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RESUMO

O cancer colorretal (CCR) € o terceiro mais comum no mundo e a quarta causa de morte por
cancer no ocidente. A origem e desenvolvimento dessa patologia tém sido amplamente
associados com alteracfes no estado inflamatdrio do intestino. A Anexina Al (AnxAl) € uma
proteina anti-inflamatdria envolvida na manutencdo da homeostase intestinal e na regulacdo do
desenvolvimento tumoral. Os mastécitos (MCs), que também expressam AnxAl, séo
amplamente envolvidos nos danos associados no trato gastrointestinal promovido por agentes
carcindgenos. No presente estudo foi avaliado o papel da AnxAl na resposta funcional de MCs
na carcinogénese colorretal induzida por N-metil-N'-nitro-N-nitrosoguanidina (MNNG). Para
esse objetivo, animais deficientes de AnxAl (AnxA1™) receberam instilagdes de MNNG e o
efeito agudo do composto foi avaliado apds 8, 24 e 48h. Nossos resultados mostram que o
MNNG induz, no epitélio do colon, aumento da expressdo da AnxAl, que limita a lesdo
tecidual e inflamacdo local, regulando a producdo exacerbada de IL-1, IL-6, IL-12, TNF- q,
INF- vy na condi¢do controle e, principalmente, apds 24h da exposi¢do. A AnxAl também
reduz a migracdo e desgranulacdo de MCs, polarizando a diferenciacdo dessas células para
maior expressao de quimase apos o dano carcinogénico. Em seguida, a contribuicdo dos MCs a
tumorigénese induzida pelo MNNG foi avaliada 24 semanas apds a exposi¢do crbnica dos
camundongos deficientes de mastocitos (Kit”) ao composto. Nessas condicdes foi observado
aumento do numero de MCs totais, desgranulados, triptase e quimase positivos e 0

+/+

desenvolvimento de lesdes tumorais nos animais selvagens (Kit"") e reconstituidos de
mastécitos (Kit"+MC). Diferentemente, foi verificada menor susceptibilidade aos tumores
induzidos por MNNG nos Kit”". Na condicdo cronica, o MNNG promoveu a formagdo de um
microambiente imunorregulado rico em AnxAl, com baixa expressao das citocinas estudadas e
aumento de IL-4. Esse cenario imunossupressor sugere dependéncia dos MCs, células que
também foram associadas com a maior proliferacdo de celulas epiteliais colénicas. Em
conjunto, os resultados obtidos indicam a AnxAl como um possivel alvo terapéutico no CCR,
pois regula os danos iniciais induzidos pelo MNNG e a atividade e diferenciacdo dos MCs que,

cronicamente, contribuem para o desenvolvimento dos tumores.

Palavras-chave: microambiente tumoral, carcinogénese, inflamacdo, imunidade inata,

intestino



ABSTRACT

Colorectal cancer (CRC) is the third most common cancer in the world, the forth cancer-related
death cause in the Western counties, and its origin and development has been wildly related to
alterations in bowel inflammatory state. Annexin Al (AnxAl) is a protein involved in the
maintenance of intestinal homeostasis and the regulation of tumoral development through the
inhibition of inflammatory pathways. Mast cells (MCs), which also expressed AnxAl, were
extensively involved in carcinogens-associated damage in gastrointestinal tract. The present
study was conducted to evaluate the role of AnxALl in the functional response of MCs in
colorectal carcinogenesis induced by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG). Thus,
we measured MCs recruitment, activation, proteases (tryptase and chymase) expression and the
levels of cytokines (IFN-y, IL-1, IL-4, IL-6, IL12 and TNF-a) in the colon of AnxAl-deficient
mice (AnxAl-/-) during the acute response to MNNG. Mast cells-deficient mice (Kit-/-) were
also exposed to MNNG carcinogenic activity in order to check, after 24 weeks, the contribution
of MCs in tumor growth. Our results showed that MNNG damage increased the expression of
AnxAl which promoted tissue protection and regulated the migration and activation of MCs.
The carcinogen induced local immune deregulation with increased levels of pro inflammatory
cytokines found in AnxAl-/-. Chymase positive MCs were found at higher number in acute
exposure to MNNG and also in the established tumor environment. Interestingly, a greater
number of chymase-positive cells were observed in the presence of AnxAl. At chronic
condition, MNNG promoted an immunoregulated AnxAZ1-rich microenvironment dependent on
the MCs, which stimulates the proliferation of colonic epithelial cells. In conclusion, our results
indicate that AnxAl regulates MNNG-induced damage and the activity of MCs which,

chronically, seems to contribute to tumor development.

Keywords: Anexin Al, mast cells, colorectal cancer, tumor macroenvironment
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APRESENTACAO

Nesse trabalho, dois modelos experimentais diferentes que se complementam foram
utilizados na busca pela influéncia da proteina Anexina Al (AnxAl) sobre a atividade dos
mastocitos na carcinogénese de cdlon, induzida pelo carcinogeno MNNG. No primeiro modelo,
os animais deficientes de AnxAl foram expostos a atividade aguda do MNNG. No segundo, 0s
animais deficientes de mastocitos (Kit”™) foram submetidos & tumorigénese cronica, com o
objetivo de avaliar o papel dessas células no ambiente tumoral estabelecido, bem como o
envolvimento da AnxA1 nesse cenério.

Os resultados dessa tese de Doutorado originaram o manuscrito intitulado “Secreted
annexin A1 modulates mast cell pro-tumoral actions in N-methyl-N'-nitro-N-nitrosoguanidine-
induced colorectal cancer” (APENDICE 1) submetido para a revista British Jounal of Cancer
(ANEXO 4). Paralelamente, outras investigacbes foram desenvolvidas em colaboracdo e
resultaram na publicacdo de dois artigos cientificos, anexados na integra a tese. O artigo
intitulado “Humoral imune responses against the malaria vaccine candidate antigen
Plasmodium vivax AMA-1 and IL-4 polymorphisms in individuals living in an endemic area of
the Brazilian Amazon” foi publicado na Cytokine, cujo assunto esta relacionado com a
interferéncia de polimorfismos no gene da IL-4 no perfil de resposta Th2 e na producéo de
anticorpos contra a malaria (APENDICE 3). O outro artigo intitulado “Heterogeneity of mast
cells and expression. of Annexin Al protein in a seconde degree burn model with silver
sulfadiazine treatment” foi publicado na Plos One e explora o envolvimento dos mastdcitos na

regeneracao tecidual de queimaduras tratadas com sulfadiazina (APENDICE 2).
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1.1. Cancer colorretal

O céancer colorretal (CCR) é o terceiro tipo de cancer mais comum no mundo e a quarta
causa de morte por cancer no ocidente (FAVORITI et al., 2016). Com o aumento da
expectativa de vida da populacdo brasileira, as neoplasias vém ganhando cada vez mais
importancia no perfil de morbidade e mortalidade do pais. A ultima estimativa do Instituto
Nacional do Céncer (INCA) projetou que, em 2016, o CCR seria 0 segundo mais comum entre
as mulheres com 17.620 casos, ocupando, por sua vez, a terceira posi¢do entre os homens, com
16.660 casos novos, sendo a maior prevaléncia nas regides sul e sudeste.

A nomenclatura “cancer colorretal” se refere a todas as neoplasias malignas originadas
no epitélio do intestino grosso (c6lon) e do reto (BELOV; ZHOU; CHRISTOPHERSON,
2010). De acordo com os diferentes sitios anatdmicos de origem do tumor, esses podem ser
divididos em trés entidades (cancer de cdlon proximal, distal e retal) (LI; LAI, 2009). O
adenocarcinoma (ADC) € a manifestacdo histologica mais frequente, correspondendo a mais de
90% dos casos (HAMILTON et al., 2010) enquanto os demais tipos histolégicos incluem ADC
mucinoso, carcinoma de células escamosas e carcinomas indiferenciados (ZAMPINO et al.,
2009).

A histéria natural dessa neoplasia apresenta uma transicdo de criptas normais a
adenoma e, posteriormente, a adenocarcinoma durante um periodo de 10 a 20 anos (INCA —
MINISTERIO DA SAUDE, 2012). Os p6lipos adenomatosos (ou ADs) sdo protuberancias que
se projetam no lamen intestinal, classicamente considerados lesdes pré-malignas que fazem
parte das etapas da carcinogénese colorretal. Evidéncias demonstram reducdo da
morbimortalidade associada a deteccdo precoce de focos de criptas aberrantes (FCASs), lesGes
invasivas e precursoras de polipos adenomatosos (PAs). Nenhuma outra malignidade apresenta
tdo acentuada abundancia de lesdes pré-neoplasicas e/ou pré-cancerosas como o CCR
(TANAKA; ISHIKAWA, 2013a). O periodo de tempo necessario para o desenvolvimento do
ADC a partir do AD é longo, mesmo com estimativas conservadoras indicando um intervalo de
5 a 10 anos. O surgimento do AD e sua progressdo para ADC é resultado do acumulo de
alteracOes genéticas e epigenéticas que, dentre outras causas, promovem o desequilibrio entre a
apoptose e a proliferagdo das células epiteliais da mucosa intestinal (DAVIES; MILLER,;
COLEMAN, 2005).

As modalidades terapéuticas disponiveis para o tratamento do CCR incluem a resseccao

cirurgica da area do intestino afetada, seguida de quimioterapias e radioterapias, combinada
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com anticorpos monoclonais ou proteinas contra o fator de crescimento do endotélio vascular
(VEGF) e o receptor do fator de crescimento epidermal (EGRF) (BUTLER et al., 2016; CHAN
et al., 2017; PINTER et al., 2016). Sem tratamento adicional, aproximadamente 50% dos
pacientes submetidos a ressec¢do cirdrgica apresentam recidivas e progressdo da doenga
metastatica (MEDEIROS; OSHIMA; FORONES, 2010). Entretanto, o uso de terapias
combinadas também néo representa a cura total do cancer, sendo que a recorréncia em 5 anos é
de cerca de 40% dos pacientes (AUGESTAD et al., 2015). Embora aprimoradas ao longo do
tempo, estas técnicas de controle e erradicacdo do tumor, que despontaram a partir da década
de 70 e atualmente parecem ter atingido seus indices 6timos, ainda apresentam percentuais de
sucesso insatisfatorios na garantia de sobrevida de cinco anos para o paciente. Tais percentuais
estdo em torno de 50% no caso de tumores detectados precocemente e de 35% para tumores
avancados (SINHA; HONEY, 2012). Contudo, os sintomas clinicos podem nédo ser aparentes
até o final do curso da doenca e, por essa razdo, 0 CCR é frequentemente diagnosticado em
uma fase avancada (TANAKA, 2009).

A historia pessoal de adenoma (AD) e familiar de CCR e de condicGes hereditarias,
como Polipose Adenomatosa Familiar (Familial Adenomatous Polyposis - FAP) e Céancer
Colorretal Hereditario N&o-Polipoide (Hereditary Non-Polyposis Colorectal Cancer - HNPCC)
ou Sindrome de Lynch sdo fatores que predispdem ao aparecimento dessa neoplasia
(ITZKOWITZ; YIO, 2004). Tradicionalmente, o0 CCR pode ser dividido em casos esporadicos,
familiares e hereditérios, sendo que aproximadamente 80% sdo esporadicos (ZAMPINO et al.,
2009). Dentre os fatores genéticos envolvidos na etiologia do CCR esporadico destaca-se,
como evento inicial, uma mutacdo no gene supressor de tumor APC encontrada em 80% dos
casos, sugerindo que a tumorigénese colorretal esporddica siga a sequéncia ‘“‘adenoma-
carcinoma”, assim como na FAP (CHEAH, 2009). A progressao da mucosa normal para AD, e
deste para ADC, também estd associada ao acimulo de mutacGes em genes como o TP53,
KRAS e SMAD?2/4, considerados de grande importancia para esse tipo de progressao tumoral,
apesar de ndo explicarem com éxito o surgimento de todos os CCRs (DAVIES; MILLER;
COLEMAN, 2005), entre outras alteracdes genéticas.

Duas vias de desenvolvimento do CCR esporadico foram identificadas de acordo com
os eventos moleculares que lhe dao origem. Uma delas ¢ denominada via “candnica”
(sequéncia de adenoma a carcinoma) ou “supressora” por envolver a perda da expressdo de
genes supressores de tumor. Esta via € a mais comum e caracteriza-se por mutagdo ou por
delecdo de K-ras, APC, DCC, e p53, entre outros genes, como c-MYC e c-ERBB2
(HAMILTON, 1993; KAPITANOVIC et al., 1997; CALVERT; FRUCHT, 2002). A segunda

via, menos frequente, ¢ a “mutante” e envolve a instabilidade de microssatélites. A sua



Introducéo — 22

caracteristica molecular principal € um grande acimulo de mutagdes em sequéncias de
microssatélites ao longo do genoma, causadas por alteracdes primarias nos genes do sistema de
reparo de erros do DNA (MMR) (MORAN et al., 2010). Estas duas vias tém distintas
caracteristicas clinicas e histopatoldgicas (LEA; JACKSON; DUNNICK, 2009), sendo que e 0s
tumores originados pela via supressora tém melhor resolugdo clinica (COLUSSI et al., 2013). A
frequéncia de alteracbes e alguma das associagdes clinicas para alguns desses genes séo

apresentados na Tabela 1.

Tabela 1 - Oncogenes e Genes supressores de tumor

frequentemente associados ao Cancer Colorretal

Gene Frequéncia Associacao

Associado a Polipose Familiar Hereditaria e sua inativacao €
APC 85% X ) o
encontrada em grande parte dos canceres colorretais esporadicos.
Associado a transicdo de pdlipo para cancer invasivo,
TP53 35-55% o
enquadrando-se como Ultima chave deste processo.
Pacientes com cancer colorretal estadio IV e mutagdo de KRAS
KRAS 35-45% ) ) o
ndo respondem a terapia com inibidores de EGFR.
Mutacdo presente em 90% dos tumores com instabilidade
TGFBR2 25-30% microssatélite e 15% dos canceres colorretais com estabilidade
microssatélite
MLH1,
MSH2, 15-25% Associado a cancer colorretal hereditario sem polipose HNPCC.
MSH6
Mutacdo encontrada na polipose familiar juvenil com risco
SMAD4 10-35% aumentado de cancer colorretal em mais de 60% dos casos apos a
terceira ou quarta décadas de vida.

Fonte: Adaptado de PARREIRAS et al., 2013.

Algumas caracteristicas importantes do estilo de vida como o consumo excessivo de
carne vermelha (HOGG, 2007), alimentos gordurosos (LIU et al., 2011a) ou alcool (etilismo)
(FEDIRKO et al., 2011) contribuem para o aparecimento esporadico (ndo hereditario) da
doenca. Outros fatores de risco incluem a idade acima dos 50 anos, a obesidade, o sedentarismo
(BEYDOUN; BEYDOUN, 2008) e o diabetes (LARSSON; ORSINI; WOLK, 2005).
Intervencgdes sobre esses habitos reduzem o risco a que 0s pacientes estdo sujeitos, e nos casos

de recorréncia familiar o acompanhamento possibilita a deteccdo precoce (ANAND et al.,
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2008). Em comum, todos esses fatores tem a capacidade de modificar o estado inflamatério do
intestino (ANAND et al., 2008). Por isso, o uso de aspirina tem sido proposto em ensaios
clinicos na terapia preventica do CCR pela sua atividade de inibicdo da sintese da
prostaglandina E2 (PGE,) (DREW; CAO; CHAN, 2016). As evidéncias da intrinseca
associagédo entre inflamacéo e o estabelecimento de neoplasias (GRIVENNIKOV; GRETEN;
KARIN, 2010) reforcam a necessidade do estudo do papel das células inflamatorias na
carcinogénese colorretal, um tema que vem ganhando destaque nos Gltimos anos (DI CARO et
al., 2013).

1.2. Mastdcitos no cancer colorretal

Os mastécitos sdo células imunes residentes, ricas em granulos citoplasmaticos
metacromaticos contendo diversos moduladores inflamatérios como citocinas, proteases,
histamina, seratonina e eicosandides. Os mastocitos sdo derivados de células progenitoras
pluripotentes da medula 6ssea, CD34+/CD117+ em humanos (KENNELLY et al., 2011). A
partir dai, o desenvolvimento de mastocitos maduros nos tecidos é dependente da ativacdo de
KIT (CD117) pela associagdo com o seu principal ligante, o fator de crescimento de células-
tronco (SCF) (HALOVA; DRABEROVA; DRABER, 2012). Entretanto, o estimulo somente
com IL-3, independente de SCF, também promove a manutencdo de mastocitos murinos in
vitro, uma vez que ambos induzem a ativacdo do fator de transcricdo STATS5, importante
regulador da proliferacdo e sobrevivéncia dessas células (SHELBURNE et al., 2003).

Mastécitos diferenciados no tecido sdo células residentes de longa vida, contudo
dependentes do estimulo continuo de SCF. A suspensdo da atividade catalitica do KIT resulta
na apoptose de mastocitos, que também é promovida pela privacdo de SCF, danos do DNA e
outros estimulos intrinsecos que resultam na ativacdo de caspases (WOIDACKI et al., 2013).
Assim, o silenciamento do gene codificante de KIT resulta na deficiéncia de mastdcitos e
constitui um modelo de estudo importante no entendimento da atividade dessas células em
diversas condicdes fisiopatologicas. No célon normal, os mastocitos sdo localizados no
mesénquima adjacente ao epitélio intestinal e sua funcdo é diretamente associada a organizacao
da membrana basal (CHICHLOWSKI et al., 2010), uma vez que os animais deficientes de
mastécitos (Kit™) apresentam alteracdes da arquitetura intestinal (GROSCHWITZ et al., 2009).

Os mastocitos expressam uma grande diversidade de receptores de superficie capazes de
regular sua proliferagdo migragdo e ativacdo. A ativacdo dos mastocitos desencadeia uma serie
de eventos bioquimicos que culmina em uma cascata de sinalizacdo intracelular, que resulta na
liberagdo do conteudo dos granulos citoplasmaticos no espaco extracelular por exocitose,

processo denominado desgranulagdo. O reconhecimento de antigenos especificos via IgE ligada
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a receptores de superficie nos mastdcitos € o principal estimulo conhecido para a ativagdo dos
mastocitos. Contudo, a presenca de receptores semelhantes ao Toll (TLRs) e NOD (NLRs) €
amplamente aceita nessas células, fornecendo a capacidade de responder também a padrdes
moleculares associados aos patdégenos (PAMPs) e dano celular (DAMPs) (DIETRICH et al.,
2010).

A ativacdo dos mastocitos resulta na rapida producdo de mediadores inflamatdrios
derivados de lipideos da cascata do acido aracddnico, eicosanoides, prostaglandinas e
leucotrienos, a partir de fosfolipidios de membrana e esfingolipidios. Nesse momento, também
ocorre a liberacdo de mediadores pré-formados armazenados nos granulos dos mastécitos como
aminas bioativas, principalmente a histamina, proteoglicanos e proteases, sobretudo triptases e
quimases (MOON; DEAN BEFUS; KULKA, 2014). Apls esses eventos iniciais, ocorre
aumento da expressdao génica de citocinas, como o fator de necrose tumoral (TNF-a),
interleucinas 1, 4 e 6 (IL-1, IL-4 e IL-6), além de quimiocinas e fatores de crescimento como o
fator de crescimento dos fibroblastos 2 (FGF-2) e o fator de crescimento do endotéliol vascular
(VEGF). Esses mediadores influenciam profundamente os tecidos ao redor, sendo relacionados
recentemente a inducdo de respostas imunes, hiperplasia celular, angiogénese e, também,
tumorigénese (AZOUZ et al., 2015).

