividade melroc-fos, em medulas e cérebros de
camundongos tratados com CYP, bem como, investgafeitos do bloqueio farmacologico ou

delecéo génica dos receptores P2X7 sobre este @aoam
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Summary

Background and purpose:ATP is released in response to cellular damageP@&xy receptors
have an essential role in the onset and maintenahgathological changes. Haemorrhagic
cystitis (HC) is a well known adverse effect of rdqgy with cyclophosphamide (CYP) used in
patients under the treatment of many solid tumaasautoimmune conditions. This study aimed
to determine the role of P2X7 receptors in the raousdel of HC induced by CYP.

Experimental approach: Effects of pharmacological antagonism or genic abseof P2X7
receptor in CYP-induced HC was assessed in a sefiesociceptive and inflammatory
parameters. In addition the immunopositivity forX?2receptors was investigated by means of
immunohistochemistry.

Key results: The pre-treatment with the selective P2X7 receptdagonist A438079 or genic
ablation of P2X7 receptors inhibited the nociceptdehaviour score induced by CYP. The same
strategies produced a significant reduction of lm#tiema and haemorrhage indexes, as indicated
by either macroscopic or histological evaluatiod38079 treatment also significantly decreased
the positive staining for c-Fos in the lumbar spowd and brain cortical areas. Noteworthy, the
administration of A438079 markedly prevented th@aase of urinary bladder MPO activity and
macrophage migration induced by CYP, and widelyiced the tissue levels of IL3Jand TNF.
Finally, P2X7 receptor was found strikingly up-ré&gad in the bladders of CYP-treated mice.
Conclusions and implications: Our study revealed the importance of P2X7 recepiorHC
induced by CYP. The pharmacological inhibition bkde receptors might represent a new
therapeutic alternative for this pathological cadiadh.

Keywords: P2X7 receptor; haemorrhagic cystitis; cyclophospdamA438079; genic ablation,

mice.



25

Abreviations

CYP, cyclophosphamide; HC, Haemorrhagic cystitigsh, 2-mercaptoethane sulfonate; TBS,
Tris-Buffer-Saline; BSA, bovine serum albumin; MPOMyeloperoxidase; HTAB,
hexadecyltrimethyl ammonium bromide; COX-2, cyclggenase-2; iINOS, inducible nitric oxide

synthase; KO, Knockout; PBS, Phosphate Buffereoh&al
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Introduction

Hemorrhagic cystitis (HC) is an inflammatory adtéon of the urinary bladder,
represented by hematuria, symptoms of local intitgb(dysuria, frequency and urgency of
urination) and pelvic pain. HC can be originatedrhgliation or by chemical agents, such as
busulfan, oxazaphosphorines (cyclophosphamidefastimide), and occasionally by penicillins
and non-stereoidal anti-inflammatory drugs. Mangesaof slight HC are spontaneously solved;
nevertheless, in some cases, moderate to severai¢i result in significant morbidity, or even
mortality (Traxer et al., 2001; Nickel, 2002; Nehamet al., 2005; Giraud et al., 2006; Cheuk et
al., 2007; Manikandan et al., 2010).

The alkylating agent cyclophosphamide (CYP) actsan unspecific manner on the
cellular cycle, and it is commonly used for theatreent of many solid tumours, B cell
malignancies, and as an immunosuppressive agemtutormmune diseases, such as lupus and
rheumatoid arthritis. It is a pro-drug, which is tat®lized by hepatic microsomal enzymes,
generating its active metabolite phosphoramide andstind the toxic agent acrolein. Acrolein is
highly toxic to the urinary bladder, by promotingetrelease of inflammatory mediators, which
ultimately lead to HC development (Crocitto et 4B96; Wong et al., 2000; Traxer et al., 2001;
Batista et al., 2006; Manikandan et al., 2010).

Patient hydration, bladder instillation and the wd diuretics lead to increased urinary
flux, favouring the elimination of acrolein. In atddn, some agents able to neutralize the toxic
metabolite, such as sodium 2-mercaptoethane suéfdiesna), have also been broadly used to
prevent CYP-induced HC (Traxer et al., 2001). Nthadess, once HC is installed, these methods
have only minor beneficial effects. Some articlls® @escribe the use of other strategies, such as
antifibrinolytic drugs, potassium alum, silverrate, phenol, prostaglandins, formalin, arterial

embolisation, hyperbaric oxygen therapy and otheiseat HC, but all of them display limited
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efficacy (Traxer et al., 2001; Neheman et al., 2006ow et al., 2006; Chow et al., 2007;
Manikandan et al., 2010)).

The purinergic system is largely implicated in exa of pathophysiological events.
Purines exert their main effects by interactinghwgturinergic receptors, denoted P1 and P2
(Ralevic and Burnstock, 1998; Burnstock, 2011).@protein-coupled receptors preferentially
bind to adenosine, whereas P2 receptors recogm&atcleotides ADP, ATP, UTP and UDP.
The P2 receptors are divided into two families: R8¥eptors (metabotropic) with eight subtypes
(P2Y1,46,11-1), and P2X receptors (ionotropic) with seven subsyP2X1-7) (Burnstock, 2007,
Burnstock, 2009; Surprenant and North, 2009; Buoclst2011). Several P2 receptor subtypes
are expressed in the urinary bladder and are likelglved in functions such as sensory and
motor transmission under normal conditions. Undeding the involvement of these receptors in
the pathophysiology of micturition, urinary dysftion, and mainly in disease states might allow
identifying new therapeutic targets to treat bladdaladies (Burnstock, 2009; Burnstock, 2011).