Os mastdcitos tém sido implicados no desenvolvimento dos efeitos deletérios induzidos
no intestino por carcindgenos, como a radiacdo gama (BLIRANDO et al., 2011), 1,2-dimetil-
hidrazina (DMH) (WEDEMEYER; GALLI, 2005a) e o sulfato sédico de dextrana somado ao
acido 2,4,6-trinitrobenzenosulfénico (DSS/TNBS) (HAMILTON et al., 2011). Essas células
também sdo encontradas em todos os estagios do desenvolvimento tumoral, sendo consideradas
uma das principais populac6es celulares do estroma neoplasico (VARRICCHI et al., 2017). No
entanto, no microambiente tumoral estabelecido, a descricdo dos mediadores produzidos pelos
mastocitos e, consequentemente, a atuacdo dessas células em relagdo as tumorais é altamente
heterogénea (HEIJMANS et al., 2012). Alguns desses mediadores, como TNF-a, IL-1, IL-4 e
induzir a apoptose das células tumorais e quimiotaxia dos leucdcitos, favorecendo o controle da
progressao tumoral (CONTI et al., 2007). No entanto, a secrecdo de histamina, VEGF, FGF-2,
triptase, quimase, IL-8 e 1L10 sugere que 0s mastocitos podem favorecer o desenvolvimento
tumoral, estimulando a vasodilatacdo, angiogénese, proliferagdo, morfogénese e degradagéo da
matriz extracelular, promovendo um ambiente propicio para o processo neoplasico e
metastatico (MALTBY; KHAZAIE; MCNAGNY, 2009; WASIUK et al., 2009).

A diversidade funcional dos mastécitos pode ser, a0 menos em parte, devida a limitagédo

das andlises que avaliam os mastocitos como uma populagdo celular homogénea. No entanto,
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diferencas moleculares e morfologicas condicionam a existéncia de subpopulagdes de
mastocitos, derivadas de um progenitor comum circulante (MAANINKA; LAPPALAINEN;
KOVANEN, 2013). A diversidade fenotipica entre mastécitos do tecido conjuntivo (CTMCs) e
de mucosa (MMCs) foi descrita pela primeira vez em ratos por Enerback em 1986, em funcéo
das diferentes propriedades histologicas no jejuno. Décadas mais tarde, foi demonstrado que os
CTMCs, provenientes do intestino delgado, peritdneo e pele dos camundongos, sdo capazes de
expressar a quimase mMCP-4, a elastase mMMCP-5, e duas triptases tetraméricas, mMMCP-6 e -7,
enquanto os MMCs do intestino delgado expressam apenas dois tipos de quimases mMMCP-1 e -
2. Desse modo, os mastdcitos murinos exibem variacdo anatbmica na expressao de proteases,
sendo que a expressdo quimase no intestino é verificada mesmo em condi¢des controle.

A expressdo variavel das enzimas triptase, quimase e catepsina G também tem levado
ao reconhecimento de diferentes subpopulagfes de mastocitos humanos (XING et al., 2011).
Mastdcitos que expressam triptase e quimase (MCrc) sdo abundantes no tecido conjuntivo da
pele (derme) e na submucosa do trato gastrointestinal, enquanto aqueles que expressam triptase,
mas pouca ou nenhuma quimase (MC+) sdo localizados, geralmente, na mucosa dos tratos
respiratério e gastrointestinal. Uma terceira e menor populacdo de mastocitos, que expressa
somente quimase e catepsina G (MCc), também foi identificada na mucosa e submucosa
intestinal (WEIDNER; AUSTEN, 1993). No entanto, alguns estudos, tém mostrado que tais
classificacbes nao sdo rigidas, podendo ser modificadas dentro do microambiente tumoral
(GURISH et al., 1995; MALTBY; KHAZAIE; MCNAGNY, 2009).

1.3. Diferenciacdo dos mastocitos e implicacdes no desenvolvimento tumoral

A capacidade dos mastdcitos para se transdiferenciarem entre as subpopulaces,
modificando sua sintese de mediadores em resposta as citocinas, hormonios e espécies reativas
de oxigénio, foi demonstrada inicialmente in vitro (KITAMURA, 1986). Essa condicéo,
adquirida em cultura, ndo é mantida quando as células sdo transferidas novamente para os
tecidos de origem. Em humanos, poucos dados da literatura descrevem a possibilidade de
transdiferenciacdo de mastdcitos. No entanto, a alteragcdo do perfil de mastdcito, observado no
mesmo tecido em condi¢des normais e patologicas, tem sido relatada (MOON et al., 2010;
WALLS et al., 1990). Embora o recrutamento de mastocitos maduros, de tecidos adjacentes,
seja plausivel para explicar este fendmeno, os achados sobre plasticidade de diferentes células,
como linfdcitos e macrofagos, ressaltam que a expressdo de marcadores e mediadores nédo €
estdvel nas células do sistema imune, estando diretamente associada as condi¢Ges do
microambiente em que essas células estdo inseridas (XING et al., 2011), conforme ilustrado na

figura 1.



Introducéo — 26

Ainda que sutis, as diferencas entre os subtipos de mastocitos podem ocasionar
alteracdes notaveis no quadro clinico de doencas respiratorias (KOSANOVIC et al., 2013),
cutaneas (BABINA et al., 2006) e intestinais (BEIL et al., 2002). Em todos os casos €
importante destacar que, em vista do seu potencial pleitrépico, qualquer efeito desempenhado
por essas proteases em beneficio ou detrimento do hospedeiro é necessariamente contexto-
especifico (CAUGHEY, 2007). A expressao de quimases e tripstases dos mastocitos esta
correlacionada com a maturacdo dessas células nos tecidos e ao processo de angiogénese
durante a progresséo de tumor quimicamente induzido em camundongos BALB/c (ANTONIO
et al., 2012). Dessa forma, a caracterizacdo dos subtipos de mastocitos, infiltrados no processo

neoplasico, pode ser Util na descri¢do da acéo anti ou pré-tumoral dessas células.

mMC
Outros tecidos @

>
FATORES GENETICOS . . o
Polimorfismos e epigenética FATORES TECIDO-ESPECIFICOS ALTERACOES DO MICROAMBIENTE
Género Citocinas, horménios, fatores de crescimento ex: condigoes patologicas

HETEROGENEIDADE DE MASTOCITOS

Figura 1. Desenvolvimento e heterogeneidade dos mastdcitos. As células progenitoras de mastdcitos (MCP)
podem se desenvolver a partir de células tronco-hematopoiéticas (HSC) mas, também, de células progenitoras de
granulécitos/macréfagos (GMP), diferenciadas de um progenitor mieléide comum (CMP). No baco de
camundongos C57BL/6 é descrita, ainda, a diferenciacdo de MCPs de células progenitoras comuns de mastécitos e
basofilos (BMCP), que também originam células progenitoras de baséfilos (BAP). A maturagdo dos mastdcitos
(MC) é influenciada por fatores do microambiente e resulta no desenvolvimento de diferentes fenétipos. Variagdes
no microambiente em condicoes fisioldgicas (como mudangas hormonais no ciclo menstrual) e patoldgicas podem
causar alteracdes no fendtipo dos mastdcitos. Além disso, fatores genéticos como polimorfismos e a regulagao

epigenética da expressao génica pode afetar a heterogeneidade dos mastécitos. Adaptado de Moon, 2010.
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O aumento do numero de mastocitos quimase-positivos esta relacionado, por exemplo,
ao mal prognéstico no cancer pulmonar (NAGATA et al., 2003). No trato intestinal normal, a
expressdo de quimase nio é observada (ALDENBORG; ENERBACK, 1994). Contudo, o
nimero de mastocitos quimase-positivos ¢ aumentado na doenga inflamatoria intestinal
(ANDOH et al., 2006) e ocorre predominio destas células nos pacientes com CCR (TAN et al.,
2005). Entre seus efeitos conhecidos, a quimase interfere na resisténcia transepitelial e na
permeabilidade paracelular in vitro, podendo estar relacionada ao desenvolvimento da irritacéo
intestinal (GROSCHWITZ; HOGAN, 2009). Paralelamente, a quimase pode estar intimamente
relacionada com a formacdo de novos vasos e progressdo do cancer gastrico (KONDO et al.,
2006). Ainda, a capacidade da quimase e catepsina G de converterem a angiotensina | em
angiotensina Il estimulando a angiogénese (SUEKANE et al., 2010) possivelmente contribui
para a progressao do tumor. Na maioria dos tumores humanos, a alta densidade de mastocitos
estd associada com intensa vascularizacdo e diminuicdo da sobrevida do paciente (MALTBY;
KHAZAIE; MCNAGNY, 2009).

Modelos experimentais murinos mostram que a protease 4 de mastocitos murinos,
similar a quimase humana, é capaz de degradar o TNF em suas formas soluvel e
transmembranica (PILIPONSKY et al., 2012), propiciando a evasao tumoral, além de atuar na
ativacdo de MMP-9 e patogénese de colon induzida por DSS (ISHIDA et al., 2008). E
importante ressaltar que o surgimento desses subtipos é estritamente relacionado aos

mediadores presentes no microambiente (GALLI; TSAI, 2008).

1.4. Proteina anexina 1 e seu papel no microambiente tumoral

A Anexina Al (AnxAl), originalmente descrita como uma proteina induzida por
glicocorticdide com agdes inibitdrias da fosfolipase A, (FLOWER; BLACKWELL, 1979;
GOULDING et al., 1990), é uma proteina anti-inflamatoria de 37 kDa, formada por 346
aminoéacidos. Ela é o primeiro membro de uma familia de 13 anexinas descritas em mamiferos
(RAYNAL; POLLARD, 1994). As anexinas sdo agrupadas em funcéo das suas caracteristicas
estruturais, incluindo a presenga de um nucleo, que é constituido por quatro repeticdes de 60 a
70 aminodcidos cada, com alta afinidade ao calcio (GERKE; CREUTZ; MOSS, 2005), ligado a
uma sequéncia N-terminal, que confere especificidade de acdo para cada membro da
superfamilia anexina (GERKE; MOSS, 2002). Uma representacdo esquematica da estrutura

primaria e o arranjo tridimensional da ANXA1 sdo mostrados na figura 2.
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Figura 2. A proteina anti-inflamatdria Anexina Al. (A) Representacdo esquematica da estrutura primaria, com
destaque do sitio ativo anti-inflamatdrio (peptideo ANXA,.). (B) llustracdo do arranjo tridimensional desta
proteina. Retirado de Rescher & Gerke, 2004.

A AnxAl é amplamente distribuida no organismo, sendo encontrada nos leucocitos,
celulas do estroma e fluidos biologicos (PERRETTI; D’ACQUISTO, 2009). Varias células
expressam a AnxAl e ha diferencas na localizacdo intracelular da proteina em mastocitos
(OLIANI et al., 2000; SILISTINO-SOUZA et al., 2007), neutrdfilos (OLIANI et al., 2001) e
eosinofilos (OLIANI; DAMAZO; PERRETTI, 2002). A diferenciacdo celular e, em alguns
casos a ativacdo, € um grande estimulo para a sintese de AnxAl, embora 0S pProcessos
moleculares ndo estejam totalmente esclarecidos. Exemplos dessa regulacdo tém sido relatados
nos fibroblastos estimulados pelo TNF-o (TAGOE et al., 2008) e nas células epiteliais
(CROXTALL; FLOWER, 1992).

Os glicocorticoides regulam a sintese e funcdo da ANXAL (PARENTE; SOLITO, 2004;
RHEN; CIDLOWSKI, 2005), possivelmente por meio de uma combinacdo de processos nédo-
gendmicos e gendmicos, dependendo do tipo celular (PERRETTI; D’ACQUISTO, 2009).
Dexametasona e outros esteroides aumentam a localizagdo da ANXA1 na superficie das células
(SOLITO et al., 2006). Este processo ndo exige sintese proteica de novo e esta associado com
mudancas rapidas na localizacdo celular da proteina (processo ndao gendmico). O aumento
tardio de expressdo da ANXAL na superficie celular é consequente da ativacdo do gene
(processo gendmico) (PERRETTI; DALLI, 2009).

A ANXA1, localizada na regido cromossémica 9q12-9921.2 (HUEBNER et al., 1988),
esta envolvida em algumas das acdes benéficas dos glicocorticoides, incluindo a inibi¢do da
proliferacdo celular e diapedese leucocitaria (PERRETTI; D’ACQUISTO, 2009), a regulagéo
da diferenciacdo celular (FLOWER; ROTHWELL, 1994) e o trafico de membranas
(DIAKONOVA et al., 1997). Além disso, essa proteina tem sido associada com a progressao
em alguns tumores invasivos, sugerindo um papel na regulacdo da proliferacdo, migragéo e
invasdo das células epiteliais (BAI et al., 2004; CICEK et al., 2004; LIN et al., 2008). No
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entanto, os mecanismos moleculares pelos quais a ANXA1 modula essas respostas celulares
ndo sdo completamente entendidos (KHAU et al., 2011). Uma interessante funcdo da ANXAL,
na proliferacdo celular, é o seu papel como um substrato do dominio tirosina quinase,
pertencente ao receptor do fator de crescimento epitelial (EGFR) (DE et al., 1986; RADKE et
al., 2004), que inibe a proliferacdo epitelial (CROXTALL et al., 1996). Algumas das agdes
bioldgicas da AnxAl sdo apresentadas na figura 3.

Vérias investigacdes indicam que a acdo reguladora da AnxAl sobre a migracdo
transendotelial leucocitaria, pode ser mediada pelo FPR (PERRETTI et al., 2001; GAVINS et
al., 2003; ERNST et al., 2004; DUFTON et al., 2010). A familia FPR apresenta divergéncia
evolutiva significante em espécies de mamiferos, com notavel expanséo diferencial de genes
em murinos (GAO et al., 1998).

Em camundongos, a familia de genes Fpr é complexa e esté& localizada no cromossomo
17, compreendendo sete membros. Enquanto, em humanos, apenas trés tipos de receptores
foram encontrados e incluem, FPR1, FPR2/ALX (também conhecido como FPRL-1) e FPR3
(antigamente designado com FPRL-2) (YE et al., 2009). Ambos FPR2/ALX e FPR3 estdo
colocalizados com o FPR1 na regido cromossdmica 19q13.3 (BAO et al., 1992). Os receptores
fprl e fpr2 de roedores (anteriormente designados Fpr-rsl e Fprs-rs2) correspondem,
respectivamente, ao FPR1 e FPR2/ALX em humanos, com os quais compartilham homologias
de 77 e 76% (DUFTON; PERRETTI, 2010; GAO et al., 1998; YE et al., 2009).

Embora os FPRs sejam classicamente conhecidos por agirem como receptores
quimiotaticos, regulando a migracdo leucocitéria, eles sdo expressos em populacdes celulares
diversas e ativados por uma variedade de ligantes enddgenos e exdgenos gque provocam
respostas bioldgicas diferentes, tais como lipoxina A4 (LXA4), amiloide sérica A (SAA) e
AnxAl (LE et al., 2001); (DUFTON; PERRETTI, 2010). A AnxAl ativa somente o receptor
FPR2/ALX (HAYHOE et al.,, 2006), ja o peptideo Ac2-26, in vitro, ativa todos os trés
receptores da familia FPR (RESCHER et al., 2002; ERNST et al., 2004). No entanto, tais
respostas sdo blogueadas por antagonistas ndo seletivos dos receptores FPRs, 0s antagonistas
Bocl e Boc2 (STENFELDT et al., 2007), por meio da inibi¢do do fluxo de célcio induzido pela
AnxAl em PMNs (LA et al., 2001a).

A funcdo do receptor FPR nas ac¢fes antimigratorias da AnxAl e dos seus peptideos
derivados também foi demonstrada com o uso de camundongos deficientes para o FPR na
peritonite (PERRETTI et al., 2001), na microcirculacdo mesentérica apds isquemia-reperfusdo
e no edema de pata induzido por carragenina (DUFTON; PERRETTI, 2010). Investigacdes
realizadas em nosso laboratorio mostraram, pela primeira vez na literatura, a colocalizacao

ultraestrutural da AnxAl com o receptor Fpr-rs2 (fpr2) em neutrdfilos de camundongos
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induzidos a peritonite aguda, indicando que a acdo anti-inflamatéria da AnxAl pode ser
mediada pelo receptor fpr2 (GASTARDELO et al., 2009).

A expressdo do receptor FPR2 pode estar intimamente relacionada com a expressao da
AnxAl. O estudo realizado por Sawmynaden e Perretti (2006) mostrou que o tratamento com
dexametasona aumenta a expressdo proteica da AnxAl e do FPR2/ALX em mondcitos. A
hipdtese proposta por Perretti e D'Acquisto (2009) € que os GCs, inicialmente, promovem
rapida mobilizacdo da AnxAl na superficie celular onde o receptor esta localizado, por
mecanismos ndo-genémicos. Em seguida, levam ao aumento da expresséo dos genes AnxAl e
FPR2 por mecanismos gendmicos.

Os mecanismos moleculares responsaveis pela mobilizacdo da AnxAl para a membrana
plasmatica sdo dependentes do tipo celular. A proteina pode ser externalizada pela exocitose
dos granulos de gelatinase dos neutréfilos ou apos ativacdo do sistema transportador cassete
ligante do ATP (ABC-transporter) nos macréfagos (PERRETTI; DALLI, 2009).

O acesso da AnxAl enddgena aos receptores de membrana pode, ainda, depender de
processos de fosforilacdo que possibilitam a translocacdo da proteina do citoplasma para a
superficie celular (SOLITO et al.,, 2003; SOLITO et al., 2006; SOLITO et al., 2008).
Mecanismos ndo gendmicos, mas que requerem as vias proteina quinase C (PKC),
fosfatidilinositol 3-quinase (PI3K) e proteina quinase ativadora de mitégeno (MAPK) foram
observados em células pituitarias foliculoestelares humanas, nas quais, os GCs e o LPS
induziram a fosforilacdo da AnxAl em serina e translocacdo da proteina recém-fosforilada para
a superficie celular (SOLITO et al., 2003, 2006). Curiosamente, a dexametasona ndo teve
nenhum efeito sobre a fosforilacdo da AnxAl em tirosina (SOLITO et al., 2003)(SOLITO et
al., 2003).

Poucos pesquisadores tém estudado a possivel expressdo do receptor FPR e sua
interagdo com ANXA1L nos tumores. Em uma recente investigacdo, foi mostrado que a ANXA1
e seu peptideo N-terminal ANXAL,,s podem promover a invasdo das células SKCO-15
(linhagem celular derivada de adenocarcinoma coloretal) por meio da ativacdo do receptor
FPR2 em uma maneira autocrina/paracrina (BABBIN et al., 2006). A associacdo entre a
expressdo da AnxAl em biopsias de tumores de laringe, bem como experimentos in vitro com a
linhagem tumoral Hep-2 sugere o envolvimento desses mediadores no crescimento tumoral e
mestastase (GASTARDELO et al., 2014).

A expressdo alterada da ANXAL tem sido associada com a transformacgéo celular,
progressao tumoral e metastase (LIU et al., 2011b). Estudos tém demonstrado que o padréo da
expressdo da ANXAL no cancer humano ndo é bem definido. O aumento da expressdo dessa

proteina foi previamente observado no glioblastoma (LOGING et al., 2000), adenocarcinoma
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mamario (AHN et al., 1997), carcinoma hepatocelular (MASAKI et al., 1996), cancer de
pancreas (BAI et al., 2004) e adenocarcinoma de pulméo (LIU et al., 2011b). Enquanto, outras
investigacOes relataram reducdo ou perda da expressao da ANXAL no cancer de cabeca e
pescoco (GARCIA PEDRERO et al., 2004; PAWELETZ et al., 2000), eséfago (PAWELETZ
et al., 2000), prostata (PAWELETZ et al., 2000; XIN et al., 2003), linfoma ndo-Hodgkin
(VISHWANATHA; SALAZAR; GOPALAKRISHNAN, 2004) e adenocarcinoma sinonasal
(RODRIGO et al., 2011) e no carcinoma invasivo de mama (SHEN et al., 2006), embora a
expressdo aumentada seja verificada no tecido hiperplasico. A maioria dos dados correlaciona
as alteracfes na expressdo de AnxAl com pior prognostico (BOUDHRAA et al., 2016). Em
tumores gastrointestinais, a expressao de AnxAl regula a invasividade das célualas tumorais,
resultando na metéstase para a cavidade peritonial e baixa sobrevida (KANDA; KODERA,
2016).