Amongst the P2X receptor family, the P2X7 subtypesents a series of peculiar features.
Firstly, its activation requires near-millimolarraentrations of ATP (for up to 3QfM), whilst
the other P2X receptors display a very high saiisitior ATP. Next, P2X7 receptors are highly
expressed in immune and inflammatory cells, througteither the peripheral or the central
nervous system. Latter, the activation of P2X7 pemes results in C& and N& influx and efflux
of K*, allied to the release of the pro-inflammatoryogyte interleukin-B (Chen and Brosnan,
2006; Donnelly-Roberts and Jarvis, 2007; Dubyald72®kaper et al., 2010; Burnstock, 2011).
Of high interest, this receptor has been implicategeripheral macrophage and glia activation,
neutrophil infiltration, and prostaglandin prodecti(Labasi et al., 2002; Chessell et al., 2005;

Burnstock, 2006; Di Virgilio, 2007; Donnelly-Robsrand Jarvis, 2007; King, 2007; Yoon et al.,
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2007; Burnstock, 2011). Outstandingly, a seriesredent studies have demonstrated the
relevance of P2X7 receptors in several experimemtadlels of disease, such as depression,
epilepsy, Parkinson’s disease, arthritis, cancdradmonic pain, by using either selective receptor
antagonists or P2X7 receptor-null mice (Chessall.e2005; Honore et al., 2006; Li et al., 2006;
Donnelly-Roberts and Jarvis, 2007; Basso et aD920arcellino et al., 2010; Teixeira et al.,
2010).

Taking into account the abovementioned literatuta dthe present study was designed to
evaluate whether P2X7 receptors are implicatedflarnmatory and nociceptive alterations in a
mouse model of HC induced by CYP administration. fhat purpose, we have evaluated the
effects of the selective P2X7 receptor antagon#33979. When it was possible, we have also
assessed the inflammatory and painful responsatedeto CYP-induced HC in mice with genic
ablation of P2X7 receptors. To our knowledge, thithe first study aimed at investigating the

relevance of purinergic P2X7 receptors in bladd#ammation.
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Materials and Methods
Animals

Male Swiss, C57/BL6 and P2X7 receptor knockout (K@¢e (25 to 30 g) were used
throughout this study. Swiss and C57/BL6 mice wabéained from Universidade Federal de
Pelotas (UFPEL; Pelotas, RS, Brazil), and P2X7 pereKO were donated by Dr. Robson
Coutinho, Federal University of Rio de Janeiro (UFRRio de Janeiro, Brazil). The P2X7
receptor KO mice were generated by the method dpedl by Dr. James Mobley (PGRD, Pfizer
Inc, Groton, CT, USA). The P2X7 receptor-deficianice used in the present study were
C57/BL6 inbred.

The animals were housed in groups of five per cagd maintained in controlled
temperature (22+2°C) and humidity (60-70%), und&® & light-dark cycle, with food and water
ad libitum All the experimental procedures were carried th# in accordance with the
Guidelines for the Use and Care with Laboratoriaindals from National Institute of Health and
ethical guidelines for investigations of experinamain in conscious animal, and were approved
by the Local Animal Ethics Committee (protocol nweni®8/00074). The number of animals and
the intensity of noxious stimuli were the minimurecessary to demonstrate the consistent

effects of the drug treatments.

Drugs and reagents

The following drugs were used: cyclophosphamide n{Zal@208 and Mesna
(Mitexar') are from Baxter Oncology Gmbh (Frankfurt, German#438079 (3-((5-(2,3-
dichlorophenyl)-H-tetrazol-1-yl)methyl pyridine; Tocris, Bristol, UK Hexadecyltrimethyl

ammonium bromide and tetramethylbenzidine (Sigmaddéh, St. Louis, MO). NaPhydrogen
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peroxide, NaCl and Tween 20 (all from Merck, Haaermany). All the dilutions were made in

NaCl 0.9% (saline solution).

Treatments

HC was induced by a single administration of CYRO(3ng kg') (Olivar and Laird,
1999; Wantuch et al., 2007). The treatment withsiilective P2X7 receptor antagonist A438079
(100 and 20Qumol kg?) or with the reference compound Mesna (60 mg)kgas performed in
two doses; the first one was given 30 min prior C3Rd the following dose was administered 4
h after the injection of CYP, except in the expems for assessing cytokines, in which the
drugs were administered as a single i.p. dose, iBOpnior to CYP. The doses of A438079 or
Mesna were chosen on the basis of the literatute @atista et al., 2006; McGaraughty et al.,
2007).

In separate groups of experiments, the relevan&2X#7 receptors was assessed by using
animals with genic deletion for this receptor. BH18 mice were used as the control group for

this series of experiments. HC was induced as ibestbeforehand.

Behavioural studies (Nociception)

The method used in the present study was simildhdb described by Olivar & Laird
(21999), with minor modifications. Experiments wererformed between 8:00 and 12:00 AM to
minimize the potential circadian variations in thehavioural responses. Immediately after the
I.p. injection of CYP, mice were housed in indivédiplastic cages without sawdust bedding, and
the spontaneous behaviour was measured for 2 meny 80 min, in a total period of 4 h. The
following behavioural changes were evaluated: tjvity (walking, rearing, climbing, grooming

etc.); (i) immobility; and (iii) behaviours inditi@e of visceral pain (‘crises’). In addition, the
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behavioural alterations were scored according t® fbllowing scale: 0 = normal; 1 =
piloerection; 2 = strong piloerection; 3 = laboutgéathing; 4 = licking of the abdomen; or 5 =
stretching and contractions of the abdomen. Atethe of the 4-h observation period, an open-
field test was carried out. The animals were plandd/idually in a box divided in 9 squares, for
5 min. The time spent in the following behavioucaltegories was recorded: (i) rearing, (ii)
walking, and (iii) not exploring (grooming, immoityl). The number of squares crossed with the
four paws was also registered, and taken as arx inbléocomotor activity (Olivar and Laird,

1999; Wantuch et al., 2007).

Gross evaluation

For this series of experiments, the animals wetleagized 6 h following CYP
administration. The gross evaluation was basediteria established by Gray et al. (1986). All
bladders were dissected free from connecting tsssare transected at the bladder neck. Each
bladder was macroscopically evaluated, by an examntulind to the experimental groups. The
oedema formation was categorized as severe (3)ermatzl(2), mild (1) or absent (0). The
oedema was considered severe when fluid was seéemaby in the walls of the bladder, as well
as internally. When the oedema was confined tantieenal mucosa, it was reported as moderate;
when it was between normal and moderate, the oedewalefined as mild. Upon examination,
the bladders were also surveyed for bleeding imtdlés and categorized into four designations,
considering the presence of intravesical clotsr{®)cosal hematomas (2), telangiectasia or
dilatation of the bladder vessels (1), or normakas (0). Moreover the wet weight of each
bladder was recorded, and expressed as milligrarhQfeg of animal, as an additional measure

of bladder oedema (Gray et al., 1986).
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Histological analysis

Following the gross evaluation, the bladders wixedfin buffered formalin solution (10
%) for 24 h. After this period, the samples werdedded in paraffin, and stained with
haematoxylin and eosin. A pathologist who was [@ohtb the treatment reviewed each
specimen, considering the following parametergraposed by Gray et al. (1986), with some
modifications: normal (normal epithelium, no inflamatory cell infiltrate or ulcers); mild
(diminished epithelial cells, flattening with subowsal oedema, mild hemorrhage, few
ulcerations); moderate (mucosal erosion, inflammyatell infiltrate, fibrin deposition,
haemorrhage, and multiple ulcerations); severe @saicerosion, inflammatory cell infiltrate,

fibrin deposition, multiple ulcerations, and trangal haemorrhage with severe oedema).

Immunohistochemistry for c-Fos

The expression of c-Fos, a known biochemical maokerociception, was measured by
immunohistochemistry, as previously described biprbasse et al. (2009). The lumbar spinal
cords and the brains were rapidly excised (6 hr &téP application), and fixed in buffered
neutral formalin. Sections were mounted onto gedatioated slides. Rabbit polyclonal antiserum
raised against c-Fos (1:1000; Santa Cruz BiotedyyplSanta Cruz, CA) was diluted in Tris-
Buffer-Saline (TBS) containing 0.3 % Triton X-1(0,% donkey serum and 1 % bovine serum
albumin (BSA), and the sections were incubated raght at room temperature, before being
incubated for 2 h with biotinylated donkey antidébantibody (1:1000; Amersham Pharmacia
Biotech Europe, Freiburg, Germany), for 2 h withdavbiotin peroxidase complex (1:1000;
Vectastain ABC kit, Vector laboratories, Burlinggm€A), and finally revealed with

diaminobenzidine via the nickel-enhanced glucosdase method. The procedure also included
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negative controls with omission of the primary batly, which did not show any
immunoreaction. The images were captured by aalligamera (DS-5M-L1, Nikon, NY, USA),
connected to an optical microscope (Nikon Eclip6g &nd analyzed through the Image NIH
Image J 1.36b Software. The number of c-Fos-p@&sitells was quantified and expressed as the

positive area per filed (Labrousse et al., 2009).

Immunohistochemistry for F4/80 and P2X7 receptors

The bladder expression of P2X7 purinergic recepaorsthe macrophage migration were
assessed by immunohistochemistry analysis. Foe tgseriments, the bladders were collected 6
h after HC induction. Macrophages were quantifrethe bladder tissues using the F4/80 rat anti-
mouse macrophage monoclonal antibody (1:100; Setdte Oxford, UK), while the expression
of P2X7 receptor was determined by using the rabbtt-P2X7 receptor-purified polyclonal
antibody (1:200; Alomone, Jerusalem, Israel, cgtabomber APR-004). The bladders were
rapidly excised 6 h after HC induction by CYP. Rbe immunostaining study, the general

procedures described in the previous section weoptad.

Myeloperoxidase (MPO) activity

Neutrophil recruitment to the mouse bladder wassueed by means of tissue MPO
activity, according to the method described bef@fassos et al., 2004). The bladders were
removed at different time-points (1, 2, 4, 6, 8 d&&dh) after CYP injection. The tissues were
homogenized at 5 % (W% in EDTA/NaCI buffer (pH 4.7) and centrifuged 080 r.p.m. for 15
min, at 4°C. The pellet was resuspended in hexdid@egthyl ammonium bromide (HTAB) 0.5
% buffer (pH 5.4), and the samples were re-cergel(5,000 r.p.m., 15 min, 4°C). Twenty-five

ul of the supernatant were used for the MPO asshg. éhzymatic reaction was assessed with
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tetramethylbenzidine 1.6 mM, NaPO4 80 mM and hydrogeroxide 0.3 mM. The absorbance
was measured at 595 nm, and the results are eggrassptical density per milligram of tissue.
As the increase in MPO activity peaked at 6 h feitgg CYP administration, this time interval

was adopted for additional experiments on MPO #dgtdetermination.

Determination of cytokine production

The levels of IL-B and TNFe were measured according to the protocol descrilyed
Fernandes et al. (2005), with minor adaptationgn@edes et al., 2005). The animals were
treated with CYP (300 mg Kgi.p.), and the bladders were collected at 4 bsiés were placed
on PBS containing Tween-20 0.05 %, phenylmethylsutyl fluoride 0.1 mM, benzethonium
chloride 0.1 mM, EDTA 10 mM and aprotinin A 20 Klbdpmogenized, centrifuged at 3000 x g
for 10min and stored at —70°C until further anaysCytokine levels were evaluated using

specific ELISA kits, according to the manufactis@gcommendations (R&D Systems).

Statistical analysis

Results are expressed as the Mean + Standard Mean. The percentages of inhibition
were determined for each individual experiment. $taistical analysis was performed by one or
two way analysis of variance (ANOVA), depending the experimental protocol, followed by
Bonferroni’s post-hoc tesP values smaller than 0.05 were considered as signifi All tests

were performed using the GraphPad® 4 Software (USA)
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Results
Antagonism or absence of P2X7 purinergic receptecrease nociceptive-related behaviour
associated to HC

Confirming and extending previous literature détdivar and Laird, 1999), the i.p.
injection of CYP (300 mg.k§ was able to induce a marked and time-relateceass in the
behaviour nociceptive score, in either Swiss or /Bb& mice, a parameter that was visibly
reduced by pre-treating animals with the referesarapound Mesna (Figure 1).

Interestingly, the systemic administration of thelective P2X7 receptor antagonist
A438079 (100umol.kg'1; I.p.) resulted in a significant inhibition of theociceptive behaviour
evoked by CYP, as assessed in Swiss mice (43 + Thé)same treatment with A438079, at the
dose 20Qumol.kg*, also significantly reduced the nociceptive respa@set 9 %), an effect that
was not significantly different from that observim the dose of 10@mol.kg* (Figure 1B).
Additionally, P2X7 receptor KO mice displayed a tdr reduction of the nociceptive
behavioural score (Figure 1D), with a mean inhdntpercentage of 17 + 3 %, when compared to
C57/BL6 mice. Of note, either the pharmacologiclalcking or the genic ablation of P2X7
receptors produced significant reductions of CY@4ced nociceptive changes between 2.5 h and
4 h of evaluation (Figure 1A and C). Furthermoranen of the treatments (A438079 and Mesnha),
or genic deletion of P2X7 receptors, produced §icamt changes of rearing, walking, or general

exploring, according to assessment in the oped-&etna (results not shown).