Vérias investigacdes tém caracterizado a regido N-terminal como promotora da acao
anti-inflamatoria da AnxAl, de modo que os resultados experimentais com o peptideo sintético
AnxAl,.,6, contendo 0 mesmo sequenciamento de aminoacidos, confirmam a presenca desse
sitio ativo anti-inflamatdrio (GAVINS et al., 2003; PERRETTI, 1998). Em nosso grupo de
pesquisa, demonstramos que o tratamento com o peptideo AnxAl,.,6, na linhagem celular de
cancer de laringe (Hep-2), resultou no aumento da expressao da AnxAl e na inibicdo do
crescimento tumoral, sugerindo um papel regulatério dessa proteina no desenvolvimento
tumoral (GASTARDELDO et al., 2014). A AnxAl também interfere na ocorréncia de metastases
em alguns tumores, regulando o processo de migracdo/invasdo celular (ALLDRIDGE;
BRYANT, 2003; WANG et al., 2004). Similarmente, a falta de AnxAl no tumor, torna as
células tumorais resistentes a apoptose apds inducdo por agentes quimioterapicos (LIM;
PERVAIZ, 2007), sugerindo essa proteina como um biomarcador negativo no desenvolvimento
e na progressao do cancer.

No trato gastrointestinal, a AnxAl foi revelada como um fator diferencial entre
portadores de DC e RU. Enquanto pacientes com DC apresentam regulacdo negativa da AnxAl
nas células epiteliais e imunes transmigradas para o tecido (SENA et al., 2013), portadores de
RU tém alta expressdo dessa proteina nos mesmos tipos celulares (VONG et al., 2012). Essa
diferenca demonstra que, independentemente dos mecanismos especificos de cada DII, a
AnxAl é um importante mediador no contexto da inflamacdo intestinal. Ainda, outros estudos
tém demonstrado o papel da AnxAl na prevencdo de lesdo da mucosa intestinal em modelo
murino (MARTIN et al., 2008) e, também, na cicatrizagdo de ulceras induzidas por
indometacina no estbmago ou em lesGes consequentes de DIl (BABBIN et al., 2006, BABBIN
et al., 2008; LEONI et al., 2013).
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Figura 3. Algumas das acBes bioldgicas da ANXAL. A) Inibicdo da fosfolipase A2 e ciclo-oxigenase-2. B)

Inibicdo da diapedese leucocitiria mediada pelo receptor FPR. C) Expressdo aumentada da ANXAL apos
tratamento com glicocorticoide. D) Estimulagdo de fagocitose de células apoptéticas. E) Inibicdo da proliferacdo
por meio da fosforilagdo pela tirosina quinase EGFR. F) Inducdo da apoptose pela superexpressdo e translocacéo
para o nicleo. Retirado de Lim e Pervaiz, 2007.

No sistema imune, a AnxAl tem um papel contraditério, exibindo ac@es inibitdrias sobre
a ativacdo e transmigracao de neutrofilos e mondcitos e conduzindo a resolucdo da inflamacéo
aguda (PERRETTI et al., 1996; OLIANI et al., 2001; CHATTERJEE et al., 2005; GIL et al.,
2006) e, por outro lado, podendo levar a proliferacdo e diferenciacdo de células T a resposta
Thl (Figura 3) (D’ACQUISTO et al., 2007).

Um estudo realizado pelo nosso grupo demonstrou que a indugdo de peritonite com
carragenina, promove a reorganizagdo dos grénulos citoplasmaticos e a sintese de novo da
AnxAl, que desempenha um papel importante na regulagdo do infiltrado inflamatorio e
citocinas produzidas no intestino (OLIANI et al., 2000, 2008). Deste modo, a AnxAl € descrita
como capaz de inibir a desgranulacdo de mastécitos (BANDEIRA-MELO et al., 2005), atuando
na atividade de estabilizadores farmacoldgicos via FPR (YAZID et al., 2013; SINNIAH et al.,
2016). Alem disso, foi demonstrado recentemente que a ativacdo da via FPR2/ALX nos
mastocitos, reduz a migracdo de neutrdfilos na resposta imune intata (HUGHES et al., 2017).
No entanto, pouco é conhecido sobre a atividade da AnxAl sobre a regulacdo da sintese de

mediadores pelos mastécitos, sobretudo no microambiente tumoral.
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Com essas consideragfes, um melhor entendimento dos mecanismos moleculares
responsaveis pelos efeitos do tumor na expressao de mediadores pelos mastocitos e,
consequentemente, o efeito sobre o processo oncogénico é de grande importancia para o
delineamento de novas estratégias terapéuticas anti-cancer. Além disso, essa investigacdo
contribui para o melhor entendimento do papel dos subtipos de mastocitos e da proteina AnxAl
no adenocarcinoma colorretal, pois poucos estudos tém investigado essas acOes e,
possivelmente, poderdo resultar em dados efetivos para prevencéo, diagndstico e/ou tratamento

desse tipo de cancer.



2. OBJETIVOS
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2.1. Objetivo geral

No presente projeto avaliamos a influéncia da AnxAl sobre a atividade e o fendtipo dos

mastocitos nos estagios iniciais da carcinogénese e no microambiente tumoral coldnico

estabelecido, assim como a producdo dos mediadores farmacol6gicos e seu envolvimento na

neoplasia colorretal induzida quimicamente.

2.2. Objetivos especificos

Camundongos BALB/c selvagens e deficientes de AnxAl foram utilizados para avaliar o

efeito agudo de instilagdes intrarretais com MNNG sobre:

iv.

a expressdo endogena da AnxAl nos animais selvagens;

as alteragdes estruturais induzidas pelo carcindgeno no epitélio col6nico;

0 numero e o estado de ativacdo dos mastocitos;

a presenca de subpopulacdes de mastdcitos no microambiente tumoral, pela deteccdo de
triptase e quimase;

a producdo de IL-1B, IL-4, IL-6, IL-12, TNFa, IFN-y no tecido coldnico.

Camundongos C57/BL6 selvagens e deficientes de mastocitos, foram avaliados apos o

desenvolvimento crénico de tumores colorretais:

a interferéncia dos mastocitos no nimero de lesdes tumorais formadas, na condicao clinica

dos animais e na arquitetura das criptas col6nicas;

. 0 nimero e estado de ativacdo dos mastocitos;

iii. a presenca de subpopulacdes de mastocitos no microambiente tumoral, pela deteccdo de

triptase e quimase;

a expressdo de AnxAl e a producdo das citocinas (IL-1B, IL-4, IL-6, IL-12, TNFa, IFN-y)
no tecido colonico;

0 numero de células proliferativas e apoptoticas no colon pela expressdo dos marcadores
PCNA e Caspase-3.



3. MATERIAIS E METODOS
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3.1. Animais

Camundongos BALC/c (AnxA1**) selvagens e deficientes para a proteina (AnxA1™)
foram gentilmente cedidos pela Profa. Dra. Sandra Helena Poliselli Farsky (FCF-USP, Sao
Paulo — SP). Camundongos selvagens C57/BL6 (Kit"") e geneticamente deficientes de
mastdcitos WBB6F1-Kit™""V" (Kit") foram adquiridos junto ao Biotério de Animais Especiais
da Faculdade de Medicina de Ribeirdo Preto (FMRP USP), por intermédio da Profa. Dra.
Gabriela Silva Bisson (EERP-USP, Ribeiréo Preto — SP). Os experimentos foram realizados no
Laboratério de Imunomorfologia do Instituto de Biociéncias, Letras e Ciéncias Exatas da
UNESP de S&o José do Rio Preto (IBILCE — UNESP) ap6s inducdo tumoral realizada no
Laboratorio de Gendmica e Imunobiologia da Escola de Enfermagem de Ribeirdo Preto (EERP
— USP Ribeirdo Preto). Animais machos, com idade entre 5 e 7 semanas, pesando
aproximadamente 25g foram utilizados. Estes foram mantidos em gaiolas com grupos de 5
animais, ciclo de claro-escuro de 12h e agua e comida ad libitum. Os procedimentos adotados
foram aprovados pelos Comités de Etica em Pesquisa Animal do IBILCE/UNESP (73/2014),
EERP/USP (13.1.124.20.2) e FCF/USP (01200.003570/2015-17) (ANEXOS 1, 2 e 3

respectivamente).

3.2. Administracao do carcinbgeno MNNG

Os camundongos receberam instilagGes intrarretais a 3 cm da margem anal de 0,1 mL
do composto carcinogénico Metil-N"-Nitro-N-Nitroso-Guanidina (MNNG) (Sigma-Aldrich,
Milwaukee, WO, USA) (20 mg/kg peso corporal). Os animais do grupo controle receberam 0,1
mL de PBS 1 mM (pH 7,0) pela mesma via (CHE et al., 2010). Em virtude do alto potencial
carcinogénico do composto, sua manipulacdo em forma solida foi realizada por um técnico
especializado no Departamento de Patologia, Faculdade de Medicina de Ribeirdo Preto
(FMRP/USP). Apos, no IBILCE, os animais receberam instilagdes intrarretais de 0,1 ml da
solucdo de MNNG (5 mg/ml), a 3 cm da margem anal, utilizando uma sonda metélica de 5 cm.
Para evitar exposicdo desnecessaria, 0s pesquisadores envolvidos foram paramentados com

jaleco, mascara e luvas de nitrila.

3.3. Transplante de células da medula 6ssea para os camundongos Kit”

Para a reconstituicdo de mastocitos, camundongos Kit” (n=5/grupos) receberam
injecBes i.v. de 2x10" células isoladas a partir da medula de camundongos normais C57/BL6
(Kit"™) (GRIMBALDESTON et al., 2005). Resumidamente, células da medula 6ssea foram

+/+

retiradas do fémur de camundongos Kit"" com meio Dulbecco (DMEM) (Sigma Chemical Co.,
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St. Louis, MO, USA) e cultivadas com o mesmo meio suplementado com 10 ng/ml de IL-3
(PeproTech, Rocky Hill, NJ, USA) até que mais de 95% das células fossem identificadas como
mastocitos derivados de cultivo celular (BMCMCs). Esse fenotipo celular foi identificado pela
coloragdo com May Grunwald-Giemsa (Bio-OpticaSpA, Milan, Italy) e expressédo positiva de
FceRI (anti-mouse conjugado com PE, 1:200, clone MAR-1, Biolegend San Diego, California,
USA) e c-Kit (Anti-mouse CD117 conjugado com FITC, 1:200, 2B8, Biolegend, San Diego,
California, USA) por citometria de fluxo no FACSCanto I® (Becton Dickinson, San Jose, CA).
Células viaveis foram contadas com azul de tripan 0,4% (Thermo Fisher Scientific Inc,
Waltham, MA,USA) e 2x10’ células diluidas em 200 mL de DMEM foram injetadas pela veia
caudal em camundongos Kit” com 4 semanas de idade. Animais controle receberam somente
200 mL de DMEM.

3.4. Grupos experimentais

A resposta inicial dos mastocitos, ao estimulo do MNNG, foi avaliada em camundongos
Balb/C AnxAl1** e AnxAl™ (n=5/grupos). Esses animais receberam o carcindgeno e foram
submetidos a eutanasia para analises especificas apos 8, 24 e 48 horas. O esquema a seguir

ilustra a descricdo dos grupos de estudo:

Balb/C AnxA1l-

WT Balb/C g
deficiente
(AnxAl +/+) (AnxAL -/-)
| |
0.1 ml PBS, i.r. MNNG (Sigma-Aldrich)
(veiculo) (20 mg/kg peso corporal, i.r.,

n=5 diluido em 0.1 ml de PBS)

8h 24h 48h
apos inducéo apos inducéo apos inducéo

n=5 n=5 n=5

O envolvimento dos mastocitos no desenvolvimento de tumores colorretais foi

+/+

observado nos camundongos C57BL/6 Kit"*, Kit” e Kit"+MC (n=5/grupos). Estes receberam
instilagdes intrarretais de 0,1 mL de solucdo de MNNG (5mg/mL), 2 vezes por semana, durante

2 semanas, totalizando 4 instilagbes, a 3 cm da margem anal, utilizando uma sonda metélica de
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5 cm. Os animais controle receberam instilagdes intrarretais de PBS. Apds 24 semanas do

término das instilacBes, os animais foram submetidos a eutanésia para realizacdo das analises.

WT WBB6 WBB6F 1-KitW/KitW-v
(Kit+/+) (Kit-/-)
MC-competente MC-deficiente

Transplante de células
medulares WB/B6 para

reconstituicdo de MC (2x107 ZO?VL;IECEE]EM
cells , i.v, DMEM ressuspenso)
(Kit-/- + MC)
I I
MNNG {Sigma-Aldrich]_ 0.1ml PBS, i.r.
(20 mg/kg peso corporal, i.r., (veiculo)
diluido em 0.1 ml de PBS) =5

n=5

3.5. Analises histopatologicas

Fragmentos coldnicos foram abertos longitudinalmente, o mais proximo possivel da
borda mesentérica, em toda sua extensdo. Apds macrodisseccao, o colon distal foi fixado em
formol tamponado a 10%, por 24horas, lavado em agua corrente, desidratado em etanol e
incluido em parafina. Cortes de 4 um foram obtidos e os fragmentos corados com
Hematoxilina-Eosina para avaliacdo histopatoldgica e Azul de Toluidina a 0,5 % para anélise
dos mastocitos. Cortes longitudinais seriados dos segmentos colénicos foram utilizados para
identificacdo e quantificacdo dos mastocitos, com base em suas caracteristicas morfologicas
(intactos e desgranulados). A analise foi realizada no microscopio ZEISS, AXIOSKOP 2, do
Laboratorio de Imunomorfologia, IBILCE-UNESP, S&o José do Rio Preto, SP. As areas de
cada tecido foram obtidas com o auxilio do software analisador de imagem AXxiovision
(ZEISS). Os dados foram expressos como média + desvio padrdo (D.P.) do numero de

mastécitos por mm?.

3.6. Analises imuno-histoquimicas

Outros segmentos coldnicos, também incluidos em parafina, cortados serialmente,
mantendo a orientagéo transversal original para fornecer seccgdes circulares, foram usados para
as reacdes de imuno-histoquimica. As sec¢des foram processadas conforme descrito por Femia

e colaboradores (2008). Para a analise da expressdo de AnxAl, PCNA (proliferacdo celular),
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caspase-3 (apoptose), triptase e quimase o método biotina estreptoavidina foi realizado,
utilizando anticorpos primarios como descrito previamente. Para os controles negativos, o
anticorpo primario foi excluido. A coloracdo imuno-histoquimica foi realizada utilizando o
método de deteccdo avidina-biotina do Kit de Detecgdo Universal Novostain (Novocastra
Laboratories, Newcastle, UK) com algumas modificacdes, seguido de reacdo com 3-3
tetrahidrocloreto diaminobenzidina (DAB) (Sigma-Aldrich Inc.). Os fragmentos foram
contracorados com hematoxilina. A reacdo positiva foi mostrada como um precipitado marrom
claro-marrom-escuro no nucleo, membrana, citoplasma e/ou perindcleo para células. As
analises densitométricas da AnxAl foram realizadas com auxilio do software Axiovision. Para
isso, foram mensurados 15 pontos de 3 laminas diferentes do célon de cada animal para
obtencdo de uma meédia relacionada com a intensidade da imunomarcacao. Os valores foram
obtidos como unidades arbitrarias O indice de marcacdo de PCNA (iPCNA) e caspase-3
(iCaspase-3) foi expresso como razdo de células corados por ndcleos totais contados em 100
criptas. Para triptase e quimase, as células positivas foram quantificadas e os resultados

expressos como numero de células positivas por area observada no colon.

3.7. Ensaios Multiplex para andlise de citocinas e outros mediadores farmacol6gicos

A fim de quantificar as citocinas produzidas no colon dos animais utilizamos o kit
Millipore MILLIPLEX MAP MCYTOMAG 70K no instrumento LUMINEX xMAP MAGPIX
(Millipore Corporation, Billerica, MA, USA) para a deteccdo multiplex quantitativa de
maltiplos analitos, por meio de esferas magnéticas. As amostras foram homogeneizadas em
solucdo salina tamponada (10% peso/volume) na presenca de inibidores de proteases (Pierce) e
centrifugadas a 4°C, por 15 min, a 12000g. O sobrenadante foi retirado, centrifugado,
aliquotado e mantido a -20°C até 0 momento do uso. As esferas magnéticas, solugcdes controles,
tampdo de lavagem, soro matriz e padrdes foram preparados e homogeneizados conforme as
instrugcdes descritas nos Kkits. Inicialmente, foram adicionados 25 plL dos padroes, solugdes
controles e amostras na placa magnética de 96 pocos, lavada previamente com o tampéo de
lavagem. Em seguida, 25 uL. de tampéao de ensaio foram adicionados as amostras, 25 uL do
soro matriz aos padrdes e 25 uL de beads magneticas revestidas com anticorpos especificos em
todos 0s pocos (controles, padrdes e amostras). A placa foi revestida com um selante proprio e
incubada overnight a 4°C, sob agitagcdo. No dia seguinte, sempre sob agitacdo, a placa foi
lavada duas vezes com 200 pL de tampao de lavagem e, incubada com 25 pL de anticorpo de
deteccdo ligado a biotina a temperatura ambiente, por uma hora. Para completar a reacdo, 25
uL de ficoeritrina conjugada a estreptavidina foi adicionada e incubada por 30 minutos,

protegida da luz & temperatura ambiente. A placa foi lavada duas vezes e incubada com 150 pL
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do fluido do dispositivo por cinco minutos a temperatura ambiente. Em seguida, a leitura da
placa foi realizada pelo equipamento LUMINEX xMAP MAGPIX.

A concentracdo dos analitos foi determinada pelo software MAGPIX XxPONENT
(Millipore Corporation, Billerica, MA, USA). Os ensaios foram realizados em triplicata para os
seguintes analitos: interleucinas 13 (IL-1B), 4 (IL-4), 6 (IL-6), 10 (IL-10), fator de necrose
tumoral (TNFa) e interferon gama (IFN-y).

3.8. Analises estatisticas

Os dados foram demonstrados como média + desvio padrdo das médias. Quando
atestada a distribuicdo normal dos dados pelo teste de normalidade de Shapiro-Wilk as
diferencas estatisticas foram comparadas pelo teste de Andlise de Variancia (ANOVA), e, se
significativas, seguidas pelo teste de Bonferroni. Quando a distribuicdo normal esteve ausente
em algum dos grupos, o teste ndo paramétrico de Kruskal-Wallis, seguido pelo pos-teste de
Dunns foi empregado. Os valores de P menores que 0,05 (5%) foram considerados
estatisticamente significantes. As analises estatisticas e os graficos foram feitas usando o

programa GraphPad Prism, versdo 5.0 (GraphPad Software, San Diego, CA, USA).



4. RESULTADOS
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4.1. MNNG induz a expressao da AnxAl endogena nas células epiteliais coldnicas

Inicialmente, em condig¢des normais, a AnxAl foi fracamente detectada na membrana
apical das células epiteliais colénicas, que compde a por¢do secretora das glandulas tubulares
(Figura 4A). Entretanto, logo apos 8 horas da instilagdo com MNNG, o aumento significante da
expressdo de AnxAl foi observado (Figura 4B). Apds 24 horas, a imunorreatividade para
AnxAl foi mais evidente (Figura 4C) e sua intensidade foi reduzida 48 horas depois (Figura
4D). Né&o foi observada imunorreatividade nas sec¢des incubadas com 10% TBS-BSA (Figura
4E). Diferencas entre os grupos foram quantificadas pela medida de densidade 6ptica média
(DOM) (Figura 4F).

4.2. A AnxAl endoégena reduz os danos do célon induzidos por MNNG e evita a producao de
citocinas pro-inflamatérias

No célon dos camundongos AnxAl” foi observada leve inflamac&o transmural, mesmo
em seccdes de colon do grupo veiculo (Figura 5B), quando comparado ao grupo AnxAl1*”
(Figura 5A). A deficiéncia de AnxAl também foi associada com a produgdo aumentada das
citocinas pré-inflamatorias I1L-1, 1L-6 e IL-12 e com niveis reduzidos de IL-4 (Figura 5I-N).
Apesar do forte desequilibrio promovido pelo MNNG no microambiente do célon, ndo foram
observadas diferencas nos niveis de citocinas entre as linhagens em 8 horas apés a instilacdo do
carcindgeno. O aumento da morte de células epiteliais e influxo de células inflamatérias foram
também observados neste tempo experimental (Figura 5C e D).