Antagonism of P2X7 receptors is able to modulate ititreased c-Fos expression in central
structures of CYP-treated mice
As described above, the nociception associate@Y®-evoked HC was significantly

inhibited by blocking P2X7 receptors. In an attengptletermine whether the effects of A438079
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might involve the modulation of central pathwaygafn transmission, we have tested the effects
of this antagonist on c-Fos expression in the lungménal cord and the brain cortical areas of
mice treated with CYP.

The administration of CYP induced an expressivecase in the levels of c-Fos, in both
the spinal cord and the brain, in comparison tosélée control groups. Interestingly, the i.p.
treatment with A438079 (100mol.kg") produced a striking decrease of c-Fos levelsitimer
anatomical structures (Figure 2A and B). The olet@dipercentages of inhibition were 86 + 5 %
and 45 * 13 %, for the brain and the spinal coodrespondingly. The treatment with Mesna (60
mg.kg?) also produced a reduction of c-Fos expressior3itt 18 % and 71 + 17 %, respectively
(Figure 2A and B). Representative images of immtaiomg for c-Fos are provided in the
Figure 2C to J. In the lumbar spinal cords, the umaopositivity for c-Fos protein was found
mainly in the lateral and the medial dorsal hoswwell as in the sacral parasympathetic nucleus
(lanes G to J). Regarding the brain, the c-Fos inopasitivity was predominantly located in the

cortical areas (lanes C to F); for this reason ¢imky area has been considered for the analysis.

Blocking P2X7 purinergic receptors decreases oedantbhaemorrhage caused by CYP

As described beforehand (Olivar and Laird, 19%Nt8s et al., 2010), the damage scores
of oedema and haemorrhage in the CYP group wengisantly higher than in the saline groups.
As well, the inflammatory changes associated to @ced HC were similar in Swiss and
C57/BL6 mice. According to the gross evaluationtloé bladders, the positive control drug
Mesna (60 mg.kQ) caused a significant inhibition of the haemoréé89 + 12 % and 36 1 %)
and the oedema (80 + 8 % and847 %) induced by CYP, in either the Swiss or th§/BL6

mouse lineages, respectively (Figure 3A-F). Intanglk/, the administration of the selective
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P2X7 receptor antagonist A438079 (1@®ol.kg* and 200umol.kg") was able to markedly
inhibit the oedema formation following the applicat of CYP (29 + 8 % and 21 + 9 %,
respectively) (Figure 3A). Otherwise, the haemaggehacores were significantly reduced by
A438079, at the dose of 1Qnol.kg* (36 + 11 %), whereas the dose of 3000l.kg" did not
display any significant alteration of this paramdtégure 3B). The oedema in response to CYP
administration was significantly reduced in P2Xtagtor KO mice, with a percentage of
inhibition of 33 + 14 % (Figure 3D). Nonetheleskhaugh the haemorrhage score was visibly
reduced in KO mice when compared to the C57/BL6 @¥Rted animals, this effect was not
statistically significant (Figure 3E).

The oedema induced by CYP was also assessed éynil@hg the mean empty bladder
wet weight per 100 g of body weight. The treatmeith A438079 (100umol.kg* and 200
umol.kg?) produced a patent reduction of the increased bladder weights, with inhibition
percentages of 34 £ 7 % and 33 £ 5 %, respecti@feyure 3C). Mice with genic deletion of
P2X7 receptors showed an apparent reduction ofwiste bladder weight, in relation to the

C57/BL mouse strain, although this effect was nanfl significant (Figure 3F).

Histological changes following CYP administratiomdgthe effects of P2X7 receptor inhibition

A brief description of the main histological findjg is presented below and representative
images to each group are provided in the Figur®vkrall, the treatment with A438079 and
genic deletion of P2X7 receptors produced a partdluction of HC inflammatory
characteristics. Histologically, the bladder walppaared thickened in CYP-treated mice
compared with controls and was associated withighddss of the urothelium. The remaining
urothelial cells in CYP-treated mice were abnorgnédrge, when compared with saline controls

(Figure 4A and D). Furthermore, histological evéila showed that submucosal layer was
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enlarged and presented severe oedema, fibrosisyandege and inflammatory cell infiltrate in

both Swiss and C57/BL6 mice (Figure 4B and E)). @hamnals pre-treated with Mesna (60 mg
kg?) displayed characteristics near to the normatiggilts not shown). The animals treated with
A438079 (Figure 4C), as well as the P2X7 KO mieg\re 4F) presented moderate mucosal
ulceration, and mild to moderate oedema and hadéager The smooth muscle had normal

appearance in all groups.

P2X7 receptors and CYP-induced macrophage migration

According to the immunohistochemical analysisha marker F480, HC induced by CYP
administration was accompanied by the recruitmdntacrophages to the bladder tissue, in
either Swiss or C57/BL6 mice, as shown in the Fégbr CYP-induced macrophage migration
was visibly reduced by pre-treating either mousairss with the reference compound Mesna (60
mg.kg') (Figure 5A and B). Notably, the immunopositivifgr F480 was significantly
diminished by pre-treating Swiss mice with the sive P2X7 receptor antagonist A438979, at
the dose of 20Qumol.kg", by 49 + 18 %, whereas the dose of 1Qfhol.kg" failed to
significantly alter this parameter (Figure 5A).dddition, CYP-induced macrophage migration to
the bladder was virtually abolished in P2X7 recet@ mice, although this effect was not found
statistically significant (Figure 5B).

Representative images of data described aboveiaea ¢ the Figure 6, indicating a
marked positive staining for F480 in the bladddyrsucosal layer of animals in the CYP groups
(lanes B and E), in comparison to saline groupse@aA and D). The immunostaining for F480
was visibly diminished in either A438979-treatednaals (lane C) or in P2X7 receptor KO mice

(lane F).
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P2X7 purinergic receptor immunostaining is increasalowing CYP treatment

The expression of P2X7 purinergic receptor in ttemal human bladder has been
previously described (O'Reilly et al., 2001b). Herave demonstrate that a single i.p. dose of
CYP (300 mg.kg) resulted in a significant increase of P2X7 reoegixpression in the Swiss
mouse bladder, with an increase of 229 + 48 % @ithmunopositivity, in relation to control
saline-treated mice (Figure 7A). Representativegesademonstrate low immunostaining for the
P2X7 receptor in saline-treated animals (Figure, A#)ereas the immunopositivity for this
receptor was markedly enhanced in the bladder sobsaili layer of CYP-treated mice (Figure

70).

Inhibition of MPO activity by P2X7 antagonist

CYP administration was also associated to a massngration of neutrophils, as
indicated by the increase of MPO activity in thadaer tissue, when compared to the saline
group. The increase of MPO activity induced by CW&s similarly reduced by the treatment
with Mesna (60 mg.K§ and A438079 (100umol.kg') (Figure 8A). The percentages of
inhibition were 28 + 6 % and 27 + 8%, respectivéiyp significant differences were observed

between treatments with Mesna and A438079.

Evaluation of cytokine levels in the bladder

TNF-a and IL-13 production was assessed in the bladder tissue dftdr CYP
administration. The results demonstrate that CY#ueed a marked increase of both IB-1
(Figure 8B) and TNF (Figure 8C) levels. Interestingly, the treatmeithwesna (60 mg.kd

or A430879 (10Qumol.kg') was able to significantly reverse the increasestipction of IL-18
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and TNFe to the basal levels (Figure 8). In the Mesna-g@a&roups, the reduction percentages
were 40 + 8 % and 77 = 6 %, for I[3Jand TNFe, respectively. For the groups treated with the
selective P2X7 receptor antagonist A438079, thegmtages of inhibition were 48 + 8 % and 73
+ 7 %, for IL-13 and TNFe, correspondingly. Again, no significant differescsere observed

between treatments with Mesna and A438079.
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Discussion

The toxic metabolite of CYP named acrolein indueés by extended contact with the
bladder epithelium, causing cellular damage by tomy the release of several inflammatory
mediators, including purine nucleotides. In fabk increased release of ATP from the bladder
urothelial cells has been associated with intéabtiystitis, and also occurs in response to bladde
stretch or distension (Namasivayam et al., 1999 & Chai, 2006). It has been demonstrated
that P2X7 purinergic receptors, which are knowbéactivated by elevated ATP concentrations,
are constitutively expressed in the bladder tissuder normal conditions (O'Reilly et al., 2001a;
O'Reilly et al., 2001b; Birder et al., 2004). Ofteothe same authors have shown that P2X7
receptors are found up-regulated in the urinarydd#a of patients with symptomatic outlet
obstruction (O'Reilly et al., 2001a; O'Reilly et,&001b). However, further studies are still
required in order to determine whether these recephight be relevant under other bladder
pathological states, such as CYP-induced HC.

The present study brings new evidence on the pagloal role of P2X7 receptors, by
demonstrating, for the first time, that either gi@rmacological blocking or the genic ablation of
this receptor subtype is able to prevent either ribeiceptive or the inflammatory events
associated to HC evoked by CYP treatment in micethErmore, our data revealed that CYP-
induced HC was likely accompanied by increasedesgion of P2X7 receptors, supporting the
relevance of this receptor in HC.

HC induced by CYP represents a useful experimentalel to evaluate visceral pain in
both rats and mice (Gray et al., 1986; Olivar amitd, 1999; Bon et al., 2003; Batista et al.,
2006; Wantuch et al., 2007). Pain is the princgahptom in cystitis, and might be associated
with purinergic signalling changes, e.g. stretchimfuced ATP release, as well as the up-

regulation of purinergic receptors (Tempest et2004). Relevantly, the P2X7 receptor subtype
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has been investigated as a target to developmeme¢wfanalgesic drugs. On this regard, it has
been recently demonstrated that P2X7 receptorsaglisppivotal role in the onset and persistence
of certain types of inflammatory and neuropathimpa rodents (Honore et al., 2006; Donnelly-
Roberts and Jarvis, 2007; King, 2007; McGaraughtyle 2007). Our results revealed that
systemic treatment of mice with the selective P2XZeptor antagonist A438079 markedly
prevented the nociceptive changes related to C\dRezl’ HC, in a grade comparable to the
reference compound Mesna. Furthermore, the nooveepthavioural changes elicited by CYP
administration were also found diminished in P2XZeptor null mice. Of high interest, none of
tested strategies, the pharmacological antagonistheo genic deletion of P2X7, was able to
significantly affect the general locomotor activitg mice in the open-field test, discarding
possible unspecific central effects of P2X7 receptbibition. A similar result was previously
demonstrated before, showing that P2X7 KO micelaysul antidepressant behaviour in the tail
suspension and forced swimming tests, without cimgnip the spontaneous locomotor activity
(Basso et al., 2009). Therefore, it is feasiblsuggest that P2X7 receptors play a relevant role in
HC-related painful alterations, and selective aomégjs for this receptor might be attractive
alternatives for treating clinical pain under cisti

As discussed beforehand, P2X7 receptors are pbgsially expressed in the urinary
bladder (O'Reilly et al., 2001a; O'Reilly et alQ02b; Birder et al., 2004). Consequently, the
analgesic effects resultant from the receptor itibib might rely on the modulation of P2X7
receptors expressed in the bladder tissue or gih@eal sensory endings innervating this organ.
Otherwise, the effects of P2X7 receptors could Ivdhe modulation of central pathways of
pain transmission, since these receptors are fhigidy expressed in the spinal cord (Cotrina
and Nedergaard, 2009). Hence, we have tested fibetsedbf A438079 on c-Fos expression in the

lumbar spinal cord and the brain cortical areat¥ahg the administration of CYP to mice.
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Immunohistochemical analysis demonstrated thatscsfaining was markedly increased in either
the lumbar spinal cord or the brain cortex of mitet received CYP. Strikingly, the
immunolabelling for c-Fos was greatly inhibited bgating animals with A438079 in both
anatomical structures, indicating that systemic iathtnation of this antagonist is able to
modulate pain processing at central levels. A sesfeprevious studies have used the expression
of the immediate early gene c-Fos as a markerdstsynaptic activation of spinal cord neurons
receiving afferent inputs from the bladder. It hasen shown that the number of c-Fos
immunoreactive neurons increase following the wjaf the lower urinary tract (Morais et al.,
1999; Vizzard, 2000b; Vizzard, 2000a; Nickel, 2002gata obtained on c-Fos immunostaining
reinforces the notion pointing out P2X7 receptotagaonists as potential tools for treating pain
related to cystitis.