Apbs 24 horas da exposicdo ao carcin6geno, o edema e a hiperemia do célon foram
evidentes (Figura 5E), com maior gravidade nos animais AnxAl” (Figura 5F) e maior

+/+

concentragédo de IL-1, IL-6, IL-12, TNF-o e IFN-y, em comparagdo com os AnxAl™" (Figura
51-M). Finalmente, 48 horas ap0és a instilagdo do MNNG (Figura 5G-H), foi verificada intensa
degeneracdo hidropica vacuolar, perda de criptas inteiras e do epitélio superficial, além da
diminuigdo significativa das células caliciformes, edema submucoso e infiltrado macico de

leucocitos na mucosa, com expressao aumentada de I1L-1, TNF-a e IFN-y (Figura 51, L e M).

4.3. Modulagdo do recrutamento de mastdcitos, ativacdo e diferenciacdo pela AnxAl em
resposta ao MNNG

Os mastdcitos totais e desgranulados foram identificados pela coloragdo com azul de
toluidina (Figura 6A-D). Em todas as condigdes avaliadas, o nimero de mastocitos foi

+/+

aumentado nos camundongos AnxAl” em comparacdo aos AnxAl** (Figura 6E). Aumento
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significativo no nimero de mastécitos desgranulados foi observado nos animais AnxAl” apés
8 horas da instilacio de MNNG (Figura 6F). No grupo veiculo de ambas as linhagens
(AnxA1"" e AnxA17), a imunomarcacdo para triptase foi observada, diferentemente da baixa
marcagdo para quimase (Figura 6F). Em 24 e 48 horas apds a indugdo por MNNG, intensidade
elevada destas proteases foi verificada, permitindo a quantificacdo de mastdcitos triptase e
quimase positivos em ambas as linhagens de camundongos (Figura 6P e Q, respectivamente).
Por outro lado, foi encontrado menor nimero de mastocitos quimase positivos em animais
AnxA1™.

4.4. Susceptibilidade reduzida a formacdo de pdlipos adenomatosos induzidos por MNNG
nos camundongos deficientes de mastécitos (Kit")
A administragdo intrarretal de MNNG resultou, apds 24 semanas, em numero

+/+

aumentado de pdlipos tumorais no c6lon dos camundongos selvagens (Kit™") e menor tumores
nos camundongos deficientes de mastécitos (Kit™) (Figura 7A e B). Os camundongos
reconstituidos com mastocitos (Kit”+MC) exibiram um nimero semelhante de tumores em
relacéo ao fendtipo selvagem (Figura 7A-B). O peso corporal foi reduzido em Kit"* MNNG,
em compara¢do com o respectivo grupo veiculo (p <0,0001, Figura 7C).

+/+

As seccdes de cdlon do grupo controle, Kit™" Veiculo, apresentaram arquitetura normal das
criptas (Figura 7D) e ndo foram observadas diferencas histoldgicas significativas em
comparacdo com veiculo do grupo Kit” Veiculo (Figura 7E) ou Kit"+MC Veiculo (Figura 7F).
Adenomas pedunculados benignos foram verificados na analise histopatoldgica dos tumores. A
maioria deles era composta de estruturas tubulares revestidas por epitélio displasico com uma
dréstica reducdo no numero de células caliciformes. No entanto, alguns p6lipos adenomatosos
exibiram alto grau de displasia e adenocarcinomas intra-epiteliais, conforme observado na
figura7Ge I

O numero de mastécitos foi observado aumentado nos animais que desenvolveram

+/+

tumores, Kit”* e Kit"+MC quando comparados com os respectivos grupos veiculos (Figura
8E). Como esperado, 0s mastdcitos estavam ausentes nos camundongos Kit”. Seccdes
histoldgicas sequenciais obtidas para imuno-histoquimica foram coradas com azul de toluidina
para confirmar que as células imunomarcadas eram mastocitos. Nos grupos Veiculo (Figura
8F-H e L-N), verificou-se mastdcitos triptase positivos, contudo com baixa expressdo de
quimase. Por outro lado, a maioria dos mastdcitos encontrados nos adenomas expressavam

fortemente a triptase e a quimase (Figura 81-K e O-P).
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4.5. Aumento da proliferagdo de células epiteliais do colon apds exposicdo MNNG e
imunorregulacdo do microambiente tumoral associada aos mastocitos
A expressdo epitelial reduzida de AnxAl foi encontrada em Kit” quando comparada

+/+

com Kit"* e Kit"+MC (Figura 9A-F). Nestes camundongos, que apresentam mastdcitos e que
desenvolvem tumores, também foi verificada uma producdo reduzida de citocinas pro-
inflamatodrias (IL-1, IL-6, IL-12, IFN-y e TNF-a) (Figura 91-M) e a expressdo aumentada de IL-
4 (Figura 5F).

A proliferacdo e apoptose das células epiteliais do c6lon foram analisadas por imuno-
histoquimica para PCNA e Caspase-3, respectivamente (Figura 10A-C e F-H). Aumento
significativo do nimero de células epiteliais positivas para PCNA em camundongos Kit"" e
Kit"+MC expostos a0 MNNG foi observado em comparagdo aos respectivos grupos Veiculos
(p <0,001) (Figura 10E). No entanto, essa diferenca ndo foi observada entre os grupos Kit”
MNNG e Veiculo (Figura 10E). Nao houve, também, diferencas significativas para as células
Caspase-3 positivas entre os camundongos Kit™*, Kit” e Kit"+MC ap6s a administracio de
MNNG, em relacédo aos respectivos grupos Veiculo (p <0,001) (Figura 10J). A especificidade

de imunomarcagdo foi confirmada pelo controle da reacéo (Figura 10D e I).
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Figura 4. MNNG induz a expressdo de AnxAl no cdlon murino. Imunomarcagdo para AnxAl no epitélio do
c6lon do grupo Balb/C Veiculo (A) e 8 (B), 24 (C) e 48 (D) horas apds a exposi¢do ao MNNG. Controle negativo
da reacéo (E). Intensa imunorreatividade para AnxAl foi observada em 24 horas ap6s a exposi¢cdo ao MNNG.
Secgoes: 2 um. Barras: 10 pm. Contracoloragdo: Hematoxilina. F) Densitometria optica média (DOM): AnxAl.
Média = DP. ### p <0,001 vs grupo Veiculo, 888 p < 0.001 vs 8 h; # p < 0.001 vs 24 h.
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Figura 5. Histopatologia do colon distal e analise de citocinas em camundongos deficientes de AnxAl
(AnxA1™") apés inducdo aguda ao MNNG. (A e B) Morfologia intestinal controle (C-H) Histoarquitetura
alterada do cdlon apos a instilacdo do MNNG. Presenga de infiltrado inflamatdrio na mucosa intestinal, células

necroticas, criptas displasicas e degeneracdo hidrépica vacuolar. As lesdes teciduais foram observadas ap6s 24h
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em camundongos AnxA1™ (F) e 48h em AnxA1** (G). Secgdes: 2 um. Coloracéo: Hematoxilina-Eosina. Barras:

50 pm.
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Figura 5 (continuagdo). Expresséo das citocinas IL-1, (J) IL-6, (K) IL-12p40, (L) TNF-a, (M) IFN-y e (N) IL- 4
no célon proximal de camundongos AnxA1** e AnxAl1” ap6s 8, 24 e 48 horas da exposicdo a0 MNNG. Média +
DP. n = 5 animais/grupo. *** p <0,001 vs grupo AnxAl"" respectivo, ### p <0,001 vs grupo Veiculo, §§8§ p <
0.001 vs 8 h; # p < 0.001 vs 24 h.
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Figura 6. AnxAl modula os efeitos agudos do MNNG sobre o recrutamento, diferenciacio e a ativacdo de
mastdcitos. Mastocitos metacromaticos (setas) no célon distal do grupos Veiculo (A-B) e grupos induzidos por
MNNG (C-D). (E e F) Quantificacio de mastécitos (MC) totais e desgranulados em AnxA1”" e AnxAl”". Média
+ DP. *** p <0,001 vs respectivo grupo Veiculo. Avaliacdo imuno-histoquimica das proteases dos mastécitos nos
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camundongos AnxA1™* (G-L) e AnxAl” (M-0). Mastécitos triptase positivos (setas) com baixa expresséo de
quimase (cabecas de seta) no grupo Veiculo (H-1). Mastdcitos positivos para triptase/quimase (setas) 8 horas apos
a indugdo com MNNG (K-L e N-O). Secgdes: 2 um. Coloragdo: Azul de Toluidina (A-D, G, J e M); Contra-
coloragdo: Hematoxilina (H, I, K, L, N e O). Barras: 50 um (A-D); 20 um (G-O). Quantificacdo de mastdcitos
(MC) triptase (P) e quimase (Q) positivos no colon distal nos animais veiculo e em 8, 24 e 48 horas apés a indugdo
com MNNG. Média + SD. *** p <0,001 vs respectivo grupo veiculo, ### p <0,001 vs grupo Veiculo, 888 p <

0.001 vs 8 h; # p < 0.001 vs 24 h.
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Figura 7. Altera¢des morfofisioldgicas induzidas por MNNG em camundongos deficientes em mastdcitos
(Kit"). (A) Célon distal representativo de Kit™, Kit" e Kit"+MC apés 24 semanas de inducdo com PBS
(Veiculo) e carcindgeno (MNNG); (B) volume tumoral e (C) diferenga de peso corporal de camundongos ap6s o
mesmo perfodo. Média + DP de n = 5 animais/grupo. ### p <0,001 vs Kit"™ grupo MNNG; P <0,001 vs Kit”
grupo MNNG; *** p <0,001 vs respectivo grupo veiculo. Fotomicrografias representativas do coélon de
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camundongos veiculos (D-F), formacio de adenomas em Kit"* e Kit"+MC (G e 1) e infiltrado inflamatério na
mucosa coldnica de Kit” camundongos (H). Células caliciformes praticamente ausentes das criptas que formam os

adenomas (G e I). Secgdes: 2 um. Coloragdo: Hematoxilina-Eosina. Barra: 50 um (D-I).
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Figura 8. Avaliacdo quantitativa e fenotipica de mastécitos apés inducdo tumoral por MNNG. Mastocitos
metacromaticos (setas) no colon distal dos animais induzidos por Veiculo (A-B) e MNNG (C-D). Quantificacdo de
mastdcitos totais (E) e ativados (F) (Média + DP. *** p <0,001 em relacdo ao respectivo grupo Veiculo).
Imunohistoquimica para proteases no célon dos camundongos Kit™ (G, H, K e L) e Kit"” MC (I, J, M e N). A
baixa expressdo de quimase (cabecas de seta) foi observada em mastocitos na condi¢do Veiculo (H e L).
Mastdcitos quimase positivos (setas) observados apds instilagdes com MNNG (J e N). Para confirmar as mesmas
células observadas no tecido imunomarcado, sec¢des seriadas foram coradas com Azul de Toluidina (G, I, K e M).
Secgdes: 2 um. Barras: 50 pm (A-D) e 20 um (G-N). Quantificacdo de mastdcitos triptase (O) e quimase (P)
positivos no célon distal nas condi¢fes Veiculo e apds inducdo com MNNG. Média + DP. *** p <0,001 vs

respectivo grupo Veiculo.
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Figura 9. Expressao de AnxALl e citocinas no c6lon de camundongos deficientes em mastocitos ap6s indugédo
por MNNG. Imunomarcacdo de AnxAl no epitélio no grupo Veiculo (A-C) e apds 24 semanas da exposi¢ao ao
MNNG (D-E). Camundongos com mastécitos (Kit"*), deficientes (Kit") e reconstituidos (Kit"+MC) foram
avaliados em ambas as condi¢fes. Controle negativo da reacdo (E). Expressdo intensa de AnxAl observada no
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tecido afetado por MNNG nos animais Kit"* e Kit"+MC. Sec¢des: 2 pm. Barras: 30 pm. Contracoloragio:
Hematoxilina. H) Densitometria éptica média (DOM): AnxAl. Média = DP. *** p <0,001 vs grupo Veiculo. ### p
<0,001 vs respectivo grupo Kit™. 11 p <0,001 vs respectivo grupo Kit”. Expressdo de IL-1 (1), IL-6 (J), IL-12
(K), IFN-y (L) TNF-o (M) e IL-4 (N) no c6lon proximal de Kit™, Kit" e Kit"+MC apés a exposicio a0 MNNG.

Média + DP de n = 5 animais/grupo. *** p <0,001 vs respectivo grupo Veiculo.
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Figura 10. Proliferacdo e apoptose de células epiteliais colénicas induzida por MNNG na presenca de
mastdcitos. Imunorreatividade do antigeno nuclear de proliferagdo celular (PCNA) e Caspase-3 no célon distal
dos Kit™ (A e F), Kit" (B e G) e Kit"+MC (C e H), respectivamente. Controle negativo do ensaio (D e I).
Secgdes: 2 um. Contra-coloragio: Hematoxilina. Barras: 50 um. (E e J) Indice relativo de células PCNA e

Caspase-3 positivas em criptas coldnicas, respectivamente. Média £ DP. *** p <0,001 vs respectivo grupo
Veiculo.
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Nas ultimas décadas emergiu novamente a énfase sobre a associacdo entre inflamacao e
cancer (COLOTTA et al.,, 2009). Os papeis opostos da inflamacdo, nas fases inicias em
contraposicdo as fases tardias do desenvolvimento tumoral, sdo suportados por evidéncias
clinicas e experimentais (MANTOVANI et al., 2008). De fato, a tumorigénese ¢ modulada
pelas células estromais, sobretudo células imunes como os mastocitos, que participam das
alteracbes no microambiente em formagdo e que podem propiciar ou comprometer o
desenvolvimento tumoral (QUAIL; JOYCE, 2013). No presente trabalho, utilizamos o modelo
murino de carcinogénese de cdlon, induzida pelo carcindgeno MNNG, para investigar as
relacdes entre a proteina AnxAl e a atividade dos mastocitos nos estagios iniciais e avangcados
do processo oncogénico. Nossos resultados indicam que a AnxAl participa da manutencéo da
organizacdo do epitélio em resposta ao dano decorrente da exposicdo ao MNNG. Além disso,
essa proteina regula o recrutamento, a ativacéo e a diferenciacdo dos mastdcitos, evidenciando
um papel importante na regulacao da progressao tumoral.

A participacdo da AnxAl nos processos tumorigénicos é controversa. Embora alguns
estudos mostrem que ela modula a proliferacéo celular (BABBIN et al., 2008), sua associacéo
no desenvolvimento da metastase, em alguns tumores, sugere que essa proteina regula o
processo de migragdo/invasdo celular (ALLDRIDGE; BRYANT, 2003; WANG et al., 2004).
Similarmente, a baixa expressdo de AnxAl em linhagens de células tumorais as torna
resistentes a apoptose apds inducdo por agentes quimioterapicos (WANG et al., 2004; YU et
al., 2014), sugerindo essa proteina como um biomarcador no prognastico do cancer.

No CCR, a AnxAl € aumentada, com expressdo mais intensa nos estagios pouco
diferenciados em comparacdo com tumores em avanc¢ado estagio de diferenciacdo (XUE et al.,
2007). Além disso, a AnxAl é altamente expressa nas doencas gastrointestinais, como Ulceras
géstricas e colites, e favorece a resolugdo da inflamacéo local e da regeneracédo tecidual (DE
PAULA-SILVA et al., 2016; MARTIN et al., 2008).

Nesse sentido, nossos dados mostram que ocorre a expressdao aumentada da AnxAl no
microambiente intestinal apds a exposi¢do aguda ao carcindgeno e, também, nos camundongos
Kit"* e Kit"+MC que desenvolveram tumores. Uma vez que o gene ANXAL é induzido por
estimulos inflamatérios (VO; FLOWER; D’ACQUISTO, 2006) e, também, por p53 em
resposta a hipdxia no microambiente tumoral (LIU et al., 2007), 0 aumento da expressao da
AnxALl no colon pode estar relacionado aos mecanismos de reparo e eliminacdo de celulas

aberrantes.



Discussao — 56

Precocemente na carcinogénese, a ativacdo do fator de transcricdo nuclear NF-xB dos
leucécitos inflamatorios residentes em sitios pré-neoplasicos, assim como 0s mastdcitos,
exacerba a inflamacgéo local com o aumento da expressao de TNF-a, IL-1, IL-12 e expressdo
reduzida de IL-4. Assim, foi observado que a instilagdo do carcindgeno MNNG promove o
dano do epitélio intestinal e recrutamento de células inflamatorias, acdo exacerbada na auséncia
de AnxAl. Também foi verificado que, mesmo em condicdes controle, que a deficiéncia dessa
proteina anti-inflamatdria resulta num cenario imunoldgico desbalanceado, com expressao
aumentada de citocinas pro-inflamatérias e reducdo de IL-4. A expressdo reduzida dessa
citocina pode estar associada ao desenvolvimento de doencas intestinais cronicas (BAMIAS;
ARSENEAU; COMINELLLI, 2014).

A AnxAl é conhecida como um indutor da expressdo de IL-4 em condi¢bes
inflamatorias (GIMENES et al., 2015). Essa citocina tem um papel importante na regulacdo da
tolerancia periférica intestinal e sua deficiéncia € diretamente associada & Doenga de Chron e
Doenca Inflamatéria Intestinal (CONNELLY et al., 2014; TOPTYGINA et al., 2014). Na
literatura, ha relatos de que a proteina AnxALl tem sua expressdo induzida por citocinas pro-
inflamatorias de fase aguda, especialmente, IL-6 € TNF-a (YANG et al., 2009), amplamente
associadas a retocolite ulcerativa (WANG et al., 2009). Além disso, a deficiéncia de AnxAl
condiciona o numero reduzido de células inflamatorias, principalmente neutréfilos e
macrofagos, capazes de expressar I1L-1, IL-2 e IL-12 em condic¢Bes de inflamacgdo intestinal
(GAO et al., 2015; LU et al., 2014). Desse modo a AnxAl, é apontada como importante
regulador da homeostase intestinal.

A exposicdo ao carcinégeno promoveu um disturbio intenso do microambiente
intestinal, de maneira que horas depois do estimulo lesivo ndo foram observadas diferencas na

+/+

expressio de citocinas nas linhagens animais AnxA1** e AnxA1™. Em concentracdes acima de
100uM, o MNNG é tdéxico, compromete as fungdes celulares e é capaz de provocar lesdo da
membrana celular e, consequentemente, necrose (WESIERSKA-GADEK; GUEORGUIEVA;
WOJCIECHOWSKI, 2003). As células necroticas fornecem forte estimulagdo ao sistema
imune, promovendo o recrutamento de novas células, ativagdo das mesmas e das células
residentes (BARTHOLOMAE et al., 2004; KOTERA; SHIMIZU; MULE, 2001).

A presenca de mastocitos e seu estado de ativagdo foi verificada nas criptas coldnicas
dos animais expostos a0 MNNG, com aumento do numero de mastdcitos totais e
desgranulados, sobretudo nos animais com deficiéncia de AnxAl. Nosso grupo de pesquisa foi
o responsavel por identificar, pela primeira vez na literatura, a expressdo de AnxAl nos
mastocitos (OLIANI et al., 2000), inclusive demonstrando sua co-localiza¢cdo com o receptor

FPR2 na membrana dessas células (GASTARDELDO et al., 2014). A associacdo AnxAl-FPR2 é
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sugerida como capaz de mediar as fung¢@es reguladoras da AnxAl sobre 0s mastdcitos, como o
controle da ativacéo celular (KAMAL; FLOWER; PERRETTI, 2005).