Tissue bladder injury following chemotherapy witNIZis widely related to exacerbated
inflammatory alterations induced by acrolein con{@&amasivayam et al., 1999; Sun and Chai,
2006). In the present study, we have also assdesedhat extent the interference with P2X7
receptors might affect the inflammatory changeskedoby CYP administration. Confirming
previous literature data (Olivar and Laird, 199an®s et al., 2010), the single treatment with
CYP resulted in expressive oedema and haemorrlageafion, according to either gross or
histological evaluation. Notably, the grade of aedeand bleeding was markedly reduced in
mice pre-treated with the selective P2X7 recepitagonist A438079, or even in animals with
genic P2X7 receptor deletion, in an extent compartabthe clinically used strategy Mesna. We
might conclude that either the nociceptive andaimiinatory changes associated to CYP-induced
HC involve the activation of P2X7 receptors. Adalitally, we can also hypothesize that
analgesic effects observed for A438079 are mediateléast partially, by the modulation of the

inflammatory responses. Indeed, P2X7 receptorsvatierecognized regulators of inflammation,
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as they are involved in the production of pro-inffaatory cytokines, such as II3;lleading to
the up-regulation of cyclooxygenase-2 (COX-2), rhepaoteinases, inducible nitric oxide
synthase (iINOS) and superoxide production (Labasale 2002; Chessell et al., 2005; Di
Virgilio, 2007; Donnelly-Roberts and Jarvis, 200Basso et al., 2009; Grassi, 2010).
Furthermore, supporting our data, a recent stuaygwcted by Riteau et al. (2010) demonstrated
that P2X7 receptor null mice displayed a markedicgdn of lung inflammation in a murine
model of lung fibrosis.

The P2X7 receptor subtype has been implicated niplperal macrophage and glial
activation, as well as neutrophil infiltration (La et al., 2002; Chessell et al., 2005; Burnstock,
2006; Di Virgilio, 2007; Donnelly-Roberts and Jayvi2007; King, 2007; Yoon et al., 2007,
Burnstock, 2011).0One might wonder whether the iiloib of P2X7 receptors would modulate
inflammatory cells under CYP-induced HC. The respltesented herein clearly demonstrate that
CYP administration resulted in a marked increasematrophage infiltration to the urinary
bladder, according to the immunohistochemical eatgdn of F4/80 staining. Interestingly, this
parameter was markedly reduced by A438079 prenteat or in P2X7 receptor null mice.
Allied to our data, Gongalves and colleagues (2@@honstrated that P2X7 receptor KO mice
presented a notable reduction of interstitial mpbege migration, in an experimental model of
unilateral urethral obstruction. Thus, it is possibo suggest that P2X7 receptors are likely
implicated in the mechanisms of macrophage inflagl/ar proliferation under inflammatory
diseases of the urinary tract.

MPO is a naturally-occurring enzyme contained withthe primary granules of
neutrophils, and the augmented activity of thisyemz represents an indirect measure of
neutrophil migration (Passos et al., 2004). Itlbasn previously shown that purinergic signalling

is essential for neutrophil migration (Chen et @010). Our work extends this evidence by
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demonstrating that increased MPO activity followil@YP administration was markedly
prevented by pre-treating animals with the selecth2X7 receptor antagonist A438079. This
assembly of results are clearly indicative thathbmiacrophage and neutrophil migration in our
experimental model of bladder inflammation is bigadependent on the activation of P2X7
receptors.

It is well known that P2X7 receptors are resporsiiok modulating the maturation and
the release of IL{1 in peripheral macrophages and microglia, via paim& hemichannels
(Labasi et al., 2002; Chessell et al., 2005; DgWim, 2007; Donnelly-Roberts and Jarvis, 2007;
Iglesias et al., 2008; Basso et al., 2009; Gra€si0). Anin vitro study conducted by Basso and
co-workers (2009) showed that stimulation of P2Xg€eptors by the selective agonist BZATP
resulted in a marked production of I[3-In macrophages obtained from wild-type, but notrfr
P2X7 receptor KO mice. Additionally, a recent stucynducted by Teixeira et al. (2010)
indicated A438079 was able to significantly deceeasarrageenan-induced mechanical
hyperalgesia in rats, by interfering with the releaf IL-6, TNEx and CINC-1, although the
production of IL-PB was not affected. In the experimental model of &liCited by CYP, the
treatment of mice with the selective P2X7 recept®88079 virtually brought the production of
the pro-inflammatory cytokines ILBland TNFx to the basal levels. It is tempting to surmise tha
A438079 is able to interfere with cytokine prodaoatiby indirectly modulating leukocyte
migration/activation, or even by blocking the cytekrelease from endothelial or bladder smooth
muscle cells. Furthermore, we might also infer {heatt of the antinociceptive actions observed
for A438079 are likely mediated by an interferemaéh IL-13 and TNFt generation, as both
cytokines are greatly implicated in sensitizatidrpomary afferent nociceptors. Supporting this

idea, a study performed by Honore et al. (2009) atestrated that antinociceptive effects
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displayed by the selective P2X7 receptor antagox89977 was found diminished in ILaf8
KO mice, according to assessment in a chronic mofdeflammation (Honore et al., 2009).