Os mastdcitos sdo células imunes fundamentais para o desenvolvimento do CCR
(BLIRANDO et al., 2011; HAMILTON et al., 2011; TANAKA; ISHIKAWA, 2013b;
WEDEMEYER; GALLI, 2005b) que também expressam grandes quantidades de AnxAl (DA
SILVA; GIROL; OLIANI, 2011; KAMAL; FLOWER; PERRETT]I, 2005). Os mastocitos sdo
derivados de progenitores derivados da medula 6ssea que transmigram para a circulacdo para
alcancarem, respectivamente a circulagdo sanguinea e os tecidos, onde completam a sua
maturacdo ((DAHLIN; HALLGREN, 2015). Progenitores de mastocitos expressam as
integrinas o4/B1 e a4/B7, que se ligam aos receptores no endotélio ativado ou células da
mucosa na transmigracdo no intestino (RIBATTI, 2015). O fator de crescimento de células-
tronco (SCF) produzido por fibroblastos, células estromais e endoteliais é o principal mediador
na sobrevivéncia, ativacdo e circulagdo de progenitores de mastocitos, mas IL-4, 1L-9, IL-10,
fator de crescimento transformante (TGF-B) e o fator de crescimento de nervos (NGF) atuam
em sinergia com o SCF (RIBATTI, 2015). N6s supomos que a AnxAl pode controlar
diretamente as vias de transmigracdo e locomocao dos progenitores de mastdcitos, uma vez que
a AnxAl enddgena modula o trafego de granuldcitos da medula dssea para 0 sangue e 0S
tecidos inflamados (MACHADO et al., 2016; PERRETTI; D’ACQUISTO, 2009) ou,
indiretamente, reduzindo a liberacdo de mediadores envolvidos na transmigracdo e quimiotaxia
(SUGIMOTO et al., 2016). De fato, observamos niveis reduzidos de interleucinas envolvidas
na adeséo celular nos vasos, como a IL-1§ and IL-6, na inflamacdo provocada pelo MNNG.

Embora né&o se conhega o mecanismo pelo qual a AnxAl possa modular a migragéo e
desgranulacdo dos mastdcitos, algumas vias especialmente ativas nessas células sdo
relacionadas a essa proteina. Por exemplo, a AnxAl estimula in vivo a via Tyk2/Stat3
(MASCHLER et al., 2010), importante para a transcricdo para 0 gene da quimase em
mastocitos humanos (hCMAL). Nesse sentido, foi observado um ndmero aumentado de
mastocitos quimase positivos no célon dos animais deficientes de AnxAl expostos a0 MNNG e
no microambiente tumoral rico em AnxAl, sugerindo um papel regulador dessa protease. Este
efeito pode ser mediado por receptores para peptideos formilados (FPRs), que pertencem a
familia de receptores acoplados a proteina G, resultando na ativacdo de STAT3 (LI et al.,
2011). Nesse sentido, um numero aumentado de mastdcitos quimase-positivos foi também
observado em biopsias de endometriose ectdpica, correlacionado com a alta expressao de
AnxA1 co-localizada com o receptor FPR1 em células glandulares (PAULA-JUNIOR et al.,

2015). Estas funcdes sdo relevantes, sobretudo no cenario inflamatério inicial apos exposicéo



Discussao — 58

ao carcindgeno onde 0s mastocitos parecem desempenhar um papel-chave na promogao
tumoral.

Nossos dados mostram que 0s mastdcitos estdo relacionados ao aumento da
susceptibilidade do desenvolvimento tumoral induzido pelo MNNG quando comparado aos Kit’
" Como esperado, a reconstituicio dos Kit”" com mastécitos derivados da medula éssea
resultou na incidéncia aumentada de tumores. Resultados semelhantes foram observados
quando foi utilizado 1,2-dimetilhidrazina (DMH) or azoximetano (AOM) para induzir tumores
colorretais (RIGONI et al., 2015; WEDEMEYER; GALLI, 2005a). Consequentemente, n0Ss0s
resultados suportam a hipdtese de que o0s mastdcitos contribuem para o
desenvolvimento/crescimento tumoral.

O ndmero de mastdcitos totais e ativados também foi verificado aumentado no colon
dos animais que desenvolveram tumores. Essas células apresentam importantes fungdes tanto
na fase aguda quanto na fase de remodelacéo de lesdes (LEE et al., 2013). No processo de
desgranulacdo, a liberacdo de triptase e/ou quimase para 0 meio extracelular contribui na
degradacdo da matriz, promoc¢do da angiogénese e remodelacdo tecidual por meio de
protedlises seletivas na matriz e ativacdo de metaloproteinases (PANSRIKAEW et al., 2010;
SIMIONESCU et al., 2013). Estes processos estdo intimamente ligados a tumorigénese e a
quimase, especificamente, tem sido apontada como um dos mais potentes indutores da
producdo de angiotensina 2 no organismo (MIYAZAKI et al., 2006), que somada a producdo
intensa de VEGF, pode contribuir para a angiogénese associada as células pro-tumorais
originadas pelo dano carcinogénico.

O microambiente estabelecido apds a indugdo crénica com MNNG demonstra que 0s
mastocitos contribuem para a formacdo dos tumores, pela imunorregulacdo da resposta anti-
tumoral e possivelmente associada a expressdo aumentada de AnxAl. O MNNG é alquilante
direto do DNA (WESIERSKA-GADEK; GUEORGUIEVA; WOJCIECHOWSKI, 2003) que
resulta em transicdes G:C para A:T ap06s a replicacdo do DNA que ndo podem ser corrigidas
pelo sistema de reparo de bases mal pareadas (MMR - do inglés mismatch repair) (YORK;
MODRICH, 2006). Desse modo, 0 MNNG induz quebras no DNA, o arraste do ciclo celular, e
focos nucleares persistentes nos sitios de dano no DNA (STOJIC et al., 2004). A instilacdo
intrarretal de MNNG é um método confidvel e eficiente de induzir tumores seletivamente na
area do colon exposta ao carcindgeno (CHE et al., 2010). Assim, nds demonstramos que esse
efeito depende dos mastdcitos constitutivos, sendo que o desenvolvimento de tumores foi
acentuadamente reduzido nos camundongos deficientes para ambas as cépias do Kit (Kit™), em
que resulta na auséncia de mastocitos (KITAMURA; GO; HATANAKA, 1978).
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Também destacamos que a expressdo da AnxAl no microambiente durante a fase tardia
do crescimento tumoral € modulada pelos mastdcitos, pois a maior expressdo dessa proteina foi

+/+

detectada nos camundongos Kit™* e nos Kit’" reconstituidos (Kit"+MC), em comparagdo com
os animais Kit”. Juntos, esses dados mostram a interacdo entre os mastécitos e as células
epiteliais durante o desenvolvimento do CCR para promover a expressdao da AnxAl,
principalmente, pelas células epiteliais. Como mencionado, 0s niveis da AnxAl sdo um
indicados de mal progndstico nos tumores (ONOZAWA et al., 2017; Y1; SCHNITZER, 2009)
Além disso, foi verificada a maior propor¢do de células PCNA positivas e, também, a

+/+

expressdo aumentada de AnxAl no célon dos animais Kit"* e Kit”+MC. Assim, a acdo dos
mastocitos nesse modelo parece ser fundamental para a proliferacdo de células epiteliais que
resulta na formacdo de tumores. Nesse mesmo sentido, outros autores demonstram que a
proteina AnxAl ¢ capaz de regular a proliferacdo das células epiteliais intestinais (BABBIN et
al., 2008). Modelos experimentais e estudos in vitro indicam que a ANXAL imobiliza o0 NF-xB
impedindo sua translocacdo para o nucleo, a ativacdo da transcricdo subsequente (ZHANG et
al., 2010) e pode retardar a malignizacdo dos tumores de célon (CALON et al., 2012). Esses
efeitos anti-tumorais diretos, bem como sua influéncia sobre a atividade e fenotipo dos
mastocitos, apontam para a AnxAl como um importante alvo terapéutico no CCR.
Considerando as possibilidades ja existentes de impedir a ativacdo dos mastocitos
(SOUCEK et al., 2011) e a inibicdo seletiva de alguns mediadores importantes, como a
quimase (SCHLATTER et al., 2012), a caracterizacdo da AnxAl como um possivel mediador
envolvido na regulacdo da diferenciacdo das subpopulacdes de mastocitos pode aprimorar a

intervencdo terapéutica anti-tumoral para o CCR.
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Os resultados obtidos, nas condi¢bes de inducdo pelo carcinogeno MNNG no colon,

permitem concluir que:

1. O dano tecidual agudo induz o aumento da producdo de AnxAl enddgena no célon;

2. A AnxAl contribui para a manutencdo da morfologia e homeostasia intestinal,
regulando a producdo de IL-4 e o infiltrado celular, inibindo a producdo das citocinas pro-
inflamatorias IL-1, IL-6, IL-12, TNF-a e IFN-y e o dano tecidual, sobretudo 24 horas apds a

eXposi¢do ao composto;

3. O carcinégeno promove recrutamento, ativacao e diferenciacdo dos mastocitos triptase e
quimase positivos na exposicao inicial ao carcindgeno e no estabelecimento dos tumores em 24

Semanas,

4. Os efeitos do MNNG sobre os mastocitos sdo modulados pela AnxAl, que inibe o
recrutamento e a desgranulacdo dessas células nos estagios iniciais da carcinogénese e

diferenciam os mastocitos para expressao aumentada de quimase;

5. Os mastdcitos contribuem para a expressdo de AnxAl no microambiente tumoral

estabelecido apds 24 semanas da inducdo do composto;

6. Os mastocitos afetam a susceptibilidade a carcinogénese, dados confirmados pelo
menor volume tumoral e morfofisiologia preservada nos animais deficientes de mastocitos
(Kit");

7. Os mastocitos, conforme observado na condicdo cronica, estimulam o estabelecimento
de um ambiente imunossupressor, rico em AnxAl, com aumento de IL-4 e baixa expressao das
citocinas pro-inflamatdrias. Ainda, contribuem para a proliferagdo aumentada de células

epiteliais colbnicas, resultando na tumorigénese colorretal;

Associadas, nossas conclusdes fornecem subsidios para o entendimento de que a
proteina AnxAl enddgena esta envolvida nas alterages do colon apds a exposicdo ao MNNG,
modulando o recrutamento, a ativacédo e a diferenciacdo dos mastocitos, eventos que estimulam
a tumorigénese no colon. No entanto, estudos adicionais sdo necessarios para elucidar o papel

especifico destas células e seus mediadores na progressdo do cancer colorretal.
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Apéndice 1: Artigo cientifico submetido para publicagdo contendo o0s resultados
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ABSTRACT

Background: Colorectal cancer (CRC) is a frequently occuring disease in western
countries with poor prognosis. Mast cells (MCs) are involved in carcinogens-associated
damage in the gastrointestinal tract, therefore, knowledge of MCs recruitment and
functions is pivotal to comprehension of CRC genesis. Annexin A1 (AnxA1) is a protein
expressed by MCs that modulates gastrointestinal tumoural development. Here we
evaluated the role of AnxA1 in the functional response of MCs in CRC carcinogenesis
induced by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG).

Methods: Wild type (AnxA1"") and AnxAi-deficient (AnxA71”) male Balb-¢ mice
received intra-rectal instillation of MNNG (4pugpl’) or PBS (100pL), and intestinal tissue
was recovered 4, 24 or 48 hours later. MCs-sufficient WB/B6 (Kit™*), genetically MCs-
deficient WBB6F 1-KitW/KitW-v (Kit") and Kit™ reconstituted with Kit"* MCs received
intra-rectal instillation of MNNG or PBS (4ugul’) twice a week for four consecutive
weeks, and intestinal tissue was collected 24 weeks after the first instillations.
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Results: MNNG damaged the tissue and increased the expression of AnxA1 in
epithelial cells. The lesion and MCs numbers were higher in AnxA1” mice. Increased
levels of pro-inflammatory cytokines were found in the CRC tissue of AnxA7™". Higher
and lower numbers of chymase and tryptase-positive cells, respectively, were observed
in the presence of AnxA1. At the late phase of CRC, immunossupression was detected
in CRC tissue with higher recrutment of MCs, AnxA1 expression and epithelial
proliferation, which were not detected in Kit” strain. Furthermore, the MNNG-induced
lesion was reduced in Kit” mice. Reconstitution of MCs to Kit™ mice induced epithelial
lesion and proliferation and immunossupression.

Conclusions: Our results show the pivotal participation of MCs in the initial and late
phase of CRC and highlight the interplay of MCs and AnxA1 on both the initial and late
phase of the carcinogenesis.

Keywords: cytokines, MCs-deficient WBB6F1-KitW/KitW-v mice, immunossupression,

AnxA1 deficient mice, chymase mast cells, tryptase mast cells

Colorectal cancer (CRC) is the third most common type of cancer worldwide and the
second leading cause of cancer death in the western world (Siegel et al, 2012). The
treatment is mainly based on surgical resection, followed by chemotherapy combined
with monoclonal antibodies or proteins against vascular endothelial growth factor
(VEGF) and epidermal growth receptor (EGFR) (Butler et a/., 2016, Pinter et al,, 2016;
Chan et al, 2017, Lee et al, 2017), Nevertheless, they do not represent total cure
since cancer recurrence within 5 years occurs in about 40% of cured patients
(Augestad et al., 2015). The nsk factors of CRC include genetic profile, environmental
agents, and chronic inflammation in the gastrointestinal tract. In the latter context,
aspinn intake has been proposed in clinical trials as a chemopreventive drug to CRC
because it inhibits prostaglandin E; (PGE;) secretion (Drew et al., 2016).

Mast cells (MCs) are a heterogeneous population of immune cells with
differences in their morphology, ultra-structure, mediator content, and surface

receptors. They are found in solid tumours and are considered one of the major cell
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populations of the tumour stroma (Vamicchi et al., 2017). Tumour-derived stem cell
factor (SCF) binds to its receptor c-Kit on MCs, driving and activating MCs in the
tumour microenvironment, where they are involved In Inflammation and
immunosuppression (Huang et al, 2008). Indeed, several reports have shown the
participation of MCs in the development of CRC induced by different carcinogens. An
increased number of MCs was detected in the CRC induced by gamma radiation, 1,2-
dimethylhydrazine (DMH) or sodium dextran sulfate added to 24 6-trinitrobenzene
sulfonic acid (DSS/TNBS). Furthermore, the genetic deficiency of MCs or c-Kit
receptors in mice reduced the incidence and number of tumours, attenuating the acute
and chronic damage caused by these carcinogens in the gastrointestinal tract
{(Wedemeyer & Galli, 2005; Blirando et al., 2011; Hamilton ef al, 2011; Tanaka &
Ishikawa, 2013). Therefore, blocking MCs recruitment and activation may be a potential
strategy on CRC therapy.

Activated MCs produce a wide spectrum of mediators, including cytokines,
proteases (mainly tryptases and chymases), amines, nitric oxide and products from
arachidonic acid metabolism, which may contribute to inflammation in the tumour
microenvironment (Varricchi et al., 2017). On the other hand, MCs also secrete anti-
inflammatory agents such as the agonists of Annexin A1 formyl peptide receptor-2/ALX
(FPR2/ALX), lipoxin A4 and annexin A1 (AnxA1) (da Silva et al, 2011). Moreover, it
was recently shown that activation of FPR2/ALX pathway in MCs impairs the neutrophil
migration in innate immune response (Hughes et al,, 2017),

AnxA1 is a 37-KDa protein member of calcium and phospholipid-binding
proteins of the annexin superfamily widely distributed in the body, found in biological
fluids and expressed in stromal cells, differentiated haematopoietic cells, tumour cells,
fioroblasts, epithelial cells and MCs (Oliani et al., 2000, 2008; Perretti & D'Acquisto,
2009). Secreted AnxA1 modulates different physiological phenomena, such as
granulopoiesis and neutrophil mobilization into blood (Machado ef al, 2016), and acts

as an anti-inflammatory mediator by limiting pro-inflammatory responses and inducing
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pro-resolutive effects (Perretti & D’'Acquisto. 2009). Furthermore, AnxA1 expression is
ohserved in diverse tumour microenvironments, and the majonty of data show its
correlation with poor prognosis, aithough the pro-tumoural mechanisms have not been
described (Boudhraa ef al, 2016). AnxA1 activates the mitogen-activated protein
kinase/extracellular signal-regulated kinase (ERK) pathway in diverse cells, and it may
be a possible mechanism (Perretti & D'Acquisto, 2009; Boudhraa et al, 2016), In
gastointestinal tumours, AnxA1 expression regulates cell invasiveness, leading to
invasion and metastasis to the peritoneal cavity and poor survival (Kanda & Kodera,
2018),

MCs are important producers of AnxA1, which, in turn, performs inhibitory
actions over this cell, being an important mediator of MC-stabilizing drug response
(Yazid et al, 2010, 2013). Although both AnxA1 and MCs are pivotal to the
development of gastrointestinal cancer, the interplay of AnxA1 and MCs on the genesis
of disease has not been investigated. Therefore, N-methyl-N"-nitro-N-nitrosoguanidine
(MNNG) induced CRC was carried out in AnxA1 or WBBEF1-KtW/KitW-v null mice.
Qur data show the pivotal participation of MCs in the initial and late phase of CRC and
highlight the connection of MCs and AnxA1 in both phases of the carcinogenesis
process. AnxA1 modulates the MCs infiux in the early inflammatory phase of CRC, and
MCs in the microenvironment of tumour is fundamental to AnxA1 expression by

epithelial cells,

MATERIALS AND METHODS

Mice. Wild type Balb/C (AnxA1"*) and Anx1 deficient (AnxA1™) mice were provided
from the Animal House at the School of Pharmaceutical Sciences. University of Sao
Paulo (Brazil) and wild type MC-sufficient WB/B6 (Kit™™) and genetically MC-deficient
WBB6F 1-KitW/KitW-v (Kif") mice were provided from the animal facilities of the School
of Medicine of Ribeirdo Preto, University of Sdc Paulo (Brazil). All experiments were

performed in male animals that were 5 to 7 weeks old, age and weight-matched. Mice
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were kept in community cages at 12h light—dark cycle and allowed food and water ad
libitum. The experiments were performed in strict accordance with the Brazilian laws of
protection, and this study was approved by the Animal Research Ethics Committee of
the IBILCE/UNESP (73/2014), EERP/USP (191/2013) and FCF/USP
(01200.003570/1998-08).

Bone Marrow Transplantation into Kit” mice. For MCs reconstitution, Kit” mice
received iv. injection of 2x107 cells isolated from the bone marrow of Kit™
(Grimbaldeston et al., 2005). Briefly, bone marrow cells were flushed from the femurs
of Kit"' mice with cold Dulbecco’'s minimal essential medium (DMEM) (Sigma
Chemical Co., St. Louis, MO, USA) and cultured in the same medium supplemented
with IL-3 (10ngml”"; PeproTech, Rocky Hill, NJ, USA) until >95% of the cells were
identified as bone marrow progenitor cells (MCps). Cell phenotype was indicated by
May Grunwald-Giemsa (Bio-OpticaSpA, Milan, Italy) staining and positive expression of
both FceRl (PE conjugated anti-mouse, 1:200, clone MAR-1, Biolegend, San Diego,
California, USA) and c-Kit (FITC Anti-mouse CD117, 1:200, 2B8, Biolegend, San
Diego, California, USA) by flow cytometry using a FACSCanto I® (Becton Dickinson,
San Jose, CA). Viable cells were counted with 0.4% trypan blue (Thermo Fisher
Scientific Inc., Waltham, MA, USA), and 2x107 cells suspended in 200mL of DMEM
were injected via tail vein into 4-week-old Kif” mice. Control animals received 200mL of

DMEM.

Induction of Colonic Tumours with MNNG. Mice received intra-rectal instillation of
4ugul” (equivalent to 20mgkg™ body weight) of N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG; Sigma-Aldrich, Aldrich Chemical Co., Inc., Milwaukee, WI) at 3cm from the
anal margin. Control groups received 100ul of PBS 1mM (pH 7.0) by the same method
(Che et al,, 2010). To evaluate the initial response of MCs cells on tissue damage

evoked by MNNG, AnxA1*"* or AnxA1" mice were sacrificed at 8, 24 and 48 hours after
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carcinogenic induction. The late response of MCs was investigated in Kif™ and Kit"*
mice treated twice a week for 4 consecutive weeks with 4ugul”’ of MNNG or 100uL of
PBS 1mM. Mice were sacrificed 24 weeks after the first treatments. All animals were

weighed weekly and evaluated after 24 weeks to colon analysis.

Colon sampling and tumour analysis. Mice were euthanized by isoflurane (2-chloro-
2-(difiucromethoxy)-1,1,1-trifluoro-ethane) inhalation. The laparotomy was performed to
remove the colon, and the colonic mucesa was exposed with a longitudinal incision to
be observed under a stereomicroscope at x 5-30 magnification. Number, size and
location of tumours along the colon were documented. Subsequently, large intestine
fragments were processed for histopathological and immunohistochemical analysis

(distal colon), as well as cytokine measurement (proximal colon).

Histopathological analysis. Samples of the distal portion of the colon were fixed 4%
buffered paraformaldehyde for 24h, dehydrated in graded ethanol and embedded in
paraffin. Sections of 2um were stained with Hematoxylin and Eosin (HE) for
histopathological assessment. Tissue samples were well oriented with longitudinally cut
crypts to precisely assess alterations in the colon tissue architecture, The number and
activation state of mast cells were measured by 0.1% Toluidine Blue staining. Analysis
was conducted using a high-power objective (40X) on an Axioskop 2-Mot Plus Zeiss

microscope (Carl Zeiss, Jena, Germany).

Immunohistochemical analysis, Sections of the colon (2um) were incubated with
sodium citrate buffer at 96 C for 30min. The endogenous peroxide activity was blocked
with 3% hydrogen peroxide for 30min, followed by incubation with either polyclonal
rabbit anti-AnxA1 (Zymed Laboratories, Cod. 713400, Cambridge, UK) at 1:500,
polyclonal rabbit anti-caspase-3 (Abcam, Cod. 52293, Cambridge, UK) at 1:50,
Proliferating Cells Nuclear Antigen (PCNA) (Abcam, Cod, 2426, Cambridge, UK) at
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1:2000, tryptase (Abcam, Cod. 2378, Cambridge, UK) at 1:200 or chymase (Abcam,
Cod. 13136, Cambridge, UK) at 1:500, in 10% TBS-BSA (Sigma-Aldrich, San Luis,
USA). The slides were incubated overnight at 4°C. Additionally. negative control
sections were incubated with 10% TBS-BSA instead of the primary antibody. Following
the wash step, sections were incubated with a secondary Ab conjugated with HRP
(Abcam, Cambridge, UK). Positive staining was detected using 3.3'-diaminobenzidine
(DAB substrate; Invitrogen, USA). Finally, sections were counterstained with
Hematoxylin and mounted. Analysis was conducted on Axioskop 2-Mot Plus
Microscope (Cari Zeiss, Jena, Germany), using AxioVision software for densitometric
and quanttative analysis. Denstometric analysis was used to determine AnxAl
intensity in colonic epithelial (40x) on an arbitrary scale from 0 to 255. Caspase-3 and
PCNA positive epithelial cells (iCaspase-3 and iPCNA) were quantified as a ratio of
immunoreactive cells per total cells counted in 100 crypts. Tryptase and chymase

positive mast cells were identified in consecutive serial sections with Toluidine blue.

Cytokine levels evaluation. To quantify the levels of interleukins (IL)-18, IL-4, IL-6, IL-
12, interferon-y (IFN-y) and tumour necrosis factor-c (TNF-a) in the proximal colon
samples, we used the multiplex instrument LUMINEX xMAP MAGPIX (Millipore
Corporation, Billerica, MA, USA). Antibody beads, controls, wash buffer and standards
were prepared following the manufacturer's instructions (MILLIPLEX MCYTOMAG-70K
kit). The plate was analysed using MAGPIX with xPONENT software.

Statistical Analysis. All results are expressed as Mean + S.D. Data obtained from the
different experiments were analysed using the software GraphPad Prism 5.0. The
incidence of tumour development was evaluated by one-way ANOVA. The mast cell
numbers/imm? of tissue and others analysis in various groups were compared by two-

way ANOVA. When differences among groups were observed, Bonferroni (parametric)



Apéndices — 81

or Dunn's test (non-parametnc) pot-tests were applied. A p-value below 0.05 was

considered significant. All data are presented as meanzS.D.

RESULTS

MNNG rectal instillation increases endogenous expression of AnxA1 in colonic
epithelial cells. AnxA1 is weakly detected in the apical membrane of colon epithelial
cells of mice (Figure 1A). MNNG instillation enhanced AnxA1 expression, mainly
visualized at 8 and 24h after instiliation with a reduction 48h later. Sections were
incubated with 10% TBS-BSA instead of the primary antibody to provide a negative
control for the immunohistochemistry reaction. Differences of AnxA1 expression among

the groups were quantified by Mean Optical Density (MOD) measurement (Figure 1B).

Expression of endogenous AnxA1 reduces MNNG-induced colon damage and
prevents pro-inflammatory cytokine production. In vehicle groups, the absence of
AnxA1 induced enhanced expression of the pro-inflammatory cytokines IL-1B, IL-6, and
IL-12 (Figure 1D) and reduced IL-4 levels, with a slight inflammatory infiltrate in the
mucosal layer (Figure 1C). After 8h of MNNG instillation, death of crypt epithelial cells
and inflammatory cell influx were observed with higher severity in AnxA1" mice (Figure
1C), and no differences in cytokines levels were observed between the strains.
Nevertheless, levels of IL-18 were markedly reduced in AnxA1™ mice compared to WT
(Figure 1D).

At 24h after exposure, edema and hyperemia of the colon became evident in
AnxA1" mice (Figure 1C). Moreover, IL-1B, IL-6, IL-12, TNF-a, and IFN-y were highly
expressed in these animals compared to AnxA1™" (Figure 1D). We next verified the
effects of MNNG after 48h of instillation. The damages were more prominent in AnxA 1’
" mice, represented by vacuolar hydropic degeneration, structural damages in the

epithelial layer with decrease of goblet ceils, submucosal edema and massive
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infiltration of leukocytes into the mucosa (Figure 1C), simultaneous to higher

expression of IL-1B, TNF-a, and IFN-y (Figure 1D).

Modulation of AnxA1 protein in the recruitment, activation and differentiation of
Mcs in response to MNNG. Total and activated MCs were identified by Toluidine blue
staining (Figure 2A). The number of MCs was enhanced 24 and 48h after MNNG
instillation in AnxA1™" mice, while an elevated number of MCs was detected since the
first 8h after MNNG instillation in AnxA1”" mice (Figure 2B). However, the MCs'
migration was higher in AnxA 7" mice compared to AnxA1"" in all periods of times after
MNNG instillation (Figure 2B).

Analysis of tryptase and chymase positive MCs showed that the number of
tryptase label cells was augmented 24 and 48h after MNNG instillation, and the
number of chymase labeled was markedly enhanced since the first 8h after MNNG
instillation in AnxA1™" mice (Figure 2C). Conversely, the numbers of both MCs labeled
proteases were enhanced in AnxA71" mice after 8h of MNNG instillation (Figure 2C).
The comparative analyses between the strains showed higher numbers of tryptase
positive mast cells in AnxA1” mice in all experimental periods and reduced chymase

positive cells 48h after MNNG instillation (Figure 2D).

Reduced susceptibility to MNNG-induced adenomatous polyps in MCs deficient
mice. Intrarectal administration of MNNG induced. after 24 weeks, the development of
tumoural polyps in the Kit" colon, which was significantly smaller in MCs deficient
mice (Kit") (Figure 3A). The reconstitution of MCs in Kit™ mice (Kit"+MC) partially
rescued the volume of tumours (Figure 3B). In addition, the body weight was reduced
in Kif"” MNNG compared to the respective vehicle group, and the reconstitution of MCs
from Kit™ mice reduced the loss of weight (Figure 3B).

Colon sections from Kif™™ mice instillated with vehicle (Figure 3C) presented

normal architecture, and no significant histological differences were observed in
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comparison with Kit" or Kit"+MC instillated with vehicle. Benign pedunculated
adenomas were verified in histopathological analysis of tumours in Kit"* and Kif “+MC
groups. Most of them were composed of tubular structures lined by dysplastic
epithelium with a drastic reduction in the number of goblet celis. However, some
adenomatous polyps exhibited a high grade of dysplasia and intraepithelial
adenocarcinomas. These drastic changes were not present in Kif® MNNG group
(Figure 3C).

MCs number increased in the sites of tumour development in Kif™" and Kit“+MC
compared to the respective vehicle instillated groups (Figure 4A and B). As expected,
MCs were absent in Kit" mice (data not shown). Sequential histological sections of
those obtained for immunohistochemistry were stained with Toluidine blue to confirm
that immunostained cells were MCs. In vehicle groups (Figure 4C), tryptase expression
was verified, but chymase was found at low levels in MCs. On the other hand, most of
the MCs found in the adenomas strongly expressed tryptase and chymase (Figure 4C).

Quantification of protease-positive MCs is presented in Figure 5D.

Microenvironmental immuncregulation and enhanced proliferation of epithelial
colonic cells after MNNG exposure. Expression of AnxA1 was equivalent in all
groups of Vehicle mice (Figure 5A). Higher expression of the protein was detected in
Kit"* mice and Kit"+MC mice instillated with MNNG compared to Kit™ mice. Also,
reduced epithelial expression of AnxA1 was found in Kit™ instillated with MNNG
compared to Kit™ MNNG and Kit"+MC MNNG. AnxA1 Mean Optical Density (MOD)
measurement are presented in Figure 5B.

Reduced levels of pro-inflammatory cytokine IL-1B, IL-6, IL-12, IFN-y and TNF-
a and enhanced levels of |L-4 were found in Kit"™ mice with tumours (Figure 5C). The
proliferation and apoptosis of epithelial colonic cells were analysed by
immunohistochemistry to PCNA and Caspase-3, respectively (Figure 6A and C).

Significantly increased epithelial PCNA-positive cell numbers were detected in MNNG-
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exposed Kif™* and Kit"+MC mice compared to the respective vehicles (p<0.001)
(Figure 6B). In addition, this difference was not observed between Kif® MNNG and
vehicle groups. Furthermore, there were no statistically significant differences for
Caspase-3-positive celis among Kit™, Kif" and Kit"+MC mice after MNNG

administration compared to the respective vehicle groups (p<0.001) (Figure 6D).

DISCUSSION
To our knowledge we show, for the first time, the interplay of MCs and AnxA1
expression on epithelial cells on the early and late phases of gastrointestinal tumour
development evoked by MNNG in mice. Expression of AnxA1 by epithelial cells
protects the early gastrointestinal inflammatory damage caused by MNNG, depending
on inhibition of MCs infiltration into the site of the lesion. Furthermore, infiltration of
MCs is fundamental to the AnxA1 super expression by epithelial cells in later phases of
tumour development, to epithelial cell proliferation and to secretion of
immunossupressive cytokines in the tumour microenvironment. Therefore, AnxAt
expressed by epithelial cells in CRC is connected to MCs' infiltration and displays anti-
and pro-tumoural actions depending on the phase of the process.

AnxA1 is expressed in the gastric and intestinal tissues and exerts functional
and morphological properties to maintain the tissue homeostasis (Babbin et al,, 2008;
Leoni ef al., 2013). Moreover, AnxA1 is highly expressed on gastrointestinal diseases,
as gastric ulcera and colitis, and favours the resolution of local inflammation and tissue
regeneration (Martin et al.. 2008; de Paula-Silva et al., 2016). AnxA1 is also expressed
in gastrointestinal cancers, and its expression in advanced stages of the disease is
associated to metastasis and poor prognosis (Su ef al, 2010; Boudhraa et al., 2016).
Here we show that in the early stages of CRC, AnxA1 is expressed by epithelial cells
and protects the tissue damage caused by MNNG. The protective effect of AnxA1 may
be due to anti-inflammatory properties since higher lesion in AnxA1” mice was

correlated to unbalanced levels of pro- and anti-inflammatory cytokines, with higher

11
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amounts of pro-inflammatory mediators. Indeed, the genesis and initial development of
CRC s associated with inflammation in the gut (Neurath, 2014, Wessler et al., 2017),
as aspinn intake has been proposed to prevent CRC drug and the mechanism involved
seems to be the inhibition of PGE2 (Drew et al., 2016).

Nowadays, it is strongly evident that the tumoural microenvironment is pivotal to
the regression or development of the tumour. The tumour microenvironment is
composed of a diversity of stromal and immune cells that secrete pro- or anti-tumoural
mediators resulting in a complex cascade of cells activations (Tahmasebi Birgani &
Carloni, 2017, Wang et al., 2017). MCs are immune cells pivotal to CRC development
(Wedemeyer & Galli, 2005; Blirando et al., 2011; Hamilton et al, 2011, Tanaka &
Ishikawa, 2013) that also express high amounts of AnxA1 (Kamal et al, 2005; da Silva
et al, 2011). MCs are derived from committed MCs progenitor cells in the bone marrow
(MCps) that transmigrate in the bone marrow's and peripheral tissues'
microvasculature to be delivered, respectively, into blood and recruited into tissues,
where they undergo complete maturation (Dahlin & Hallgren, 2015). MCps express
«4/31 and u4/7 integrins, which bind to counter receptors in the activated endothelium
or mucosal cells in the gut to transmigration (Ribatti, 2015). Stem cell factor (SCF)
secreted by fibroblasts, stromal and endothelial cells is the main mediator of MCps
survival, activation and circulation in the blood, but IL-3, IL-4, IL-9, IL-10, transforming
growth factor beta (TGF-beta), and nerve growth factors (NGF) act in synergism with
SCF (Ribatti, 2015). We suppose that AnxA1 can directly control the transmigration
and locomotion pathways of MCps because endogenous AnxA1 modulates the traffic
of granulocytes from the bone marrow and into the blood, and the homing to bone
marrow and inflammatory tissues (Perretti & D'Acquisto, 2009; Machado et al, 20186),
or indirectly by reducing the secretion of inflammatory mediators involved in
transmigration and chemotaxis (Sugimoto et al, 2016). Indeed, we here have shown
reduced levels of interleukins involved on cell adhesion into vessels, such as IL-1B and

IL-B, in the inflammation caused by MNNG.

12
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AnxA1 also inhibits MCs degranulation in the brochoalveolar fluid in allergic
inflammation (Bandeira-melo et al., 2005) or after compound 48/80 challenge (Sinniah
et al, 2016). Here we show that endogenous AnxA1 is protective in early phases of
MNNG-induced carcinogenesis by blocking MCs migration and degranulation, and it
may represent a mechanism to impair tumour development,

MCs homing into tissue maturates into two distinct populations according to
their enzimatic profiles, such as tryptase or chymase subtypes (Caughey, 2007). Both
proteases have been related to induction of angiogenesis, which supports cancer
feeding and growth (Ribatti ef al, 2011; Douaiher et al., 2014), Although both enzymes
produce similar effects, literature correlates the higher density of tryptase-positive MCs
to a poor prognosis in some types of cancer, with an especial role in gastrointestinal
primary cancers and metastasis (Malfettone ef al, 2013; Suzuki et al, 2015;
Ammendola et al, 2016). In the context of MCs heterogeneity, our data bring novelty in
AnxA1 functions, since we show, for the first time, that the higher total number of
tryptase-positive MCs is observed in the absence of AnxA1 in the CRC experimental
model. Indeed, de Paula-Junior ef al. (2015} demonstrated higher density of chymase-
positve MCs in the ectopic endometria from human biopsies of endometriosis,
correlated with higher expression of AnxA1 co-localized with the receptor FPR1 in the
glandular cells.

MNNG is a direct alkylator of DNA (WESIERSKA-GADEK et al., 2003) that
forms adducts at the O° position of guanine, which results in G:C to A:T transitions after
DNA replication that cannot be repaired by the DNA mismatch repair system (York &
Modrich, 2006). Thus, MNNG induces DNA breaksigaps, cell cycle amest, and
persistent nuclear foci at sites of DNA damage (Stojic ef al., 2004). Intrarectal
instillation of MNNG is a reliable and efficient method to induce tumours selectively in
the area exposed to the carcinogen in the colon (Che ef al, 2010). Indeed, we here
show carcinogenesis after 24 weeks of the initial exposure to MNNG, and we also

demonstrate that this effect depends on constitutive MCs, because the tumour
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development was markedly reduced in mice lacking both copies of Kit (Kit™), which
results in a virtual absence of tissue MCs (Kitamura et al, 1978). These data
corroborate the literature about using other tumour-inducer compounds (Tanaka &
Ishikawa, 2013; Rigoni ef al, 2015). Moreover, the contribution of MCs to CRC
development was corroborated by the appearance of tumours in Kit" mice
reconstituted with normal MCps before the beginning of exposures.

We also here highlight that AnxA1 expression in the microenvironment during
the late phase of tumour growth is modulated by MCs cells because higher expression
of the protein was detected in Kit"" mice and in Kit"" mice reconstituted with MCs, but
not in Kit“ animals. Together, these data show the interplay of MCs and epithelial cells
during CRC development to enhance AnxA1 expression, mainly by the epithelial cells.
As mentioned, AnxA1 levels are indicator of poor prognosis in CRC tumours (Yi &
Schnitzer, 2009; Onozawa et al., 2017). Indeed, our data show an immunosuppressive
profile of cytokines mediators in CRC infiltrated with MCs and expressing AnxA1 that
are involved in the immune escape of tumour cells. It has shown that reduced and
elevated levels of pro-inflammatory and anti-inflammatory chemical mediators,
respectively, are involved in the anergy of the immune cells during cancer initiation and
progression (Neurath, 2014) Similarly, we detected enhanced epithelial cell
proliferation in CRC infiltrated with MCs cells. Together, our data corroborate the pro-
tumoural activity of MCs in CRC in experimental models and in patients (Rigoni et al,
2015, Ammendola et al, 2018), and we believe that this activity may be related to
immune suppression in the microenvironment and cell proliferation. The contribution of
secreted AnxA1 on CRC growth may be supposed because AnxA1 causes cancer cell
proliferation and metastasis (Sato ef al, 2011) and induces the secretion of
immunossupressive cytokines in inflammatory sites (C'hng et al., 2006; Peretti &
D'Acquisto, 20089).

In conclusion, our data show the complexity of cell interactions in tumour

development by showing the relevance and distinct interplay of AnxA1 and MCs during
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the initial and late phase of CRC growth, The connection of MCs and AnxA1 in the |ate

phase of tumour development represents a goal to be addressed in the near future.

Competing interests: the authors declare that no competing interests exist.
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Figure Legends

Figure 1. Distal colon AnxA1 expression, histopathology, and cytokine analysis
in WT and AnxA1-deficient mice (AnxA1") after acute MNNG induction. (A)
Representative immunostaining of AnxA1 in colon epithelium of AnxA1™" Balb/c. (B)
Mean Optical Densitometry (MOD): AnxA1. (C) Altered histoarchitecture of colon after
MNNG instillation with the presence of dysplasic crypts and mucosal inflammatory
infiltrate (detads). Tissue injunes become evident after 8 h in AnxA1™ mice and 48h in
AnxA1™", (D) Cytokines expression (IL-1B, IL-6, IL-12p40, TNF-a, IFN-y, and IL-4).
Scale bars: (A) 30 pm; (C) 50 pm. ### p < 0,001 vs Vehicle group, §§§p < 0.001 vs 8
h ##4p <0001 vs 24 h,

Figure 2. AnxA1 modulates MNNG acute effects over mast cells recruitment,
differentiation and activation. Metachromatic mast cells (arrows) in distal colon of
vehicle and MNNG-induced groups. (B) Total and degranulated mast celis
quantification. (C) Immunohistochemical mast cell proteases evaluation on serial 2 pm
sections of AnxA1™" and AnxA1" mice, High tryptase and low chymase expression in

mast cells at Vehicle group (arrowhead). Tryptase/chymase positive mast cells
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(arrows) 8 h after MNNG induction. (D) Tryptase and chymase positive cells
quantification. Scale bars; (A) 50 um; (C) 20 ym. *p < 0.05, ** p<0.01, *** p < 0.001
vs Vehicle AnxA1"", ### p < 0.001 vs Vehicle AnxA1™, #3+ p< 0001 vs 8 h; §§§p <

0.001vs24h,

Figure 3. MNNG-induced morphophysiological alterations in mast cells-deficient
mice (Kit") colon. (A) Representative distal colon of C57BL/6 Kif™", Kit” and Kif"+MC
after 24 weeks of the induction with PBS (Vehicle) and carcinogen (MNNG), (B)
tumoral volume and mice corporal weight difference after the same period, #%# p <
0.001 vs Kit"* MNNG group: 111 p < 0.001 vs Kit" MNNG group; *** p < 0.001 vs
respective vehicle group. (C) Histopathological sections from the distal colon of vehicle
groups, adenomas formation in Kit™™ and Kit"+MC and, inflammatory infiltrate in the
colonic mucosa from Kit™ mice. Goblet cells are virtually absent of the crypts forming

the adenomas. Scale bars: (A) 1cm; (C) 50 pm.