Present data obtained employing either the pharogical antagonism or the genetic
deletion of P2X7 receptors is actually conclusivetbe relevance of these receptors in CYP-
induced cystitis. Noteworthy, the antagonist usedur study has been demonstrated to be highly
potent and selective in blocking the activation hafman, rat and mouse P2X7 receptors
(Donnelly-Roberts et al., 2009). Additionally, atilgh genetically modified animals might
exhibit compensatory changes in signalling transdoc KO mice (including the P2X7 one)
generally represent a good tool to confirm funaiodata using pharmacological approaches
(Chessell et al., 2005). To gain further insight the relevance of P2X7 receptors in our
experimental model, we have also investigated veretie single administration of CYP would
be able to modulate the expression of P2X7 recgptathe bladder tissue. Immunohistochemical
analysis provides compelling evidence on the upHegmn of purinergic P2X7 receptors in the
urinary bladder of mice with CYP-induced HC, as destrated by an increase of about 3-fold in
positive immunolabelling for this receptor. Relethgnin our model, the immunopositivity for
P2X7 receptors was mainly observed in the submuidagar of bladders, allowing suggesting
that receptor up-regulation probably takes place inmmunological cells, for instance
macrophages and neutrophils. An increased neusxmaession of P2X7 receptors was recently
described in an experimental model of multiple mdes, at the peak of neurological symptoms,
what is in accord with our results (Grygorowiczakt 2010).

Taken together the results of the present studgneiprevious literature data, showing for
the first time that P2X7 purinergic receptors anplicated in the inflammatory process of CYP-

induced HC, probably by increasing macrophagerendrophil migration, and generating pro-
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inflammatory cytokines, which in turn might dirgcthctivate peripheral and central nociceptive
pathways, or just facilitate the nociception preoeg. One could assume that P2X7 receptors
would represent attractive targets for treating sigenptoms related to severe HC in patients

under chemotherapy with CYP.
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Figure 1 Behavioural scores assigned at 30 min intervalindu-h post injection period. (A)

Time-course of behavioural scores plotted as cutwel@core over the 4-h observation period.
(B) Effect of treatment with Mesna (60 mgd.p.) and A-438079 (100 or 2Q0mol kg*, i.p.)
on the nociceptive responses in CYP-induced HOwisSmice. (C) Time-course of behavioural

scores plotted as cumulative score over the 4-Brghson period. (D) Effect of treatment with

Mesna (60 mg K§ i.p.) or effect of P2X7 receptor genic deletiantbe nociceptive responses in

CYP-induced HC in C57/BL6 mice. Each column repnés¢éhe mean of 3 to 10 animals, and the

vertical lines show the S.E.M. **P<0.01 denotes significance levels in comparison to saline

values; ##P<0.01 denotes the significance levat®mparison to control (CYP) values.
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Figure 2 Effect of treatment with Mesna (60 mgkg.p.) and A-438079 (10Gmol kg*, i.p.) on
c-Fos expression in the brain cortical areas (AJ #re lumbar spinal cord (B) in the CYP-

induced HC model. (C to F) Representative imagesnofiunostaining for c-Fos in the brain
cortical areas into the following groups: (C) seliiD) CYP, (E) CYP plus Mesna (60 mgjg
and (F) CYP plus A-438079 (1Qamol kgh). (G to J) Representative images of immunostaining
for c-Fos in the lumbar spinal cord into the follogy groups: (G) saline, (H) CYP, (I) CYP plus
Mesnha (60 mg k§) and (J) CYP plus A-438079 (1Q0nol kg'). Each column represents the
mean of 5 to 8 animals, and the vertical lines shwvS.E.M. **P<0.01 denotes the significance
levels in comparison to saline values; #P<0.05 ##€<0.01 denote the significance levels in

comparison to control (CYP) values.
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Figure 3 Effect of treatment with Mesna (60 mgkg.p.) and A-438079 (100 or 2q0nol kg,

I.p.) on macroscopic oedema (A) and haemorrhageVBluation, and on wet weight bladder (C)
in CYP- induced HC in Swiss mice. Effect of treatmwith Mesna (60 mg Ky i.p.) or use of
knockout P2X7 receptor mice on macroscopic oeddMad haemorrhage (E) evaluation, and
on wet weight bladder (F) in CYP- induced HC in (886 mice. Each column represents the
mean of 3 to 10 animals, and the vertical linesstie S.E.M. *P<0.05 and **P<0.01 denote the
significance levels in comparison to saline val##350.05 and ##P<0.01 denote the significance

levels in comparison to control (CYP) values.
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Figure 4 Representative images of histological evaluation siides stained with with

haematoxylin and eosin. Saline groups in (A) Svaed (E) C57/BL6 mouse lineages; CYP
groups in (B) Swiss and (F) C57/BL6 mouse lineagesnals treated with A-438079 (C), Mesna
(D) or P2X7 receptor KO mice (G).
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Figure 5 (A) Effect of treatment with Mesna (60 mgkg.p.) and A-438079 (100 or 2QGnol

kg', i.p.) on bladder macrophage migration, as deteecthiby immunohistochemistry, in the
CYP-induced HC model. (B) Effect of treatment wilesna (60 mg Kg, i.p.) or use of knockout
P2X7 receptor mice on macrophage migration by inwhistochemical on bladder macrophage
migration, as determined by immunohistochemistry,the CYP-induced HC model. Each
column represents the mean of 3 to 10 animalstlangertical lines show the S.E.M. **P<0.01
denotes the significance levels in comparison linsaalues; #P<0.05 and ##P<0.01 denote the

significance levels in comparison to control (C¥Y&)jues.
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Figure 6 Representative images of immunostaining for F4r8the bladder submucosal layer.
Saline groups in (A) Swiss and (E) C57/BL6 mousedges; CYP groups in (B) Swiss and (F)
C57/BL6 mouse lineages indicating a marked posgtaeing for F4/80; animals treated with A-

438079 (C), Mesna (D) or P2X7 receptor KO mice @@&playing diminished immunostaining

for F4/80.
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Figure 7 (A) Effect of treatment with CYP (300 mg kgi.p.) on P2X7 receptor expression in the
mouse bladder submucosal layer of Swiss mice. Reptative images demonstrate low
immunostaining for the P2X7 receptor in salineteda animals (B), whereas the

immunopositivity for this receptor was markedly anbed in the bladder submucosal layer of
CYP-treated mice (C). Each column represents thenmé&6 animals, and the vertical lines show

the S.E.M. **P<0.01 denotes the significance lewelsomparison to saline values.
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in Swiss mice. Each column represents the mean afidals, and the vertical lines show the

S.E.M. *P<0.05 and **P<0.01 denote the significaheeels in comparison to saline values;

#P<0.05 and ##P<0.01 denote the significance lewelemparison to control (CYP) values.
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4. Consideragoes Finais

Os receptores purinérgicos tém sido largamenteladts como alvo para o tratamento de
doencas inflamatérias e dolorosas. Nos dUltimos ,amosnimero de artigos publicados
relacionados ao receptor P2X7 aumentou considenaveé devido ao seu envolvimento com a
inflamacado e outras patologias. Uma série de estusltentes tem demonstrado a relevancia do
receptor P2X7 em modelos experimentais tais conpoedsdo, epilepsia, doenca de Parkinson,
artrite, cancer e dor crénica, onde foram utilizadotagonistas seletivos ou animiackout
para este receptor (Chessell et al., 2005; Honoat,e2006; Li et al., 2006; Donnelly-Roberts
and Jarvis, 2007; Basso et al., 2009; Marcellinal.e2010; Teixeira et al., 2010).