Figure 4. Quantitative and phenotypic assessment of mast cells after MNNG
tumoral induction. (A) Metachromatic mast cells (arrows) in distal colon. (B)
Quantification of total and activated mast cells. (C) Low intensity chymase expression
(arrowhead) was observed in mast cells at Vehicle condition. Chymase positive cells
with higher expression (arrows) are shown after MNNG instillations. Scale bars: (A) 50
um; (C) 20 ym. (D) Tryptase and chymase positive cells quantification. *** p < 0.001 vs

respective Vehicle group.

Figure 5. AnxA1 and cytokines expression In mast cells-deficient mice after
MNNG induction. (A) Representative immunostaining of AnxA1 in the colon
epithelium. More intense AnxA1 expression was found in MNNG-affected tissue in the
presence of mast cells. Scale bars: 20 pm, (B) Mean Optical Densitometry (MOD):
AnxA1. (D) Cytokines expression (IL-1B, IL-6, IL-12p40, IFN-y, TNF-a, and IL-4). *** p
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< 0.001 vs respective Vehicle group. ### p < 0.001 vs respective Kif"~ group. $f p <

0.001 vs respective Kit" group.

Figure 6. MNNG-induced proliferation and apoptose of colonic epithelial cells in
the presence of mast cells. (A and C) Immunoreactivity of Proliferating Cell Nuclear
Antigen (PCNA) and Caspase-3 in distal colon. Scale bars: 50 ym. (B and D) Relative
PCNA and Caspase-3 positive cells in colonic crypts, respectively. *** p < 0.001 vs
respective Vehicle group, ### p < 0.001 vs respective Kit"" group. 111 p < 0.001 vs

respective Kif” group.
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Figure 3
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Supplementary figure
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Proposed schema to ilustrate the interactions of annexin Al (AnxAl) and mast
cells (MCs) in the colorectal cancer (CRC) development. During the initial phase,
AnxAl is highly expressed by epithelial cells, mediating the protection of colonic
histoarchitecture, downregulating the expression of pro-inflammatory cytokines and
favouring the incidence of chymase-positive MCs into the tissue. In the late phase, the
presence of MCs induces the expression of AnxAl by epithelial cells, which correlates

with the tumor formation and an immunosupressive profile.
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Humoral immune responses against the malaria vaccine candidate
antigen Plasmodium vivax AMA-1 and IL-4 gene polymorphisms
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governed by different factors, Including the genetic components of the bost. The IL4 gene appears to
be a strong candidate factor becawse of its role in the regulation of the Th2 response. The peesent study
investigated the role of i-4 polymorphisins in the de 1 of IgG antibodies against PvAMA-1 and
thye TL4 bevels in mdividuals infected with Mlasmodéum vivas in a malaria endemic area in the Brazilian
Amazon

P miothin Vivex Methods: The study sample included 83 patients who were diagnosed with P vivax infection using thick
seterteukin 4 smwar and conflomed by nested-POR. The (-4 —590 C>T and IL-4 - 33 OT polymorphisms were genotyped
Ancestry informanive markers by PCR-RFLE, and the Introa 2 VNTR was genotyped by PCR. A standardised ELISA protocol was wsed to
Pasaritenua measure the 1ot 1gG against PPAMA- 1, The cytokine/chemokine devels were measured using a Milliplex

SN multiplex assay (Millipere) All of the subjects were genotyped with 48 ancestry informative markers to
determine 1he proportions of Alican, European and Amenindian ancestry using STRUCTURE soft ware.
Resalty: Of the 83 patiemts, 50 (73%) produced 1gG antibodies against PYAMA-1. A significant decresse in
the percentage of vespondents was observed amoayg the primo-infected individuals, No significant
differences were observed In the frequencies of genotypes and haplotypes among individuals who were
positive or negative for 12G antibodses against PvAMA- 1. Furthermore, no significant correlation was
observed between the -4 palymorphesms, antibody levels, IL-4 levels, and parasitemia,
Conciusions: Thes study indicated that the polymorphisms entified in the IL-4 gere are not likely to play
a rale in the regulation of the antibody respoose agamst PvAMA-1 and IL-4 production i vivax malaria,
© 2015 Elsevier Lid, AN rghts reserved,
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Malaria is 2 parasitic disease of major importance worldwide. It
Is estimated that over 200 million cases occurred in 2012 alone,
Masmodium vivax is & widely distributed species, with high inci-
dence in Central and South America, Asia, and Oceania, Despite
being less lethal than P falcipanm, P, vivax is responsible for the
high morbidity in these regions | 1],

Vaccine development |15 considered one of the most promising
strategles to control malaria, and the proteins involved in the
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recognition, adhesion, and internalisation of erythrocytes are con-
sidered to be the main target candidates for vaccine development.
Apical membrane antigen-1 {AMA-1) appears to be a strong candi-
date because of its role in the invasion of erythrocytes by
Plasmodion |2]. Monoclonal antibocdies against AMA-1 were able
10 inhibit the in vitre Invasion of erythrocytes by merazoltes of dif-
ferent parasite species, including those of £ knowldesi, I falciparum,
and . reichenowi | 3-5]. Recently, antibodics obtained from mice
immunised with P vivay AMA-1 (PVAMA-1) inhibited erythrocyte
mnvasion by P vivax merozoites (6], In addition, several seroepi-
demiological studies have indicared that AMA-1 Is immunogenic
in natural infections. In Brazil, the antibody response against
PYAMA-1 bas been evaluated in naturally exposed individuals from
different endemic regions in the Amazon [7-10],

It ks known that the heterogeneity of the immune responses can
be attributed to several factors, including genetic components of
the host | 111 Moreover, It has been reported that the production
of antibodies against various P. falcipanim proteins is controlled
by immune-related genes, including those of the HLA system such
a8 L1, 03, 104, L5, 110, 1L 13, TNF, FCGR2A, FCGR3B, and CD36
112-23], However, few studies have evaluated the Immune
responses against L vivax proteins, and the genetic mechanisms
mvolved in the humoral immune responses against this species
remain poorly unkesstood |10.12.24-27],

Because of its role in the regulation of different stages of the
immune responses, the |L-4 molecule seems 1o be an excelient can-
didate for modulating the immune responses directed against F.
vivax. This Th2 cytokine induces the exchange of IgM/igG to Igk
sotypes and enhances the antigen presentation ability of 8 lym-
phocytes |28) In falciparum malaria, higher -4 levels were
detected in children with severe malana compared with children
with mild malaria [2930], and IL-4 levels have been correlated
with parasitemia [2931], The in vitro production of 11-4 by CD4’
Teells in Individuals living in malaria endemic areas has been asso-
clated with elevated antibody levels |32,

Polymorphisms in the promoter region of the [L-4 gene more
specifically, the single nucleotide polymorphism (SNP) -590 C>T
have been associated with the production of antibodies against P.
falciparum proteins, including MSP-1, MSP-2, CSP, and P332
119,21,31). However, the role of iL-4 gene polymorphisms in the
mmune responses against P. vivax has not been investigated,
Therefore, the present study aimed to cvaluate the effect of L4
gene polymorphisms (590 C>7, - 33 CT and one intron 3 vari-
able-number tandem repeat (VNTR) on the production of IgG anti-
bodies against PVAMA-1 and on IL-4 levels in individuals naturally
infected with £ vivax in the Brazilian Amazon.

2. Methods

2.1, Seudy participanty

This study was conducted in the oty of Goianésia do Pard,
focated in Pard, one of the states encompassed by the Brazilian
Amazon. Malaria transmission in this region occurs throughout
the year; in 2012, this region had an annual parasite index of
46,74, with approximately 80% of the cases cawsed by P vivay
134, The study sample was composed of 83 individuals recruited
between February and August 2012, The subjects were aged
>14 years, exhibited classic symptoms of makiria. and sought med-
sal assistance in the city. Only those diagnosed with P. vivax by
microscopic examination were included in the study. A control
group consisted of 40 Individuals living in a non-endemic area In
Sio José do Rio Preto, southeastern Brazil they complied with the
following criteria: they were over 18 years old, of both genders
and who reported never having visited malaria transmission areas

were used as controls, The control samples were only used for the
determination of serological response.

2.2. Sumple collection and malena dragnoss

After the participants answered 4 guestionnaire on epidemio-
logical data. approximately 10 mL of peripheral blood was col-
lected by venipuncture, and the serum samples were separated
by centrifugation. Malaria was diagnosed using thick blood smears
stained with Giemsa and subsequently confirmed by nested-PCR
[35]. Parasiternia was defined as the number of parasites per
microliter of blood after examination of 100 microscopic fields,
All of the participants or their guardians signed an informed con-
sent form, The project was approved by the health authorities of
the city of Golnésia do Pard and by the Research Ethics
Commuittee of the Department of Medicine of Sio José do Rio
Preto {CERJFAMERI® No. 4599/2011).

2.3, Genortyping

DNA was extracted from the white blood cells using an Easy-
DNA™ extraction kit (Invitrogen, California, USA). All of the indi-
wviduals were genotyped for a set of 48 bi-alleli insertion/deletion
{INDELS) polymorphisms vahidated as ancestry informative mark-
ers, performed by three multiplex reactions as described elsewhere
[36].

For the genotyping of the IL-4 gene. the VNTR a 70-bp shost
tandem repeat in intron 3 (rs8179190), was detected by PCR, and
the 183- and 253-bp alleles were (dentfied as the B1 and B2 alle-
les. respectively. The SNPs -590 C»T (rs2243250) and - 33O
{rs2070874 ) were genotyped by PCR, followed by enzymatic diges-
tion. The genotyping of the (L4 gene followed a previously
described protocol [17) except for the cycling conditions of the 3
polymorphisms, which were changed to 94 °C for 5 min; 35 cycles
of 94 'C for 30 5,60 °C for 30 s and 72 °C for 1 min; and 1 cycle of
72 °C for 5 min. The PCR products were visualised on a 2% agarose
gel stained with Gel Red (Biotium, CA, UISA),

2.4, Antigen and antibody measurements

A recombinant protein containing the ectodamain {amino acids
43.487) of the AMA-l protein of P vivax (Belém strain) was
expressed in Pohia pastorfs and purified as described previously
[6) An ELISA test was performed to determine the levels of naty-
rally acquired IgG antibodies against PvAMA-1, following a previ-
ously descnbed protocol [6). To classify the sample as positive or
negative, the reactivity index (R1) was calculated by dividing the
sample OD by the cutofl value. Samples with Rl = 1 were consid-
ered positive, and samples with Rl <1 were considered negative.
The cutoff value was established by considering the mean OD value
from 40 control samples plus 3 standard deviations.

2.5, Cyrokine assay

The concentration of IL-4 in the serum samples was quantified
using 2 customised Milliplex MAP Human Cytokine/Chemokine
Panel (# HOYTOMAG-GOK, Millipore, Boston, MA, USA). The assays
were performed according to the manufacturer’s instructions. The
samples were analysed in duplicate on a Luminex 200 system
(Luminex Corporation), and the data were collected by Luminex
XPONENT software.

2.6, Statisticol analysis

The individual proportions of African, European, and Native
American genetic ancestry were estimated using the software
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STRUCTURE version 23,1, The remaning statistical analyses were
performed using the program R version 2.11.1 (hitp: ) veww.r-pro-
jectorgh The genotypic and allelic frequencies for cach vanant
were obtained using the package genetics | 18], Using this package,
deviations from the Hardy-Weinberg equilibrivm were evaluated
wsing the chi-squared test, and the linkage disequilibrium between
pairs of loci was analysed with the parameter D', The haplotype
frequencies were estimated  using  the maximum  likelihood
method with the expectation-maximisation [EM) algocithm, which
is part of the hoplo.stars package |19 The proportion differences
were assessed using the chi-squared test. The nonparametric
Kruskal-Wallis test was used to determine the differences in the
antibody and 11-4 levels in relation to the genotypes. The correfa-
tion between the haplotypes. antibody levels, and L4 levels was
evaluated by logistic regression, using the haploglm function in
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the haplostars package, The p value was adjusted for covariables
using a logistic regression model. The graphs were generated using
the ggplot package, and p < 0,05 was considered significant,

3. Results
3.1. Study population

The population profile is shown in Table |, Among the 83
patients infected with P vivax included in the study, 60 (73%) pro-
duced 1gG antibodies against 'WVAMA-1 (Rl > 1), whereas 20 (27%)
did not (Rl < 1), No significant differences were observed between
these 2 groups regarding the gender, age. number of previous epi-
sodes of malaria, exposure time, or genetic ancestry, However, a
higher proportion of primo-infected individuals was observed
among the subjects withour PVAMA-T antibodies compared with
those positive for PVAMA-1 antibodies (33.00 and 3.7%, respec-
tively, p<000001), No significant differences were detected
between PvAMA-1 antibody positive and negative individuals with
respect to parasitemia (medians of 2000 and 1000 parasites/pl,
respectively, p=(0.15) or 1L-4 levels (medians of 1.04 and 1.18 pg/
mL respectively, p=0.26),

32. Association between IL-4 polymorphism and AMA-1 antibody
response

The lt-4 -590C>1, lL-4 3307, and VNTR polymorphisms
were genotyped successfully in all 83 patients. No significant devi-
ations from the Hardy-Weinberg equilibrium were observed for
any polymorphism (p> 023 for all). For the IL-4 590 C>T SNP,
the 7 allede was the most frequent (51.8%). For the It-4 - 3307
SNP, the C allele was the most frequent [64.5%). and for the
VNIR. the B2 allele was the most frequent (66.3% ), No significant

differences were observed in the genotype frequency between
individuals with and wathout IgG antibodies against PvAMA-1
(Tabie 2), even when these genotypes were grouped according to
genetic models (recessive, dominant, or additive ) {data not shown ),
A multivariate analysis adjusting for the primo-infected status did
not change this result. Similar to the results for the rate of the
respondents, none of the polymorphism genotypes significantly
affected the levels of IgG antibodies against PAMA-1 (Fig 1AL

1.1 Cytokine guantification and assoclation with [L-4 polymorphisirs

The IL-4 levels among the patients with vivax malaria ranged
between 0.61 and 40,36 pg/ml with a median of 1.05 pg/mL. No
significant differences were observed between the 164 Jevels in
the genotypes evaluated (g 1B) Furthermore, no correlation
was observed between the L4 levels and  pamsitemia
(rho= 008, p=048, Spearman correfanon) and the antibody
levels  against  PYAMA-1 (o =002, p=085 Spearman
correlation ).

34, Linkage disequilitvium and haplotype association

Because of the proximity of polymorphisms on chromosome 5,
a high linkage disequilibrium was observed between the JL-4
~590 C>T and IL-4 -33 01 (¥ =096, 1 = 047) SNPs, between
the IL-4 - 590 TSNP and VNTR ([ = 0.95, 7 = 0.43 1, and between
the iL-4 33 C>T SNP and VNTR (7 = 0,79, r* « 0,58). Five haplo-
types with a frequency >4% were observed and were evaluated to
determine the PVAMA-1 158G antibody levels and 1L-4 levels. Of
these, the most frequent haplotype was IL-4 ssacorr e C/C/
B2 (47.5%). No significant differences were observed in the

Tabile 1

Chaacteristics of malacs patients o AMA-L d
Characterintics Al rsalarsa pathents (n = N3) AMA-T ponative (n = 6401} AMA-T megative (n = 23] pwalue
Gender (male) N ™o na Lus
Age (yoan FR115-08) $(15-08) M18-65) 054
Exposare peviod (yearns ) 701-30) 7 (00-3¢n Mins-21 0.5
Previows malaria epssodes 53233 34229 45243 072
Priuoedocted! o 37 133 «0.0001
Cemetic ancesin®
Ancan 0.324:011n 032503119 0322:0422 092
Furopean DA3S x0 It Q43520030 LESLESUA D) 009
Native Ametiodian 0,240 1 0096 Q230 £ 0000 G245 = 0087 0.6
Pavasite deasity (parasses/pl 1500 15 10.000) 2000 [ 10-10,000) 1000 (5-7000) 015
L4 comcentration (pg ot |* 105 (0615.40.355) LO4 (0725-5005) LIS {0615-90163) 0.20

* Peroentages.
* Medean {range)
¥ Meun = standard deviation,
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e 0476 o4 an
nom o4 04s au?
* Haplotypes with fre fes <4 were
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 The overall association b the haph and the

haplotype frequency between individuals who were positive and
negative for PVAMA-1 antibodies (Table 3), Using a regression
model for the quantitative traits in the haplostars package, the
variation in the antibody and 1L-4 Jevels was determined for each
haplotype in relation to a reference haplotype (in this case, the
most frequent haplotype ). No significant differences were observed
in these levels (Fig 2}

4. Discussion

Although the genes at the HLA class | and class 11 locl are the
best known immunogenetic determimants of the humoral immune
responses to malaria  [10.11,052527.40-42],  recent

immunogenetic studies have demonstrated that polymorphisms
at many loci in several genes are associated with the humoral anti-
body  response  against  different Plasmodium  proteins
P2 HS17,09-21.23% In the present study, we investigated 3
polymorphisms in the L4 gene (L4 59007, IL-4 3307, and
a 70-bp VNTR In Intron 3) that are assoclated with falciparum
malana. To our knowledge, this is the first study that investigates
the influence of JL-4 polymorphisms on the 1gG antibody response
against P vivax, The present study was conducted in a mixed pop-
ulation in a malana endemic area in the Brazilian Amazon, and
possible biases owing to the population heterogeneity were care-
fully considered by employing informative markers of ancestry to
characterise the study population.

The potential involvement of IL-4 gene polymorphisms in
immunity against malaria has been demonstrated in 4 previous
study |13 wherein differences in allele frequencies at the IL-4
- 590 C>T SNP (previously designated IL<4 524 C>1) were detected
among sympatric African toibes, The T allele was more frequent in
the Fulani tribe, whose members admittedly have increased anti-
body levels and decreased susceptibility against malasia compared
with those in the netghbouring tribes of Rimaibé and Mosss. In the
Fulani tribe. the T allele was associated with significantly higher
levels of IgG antibodies against CSP and P332 P, fakipamim anti-
gens, Since then, other studies have investigated this SNP but with
contradictory results [2021.23,37],

In the present study, we found no role for IL-4 polymorphisms
in the production of IgG antibodies against PYAMA-1. Recently. a
genome-wide association study (GWAS) investigated the effect of
6 IL-4 SNT's, including SNP - 550 O>T, on the acquisition of IgE anti-
bodies against PVAMA-1 in individuals exposed to malaria in Sni
Lanka, and no significant association was found |12). A previous
study conducted in Thailand | 20| demonstrated that the acquisi-
tion of specific IgG1 and 1863 antibodies against P, falciparum in
patienss with complicated and uncomplicated malana was depen-
dent on the IL-4 -390 C>T genotype, but this finding was only
apparent after separating the patients who had been previously
infected with malaria from those who never had the disease. In
Lact, it 1 well keown that exposure to malaria can affect the scqui-
sition of antibodies against malaria. In the present study, a strong
association was observed between individuals who never had
malana and a low IgG antibody response against AMA-1,
However, the low proportion of primo-infected individuals in the
study sample did not allow us to perform an analysis similar to
that from a previous study [20], It is important to potnt that the
sample size of our study is small and that a panel of genetic varia-
tions in humoral immune responses in larger sample size should
be further investigated.