A sinalizagdo purinérgica no controle da funcéotréto urinario tem sido estudada desde
1972. Os trabalhos mais recentes mostram o poteaacigéutico de compostos purinérgicos na
incontinéncia urinéria, dor e cancer (Burnstockl )0 Na cistite intersticial, sabe-se que ocorre
aumento dos receptores P2X2 e P2X3, estando adssat®@m a modulacdo sensorial. J&, 0s
receptores P2X7 apresentaram um aumento da expressa pacientes com obstrucéo
sintomatica do canal uretral (O'Reilly et al., 2800D'Reilly et al., 2001b; Birder et al., 2004;
Tempest et al., 2004; Rapp et al., 2005; Dang.e2@08; Burnstock, 2011).

A CH associada ao uso dos medicamentos quimiotar®pCYP e ifosfamida, € causada
devido ao contato prolongado da acroleina (metab&ixico) com o urotélio da bexiga, que
resulta na liberacdo de mediadores inflamatérigs ¢amo TNFe, IL-1B e Oxido nitrico
endogeno, causando edema na mucosa da bexigac@datascular e aumento da fragilidade
capilar resultando em hemorragia. Uma vez que adeiamaturacdo da caspase-1/p-&
modulada pelo receptor P2X7, é possivel propor egte receptor possa estar envolvido no
processo inflamatério relacionado a CH.

A Mesna tem sido vastamente utilizada na clinicaassociacdo a CYP e ifosfamida, como
uma forma de prevenir a CH. Porém, estudos recé@tesiemonstrado que este medicamento
apresenta efeitos adversos como dores de cabegagiaie reacdes de hipersensibilidade,
especialmente em criancas. Além disso, foi vedficgue a Mesna e a hiper-hidratacdo séo
igualmente eficazes na prevencdo da CH associa@YR, com valores de 33 e 20%,

respectivamente (Shepherd et al., 1991). Dessaafotem-se observado que as medidas de
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prevencdo da CH nao evitam completamente a ocdarélaclesédo e, apos o estabelecimento da
mesma, o numero de alternativas terapéuticas tatmi

Com o objetivo de encontrar alternativas de tratdampara a CH e avaliar a participacao do
receptor P2X7 nesta alteracdo patoldgica, o presestiuido investigou a participacdo destes
receptores nas respostas inflamatorias e nociesptivservadas no modelo de CH induzida pela
CYP,in vivo, através do emprego de técnicas farmacologicasusal de animais geneticamente
modificados. Os nossos resultados demonstrarano dpiequeio ou auséncia do receptor P2X7
diminuem a nocicep¢ado gerada na CH, através d&aedalde parametros comportamentais. As
mesmas estratégias foram capazes de reduzir asediprela proteina c-Fos, tanto na medula
espinhal quanto no cérebro, indicando uma redugdcansmissao da dor em niveis centrais. Os
resultados sugerem que este receptor tem um pa&bpelante nas alteracdes dolorosas
relacionadas a CH e parece estar envolvido na ragdoldas vias centrais da transmissao da dor.
O uso de antagonistas seletivos para este reqepder ser uma alternativa atrativa para tratar a
dor relacionada a cistite, um dos principais sim®ndeste quadro, que limitam em muito a
qualidade de vida dos pacientes.

Outros resultados obtidos no presente estudo mosjtee 0 antagonismo ou a auséncia do
receptor P2X7 foram capazes de reduzir a inflamagiada pela acroleina na CH. Houve
reducdo nos parametros macroscopicos (edema e fag@mdr histolégicos e bioquimicos
(geracao de TNIle-e IL-13, migracdo de macréfagos e neutréfilos), indicagde o receptor
P2X7 esta envolvido na modulacdo das respostasriatbrias. E possivel inferir que os efeitos
analgésicos observados com o0 uso do antagonistsB0&93 sdo mediados, ao menos
parcialmente, pela modulagdo das respostas inffaiast De forma relevante, o antagonista
seletivo dos receptores P2X7, A438079, reduziu edygdo de IL-f e a migracdo de
macréfagos a niveis basais, permitindo sugeriregties sdo processos ligados e dependentes da
ativacao do receptor P2X7 durante o estabelecintn©H.

Interessantemente, o presente trabalho mostrow emeira vez, através de analise
imunoistoquimica do tecido vesical, que ha um atmda expressdo dos receptores P2X7 em
camundongos com CH induzida por CYP. Este aumeptterja estar relacionado com a
migracao de células inflamatdrias para a bexigactamo macréfagos e neutrofilos.

O conjunto de resultados obtidos no presente estutiica que o receptor purinérgico P2X7

participa do processo inflamatério associado a @HuZida pela CYP em camundongos,
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provavelmente pelo aumento da migracdo de neuwtsdél macrofagos e producdo de citocinas
pro-inflamatérias. Por sua vez, estes componentdigniatérios podem ativar as vias

nociceptivas periféricas e centrais diretamente apgnas facilitar o processo de nocicepcéao
através da sensibilizacdo dos terminais nociceptiocabivel propor que os receptores P2X7
seriam um alvo atrativo para o tratamento dos siatrelacionados a CH severa, em pacientes
sob tratamento com CYP. Ademais, 0 uso de antagsnieste receptor poderia ser interessante,
também, no tratamento dos sintomas da CH de eidsladjferentes. Por exemplo, na cistite

intersticial, uma doenca similar a CH, porém sermasaadeterminada, os receptores P2X7

poderiam representar um alvo terapéutico interéssan
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