We Investigated the influence of IL-4 polymorphisms on the IL-
4 cytoking levels. The -4 580 C>7 SNP* affects the binding of
NFAT, a key transcriptional activator of the IL-4 gene [43], whereas
the JL4 - 33 C>T SNP has been associated with an increased pro-
moter activity of the gene [44). Moreaver, it has been proposed
that distinet numbers of VNTR copies in intron 7 may affect its
transcriptional activity [45]. In the present study, no significant dif-
ferences were observed in the serum IL-4 levels among the differ-
ent genotypes and haplotypes. This result is in agreement with that
found in a previous study | 19), which conchided that there was no
correlation between the genotypes and haplotypes of L4
~ 500 C>T and I+ - 33 C>7 with the IL-4 plasma levels in mothers
with placental malaria from a cohort study. However, 2 other stud-
ies of patients infected with P faldparum found increased (L4
levels in the plasma of patients with the genotypes IL-4 59T
|29) and VNIR B1B2 [J0). This discrepancy may be related to the
lack of function of these polymorphisms. Alteratively, the produc-
tion of 1L-4 may be regulated by polymorphisms only in the pres.
ence of other genetic determinants.
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The IL4 levels found in the present study were low (med-
ian = 1,5 pg/mL), Similar results were observed in 2 other studies
in the Brazilan Amazon involving patients with vivax malaria
146,47, In contrast, higher plasma IL-4 levels appear to be
assoctated with the disease severity in Individuals infected with
P falcipanom [ 29301 In fact, [L-4 levels appear to vary substantially
during the course of infection. and higher concentrations are
observed in the intermediate and late stages of the discase
129,48]. Therefore, the fact that malana patients from the studied
area have easy access to medical services and seek diagnosis and
treatment a few days after the onset of symptoms may explain
the low IL-4 levels observed in the present study, To better under-
stand the role of this cytokine tn the development of the humoral
immune responses against malaria, we investigated whether the
IL-4 concentration is correlated with the 1gG annbody response
against INVAMA-1, but no correlation was observed. In an experi-
mental mouse model, the protection induced by immunisation
with AMA was not strictly dependent on 1L-4, suggesting that an
antibody response can be induced even in the absence of this cyto-
kine [491 In fact, it is much more likely that the balance between
different cytokines may be more important than the absolute
levels of a particular cytokine to the result of the mmmune
responses to malaria [291

5. Conclusions

This study demonstrated that the 14 polymorphisms studied
are not likely 1o play a role in the regulation of the antibody
response against PVAMA-1 and IL-4 production in vivax malaria,
However, the delicate balance of various cytokines may be more
important than any specific cytokine in regulating the immune
responses o malana. In this respect, future studies evaluating a
range of cytokines may help elucidate this aspect. In addition,
other genes may be involved. considering the vanations observed
in annbody acquisition. Additional studies being conducted by
our group will explore these issues in detail and will include an
investigation of the acquisition of antibodies against various candi-
date Poovivax vaccine antigens,
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Abstract

Mast cells (MCs) participate in all stages of skin healing and ane of their medialoss s the
Annexin A1 protein {AnxA1), inked to inflammation, proliferation, migration and apoptos:s
processes, but not studied in thermal burns yet. Therefore, our objectives were to evaluate
the behawior of MCs and AnxA1 in a second degree bum model, treated or not with silver
sulfadiazine 1% (SDP 1%) and associated to macrophages quantification and cytokines
dosages. MCs counts showed faw cells in the early stages of repair but increased MCs in
the final phases in the untreated group. The normal skin presented numerous tryptase-posi-
tive MCs that were reduced after burming in all anatyzed periods. Differently, few chymase-
positive MCs were abserved in the early stages of healing. however, increased chymase-
positive MCs were found at the final phase in the untreated group, MCs also showed high
immunoreactivity for AnxA1 on day 3 in both groups. In the tissue there was a strong protein
expression in the earty stages of healing, but in the final phases cnly in the SDP treated ani-
mals. TNF-a, IL-18, IL-6, IL-10 and MCP-1 lavels and macrophages quantification were
ncreased in Inflammation and reepithekalization phases. Reduced IL-15, IL-6 and IL-10 lev-
els and numerous macrophages occurred in the treated anmais during tissue repair, Our
results indicate modduiation in the profile of MCs and AnxAlexpression during healing by the
treatment with SDP 1%, pointing them as targets for therapeutic interventions on skin burns.

Introduction

The tissue repalr process in the healing of burms can be divided into phases of inflammation,
proliferation and maturation, where each stage orchestrates the beginning of the next phase
[1-4]. The maturation phase is characterized by neogenesis of the epithelial appendages and
the extracelular matrix (ECM) remodeling, but pathological scars may be formed due to
excessive collagen synthesis [1].

Among the mediators involved in inflammation, there are the pro-inflammatory cytokines
interdeukin1 beta (IL-10), [L-6, tumor necrosls factor-alpha (TNF-c) and the anti-inflammatory
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cytokine IL- 10, which differ in their expression during wound healing |5-7|. The initial phase
also invalves the release of cytes ch ttractunt protein-1 (MCP-1), that attracts macro-
phiges and mast cells (MCs) [8.9].

The MCs have important functions in the different wound repair phases [ 10], In the process
of degranulation, MCs relense chemotactic factors and specific profeases, such as tryptase and
chymase, to the ECM contributing to the degradation of ECM, promotion of angiogenesis and
tissue remodeling through selective proteolysis in the matrix and activation of matrix metallo-
proteinases (MMPs) [11-13], Previous investigations have also indicated the importance of
chymase in the healing process of burn in rats, refated to the density of capillaries and accumu-
lation of collagen [12.14]. The variable expression of proteases has bed 1o the recognition of
MCs subpopulations in humans and musines [15.10].

Moreover, studies have idicated that the granules of MCs store the protein annexin Al
(AnxAL) [17,14], the first cloned member of the superfamily of annexine protelns. The annexins
are grouped according 1o their structural characteristics and display a central domuin consisting
of four replicates of 60 to 70 amino acids each, with affinity for Ca'' and connected to a N-termi-
mal sequence, which confers specificity of action for each member of the superfamily [19]. The
AnxAl protein presents various functions related o inflammation [20.21] growth [22], migra.
tion, cell proliferation and differentiation, besides membrane transport and apoptosis [21.23],

In the skin under normal conditions, the expression of AnxAl is reduced | 24], however,
abnormal distribution and expression of the protein hive been observed in inflammations and
skin tumors [ 24-27] and mucosal injury [24- 30, The AnxAl is strongly expressed in skin
lestons in lupus [ 27}, in differentiated squamous cell carcinoma {24) and melanoma [26]. In
patients infected with Leidomama Iraziliensis, the expression of AnxA | was stronger in micro-
phages CD1634 and lymphocytes CD44 und CD8+ on infected skin compared 10 normal skin
| 31]. Immunohistochemical analyzes, in & model of granulomatous inflammation, showed
strong expression of AnxAl in MCs in the initial {7 days) and late (28 days) phases of the
inflammatory reaction [25].

The AnxAl was also indscated as the key mediator in the death of keratinocytes tn Stevens-
Johnson syndrome and in toxic epidermal necrolysis, important cutaneous drug reactions
[32]. The pharmacological treatment with the mimetic peptide of the N-terminal reglon of
AnxAl (Ac2-26) was used in different models of studies. In vitro investigations indicated that
the peptide was able to stimulate the migration of human fibroblast WS1 lineage [33]. In in
vivo studies, they also showed protective peptide effects with increased skin transplant survival
in allograft model in rats [34] and improvement in the healing process of excisions in mice
skins, observed in 4 dose-dependent manner [35], However, there are no known reports on
the expression and function of AnxAl in the repair of burns,

As MCs and AnxAl have been little explored in burns, the aim of this study was to analyze
the profile of these cells by the ossessment of their number and heterogeneity for trvptase and
chymase, and also to evaluate the expression of AnxAl in MCs and in skin flaps in a second
degree burn moded using the sitver sulfadinzine at 1% (SDP 1%), considered the standard treut-
ment for partial thickness burns due to its antimicrobial properties [ 16,37 ]. The results of
these analyses may be useful for a better understanding of t he role of MCs and the protein
AnsAl In the wound healing process,

Materials and methods
Animals

Wistar rats (n = 40) welghing approximately 250 were obtalned from the Integrated College
Padre Albino Foundation (FIPA). The animals were kept in cages in a controlled environment
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(24 10 25°C, 12h light/dark cycle) with water and food ad libltum. The experiments were con-
ducted after approval and in accordance with the rules of the Ethics Committee for Animal
Use of FIPA (Protocol 12/14).

Experimental model of burn and treatment protocols

The animals were anesthetized intraperitoneally with 0.2mL/100g of ketamine and 0.05mL/
100g of xylazine and submitted to trichotomy of the dorsal region, after a metal block with
dimensions of 2x2cm” and water heated to 100°C was applied for 10 seconds to characterize a
second degree burn [38]. Immediately after the trauma, the lesions were covered with gauze
moistened in cold saline solution. The animals were given analgesic codeine (ImL/kg) right
after the injury induction by gavage and it was offered diluted in drinking water on the follow-
ing days. The control of water intake and weight of the animals was daily performed.

The topical treatments were begun 24h after the induction of burns, The wounds were
cleansed with saline daily. Regarding the treatment, two groups were established. One group
was the control group and it recetved no treatment (C Groups), the other group was treated
with SDP 1% ointment (SDP Groups) once a day, Each group, control and treated, was
subdivided into 4 groups according 1o the time the lesion was collected, {n = 3/group) so that
different phases of the tissue repair could be analyzed. Thus, the animals were euthanized by
overdose of isoflurane for the lesions removal after 3, 7, 14 and 21 days of injury. For compari-
son of the physiological state of the tissue in relation 1o fragments of regenerated skin, normal
skan flaps (n = 5) were also taken from control animals, from not burned reglons of skin. The
animals’ water and food intake and their behavior in the cages were monitored daily, A veteri
narzan followed the wounds 1o check for signs of infection. No animal died as a result of the
injuries,

Quantitative analysis of cytokine levels

Pragments from all groups were macerated in liquid nitrogen and added 650pL of a solution
containing protease and phosphatase inhibitors (Merck, Millipore Corporation, USA) follow-
ing the manufacturer’s instructions. The material was incubated for 20 minutes at 4°C under
constant agitation and then centrifuged at 14,000 RPM for 10 minutes ut 4°C, The superna-
tants were collected and frozen at -80°C.

TNF-e, IL-1§8 IL-6, [L-10 and MCP-1 were quantified in the supernatant using the MILLI-
PLEX MAP Kit (RECYTMAG-65K; Merck Millipore Corporation, USA) and analyzed on the
Luminex XMAP MAGPIX device {Merck Millipore Corporation, USA). The concentration of
the analytes was determined by the MAGPIX sPONENT Software and expressed in pg/mL.

Histopathological analysis and quantification of cells

Fragments of normal skin and lesions were fixed in 4% formalin, processed for inclusion in
paraffin and sectioned at 5um for histopathologic, quantitative and immunohistochemical
analysis. The repair process was evaluated histologically by Hematoxylin- Eosin (HE) and the
organkzation of the collagen fibers was evidenced by Picrosirlus Polarization method.

MCs were stained with 0.1% tolusdine blue (TB+ MCs) and evaluated according to their
morphological characteristics in mtact or degranulated, The histamine accumulation by MCs
was evidenced after staining with 2.5% Safranin-O (S-O+ MCs) [16,39,40]. The quantification
of MCx in the skin fragments was performed in 10 imuages per dide obtained by 40X objective
in a Leica microscope (DM300), The arcas of each tissue were obtained using the Leica Image
Analysis Software.
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(24 10 25°C, 12h light/dark cycle) with water and food ad libltum. The experiments were con-
ducted after approval and in accordance with the rules of the Ethics Committee for Animal
Use of FIPA (Protocol 12/14).

Experimental model of burn and treatment protocols

The animals were anesthetized intraperitoneally with 0.2mL/100g of ketamine and 0.05mL/
100g of xylazine and submitted to trichotomy of the dorsal region, after a metal block with
dimensions of 2x2cm” and water heated to 100°C was applied for 10 seconds to characterize a
second degree burn [38]. Immediately after the trauma, the lesions were covered with gauze
moistened in cold saline solution. The animals were given analgesic codeine (ImL/kg) right
after the injury induction by gavage and it was offered diluted in drinking water on the follow-
ing days. The control of water intake and weight of the animals was daily performed.

The topical treatments were begun 24h after the induction of burns, The wounds were
cleansed with saline daily. Regarding the treatment, two groups were established. One group
was the control group and it recetved no treatment (C Groups), the other group was treated
with SDP 1% ointment (SDP Groups) once a day, Each group, control and treated, was
subdivided into 4 groups according 1o the time the lesion was collected, {n = 3/group) so that
different phases of the tissue repair could be analyzed. Thus, the animals were euthanized by
overdose of isoflurane for the lesions removal after 3, 7, 14 and 21 days of injury. For compari-
son of the physiological state of the tissue in relation 1o fragments of regenerated skin, normal
skan flaps (n = 5) were also taken from control animals, from not burned reglons of skin. The
animals’ water and food intake and their behavior in the cages were monitored daily, A veteri
narzan followed the wounds 1o check for signs of infection. No animal died as a result of the
injuries,

Quantitative analysis of cytokine levels

Pragments from all groups were macerated in liquid nitrogen and added 650pL of a solution
containing protease and phosphatase inhibitors (Merck, Millipore Corporation, USA) follow-
ing the manufacturer’s instructions. The material was incubated for 20 minutes at 4°C under
constant agitation and then centrifuged at 14,000 RPM for 10 minutes ut 4°C, The superna-
tants were collected and frozen at -80°C.

TNF-e, IL-1§8 IL-6, [L-10 and MCP-1 were quantified in the supernatant using the MILLI-
PLEX MAP Kit (RECYTMAG-65K; Merck Millipore Corporation, USA) and analyzed on the
Luminex XMAP MAGPIX device {Merck Millipore Corporation, USA). The concentration of
the analytes was determined by the MAGPIX sPONENT Software and expressed in pg/mL.

Histopathological analysis and quantification of cells

Fragments of normal skin and lesions were fixed in 4% formalin, processed for inclusion in
paraffin and sectioned at 5um for histopathologic, quantitative and immunohistochemical
analysis. The repair process was evaluated histologically by Hematoxylin- Eosin (HE) and the
organkzation of the collagen fibers was evidenced by Picrosirlus Polarization method.

MCs were stained with 0.1% tolusdine blue (TB+ MCs) and evaluated according to their
morphological characteristics in mtact or degranulated, The histamine accumulation by MCs
was evidenced after staining with 2.5% Safranin-O (S-O+ MCs) [16,39,40]. The quantification
of MCx in the skin fragments was performed in 10 imuages per dide obtained by 40X objective
in a Leica microscope (DM300), The arcas of each tissue were obtained using the Leica Image
Analysis Software.
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Fig 1. Macr pic and histopathologh ysis of the healing p ina d degree burmn. (a)
C3 and (b) SOP3. intlammation phasas, with leukocytas intux and presence of B0POcytes in botn groups. (¢}
C7 and (d) SDP7. proifaration phasa with re-opihelaization (arows). Up % 7 days woakly stained collagen
tbers (83, b3, €3 and &3] and low birelnngent afar polarzation (a4, b4, of and d4) in the dermis of both
groups. (o) C14 and (1) SDP 14, complete reepithelalzation and fast healng m SDP 1% group (@1 and 11)
Demis and hypodearnms (62 [2-—artows) ére batter organized and colagen 1bers more strangly staned in the
group reated with SOP 1% (a3, 83). (g) C21 and (n) SDP21, remodeling phase, the apthelial attachments (g1
N1, g2, h2—arrows) may be observed in largar amourt and with incressed birefringance under polarized light
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n e groups treated with SO 1% (4 and nd). Normal Skon {i). (a1, 01, ¢1, 01, @1, 1, g1, n1andit)
Macroscopic anaksys. (a2, b2, c2, d2. 82, 12, g2, h2 and @) Staining: HE. Bars 500 pm. Picrossinus staming
without (a3, 53, €3, d3. €3, 13, g3, h3 and i3) and afler (ad, b, 04, dd, o4, 14, 4. hd and I4) polarizabon, Bars
200pm

600101371 fourmal pons 0173417.9001

INF-ut leveds were found in both groups compared to N (p<0.001) and also to previous phase
(C7: 15418 £ 27,14, p<0.001 vs C3; SDP7: 14398 + 3191, p<0.001 vs SDP3; Fig 2A).

The IL-1p dosages indicated a significant increase in both groups, on days 3 and 7 compared
10N group (N: 224.22 = 21.21; C3: 530,64 £ 94.37; p< 0,05, SDP3: 58294 £ 99.01; p<0.01; CT:
6AL79 2 122.76; p< 0.01; SDP7: 684.68 + 140.04; p< 0.007; Fig 28). Interestingly, in the next
period, there was o higher amount of this cytokine in the C14 group in relation to N (p<0.001)
and reduction of these levels in SDP 4 group compared to the previous phase (p<9,65) and the
control group (C14: 901.29 £ 70.61; SDP14: 314,39 2 7983, p< 0.00] v5 C14; Pig 28).

Regarding the IL-6, overexpression (p< 0.001) of this cytokine was observed in the lesions
collected on day 7 compared to N (N; 0,49 £ 0,02; C7: 9192.64 + 2743.42: SDP7: 510097 +
1600.30; Fig 20), with lower dosage in SDP7 (p< 0,001 ) compared to C7 group,

The quantitication of IL-10 showed higher levels in the inflammation (N: 1567 £ 12.76,C3;
157.19 2 21,29, p< 0.05 SDP3: 262.90 + 68,59 p< (,00]; Fag 2D) and cell proliferation phases
(C7: 347.06 £ 63.59; p<0.021; SDP7; 202,02 + 66,58; p<0.01; Fig 210}, in relation to N, Again,
the treatment with SDP 1% reduced the cytokine levels on day 7 compared to control (p<0.01).

Finally, the dosages of the MCP-1 chemokine showed elevated Jevels (p< 0.001) on days 3
and 7 of the healing process in relation to N (N: 100.27 + 50.95; C3; 6525.44 + 1569.07; SDPX.
805184 £ 1520.58; C7: 6774.98 + 467.06; SDP7; 6796.24 + 845.05; Fig 2E). Similarly, in the
quuntification of macrophages (Fig 20, there was an increase (p< 0.001) in the number
of these cells in both groups 3 days after the injury compared to N (N: 16,15 + 4.43: C3:

60 £ 19.41; SDP3: 75 + 2268 Fig 2F), However, in the next phase, only the SDP7 group pre-
sented numerous macrophages compared to N (SDP7 70 £ 5.77; p< 0.007; Fig 2F).

The number and morphology of the MCs are modulated by treatment
with SDP 1%

After confirming the lesion model, we quantified the MCs in the region of the leston as evi-
denced by the Toluidine Blue dye and morphologically differentiate these cells between intact
mxast cells, that s, cells with well-defined contour and that are not in the clear process of releas-
ing the <« s of their cytoplasmic granules (Fyg 3A and 3F), and degranulated MCs with
irregular contours and dispersed granules (Fig 18 und 1C). Quantification of MCs showed a
large number of intact celly in N (N: 74,97 £ 5.84; Fig 3A and 3G). On days 3and 7, in bath
groups, there was a significant decrease in the total number of MCs compared to N (C3:
30.94 £ 4.89; SDP3: 18.28 + 3.08; p<0:80.01 = 6.01: C7: 1851 £ 8.1 SDP7: 3955 £ 13.29
P<OOF Fig 38 3C and 3. In the SDP group, the MCs were observed mostly degranulated 7
days post injury (SDP7:32.73 2 22,55, p< 0,05 vs N: 5.09 ¢ 1.97; Fig 3H).

In the final phases of repair, the amount of MCs increased only in C group. These cells
were observed mostly degranulated 14 days post injury (C14: 59.88 £ 12,87 p< 0,05 vs SDP14:
3831 £ 9.55; Fig 30 and 2H) but intact after 21 days (C21: 53,75 4 6.81 p< 0.001 vs SDP21:
15.66 + 5.66; Fig 3F and 1H)

Histamine storage by mast cells during healing

After observing the modulation promoted by SDP 1% in MCs, reducing their amount in the
final stages of repair, as well as the number of degranulated MCs, we analyzed the histamine
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accumulation in the citoplasmatic granukes of MCS during the tissue repair by reaction to §-0
(Fig A1) [(40)]. Then, the quantification of the TB+ MCs {Total MCs) was compared to the S-O
+ MCs (MCs with accumulation of histamine) (Fig 51),

Numerous SO+ MCs were observed in N (S:O+; 70 £ 7.01; Fig M) In the lesions, a marked
difference betweoen TB+ MUs and S-O+ MCs occurred on day 7 only in the SDP group (SDP7
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avidenced by Toluktine blue or Satranin-O, with few MCs S-O+ (MCs histamine storage) in SDF7. C14 and
S0P 14 compared 1o 1ha MC TB- (total MCs in the tissue). () MC stained with Safranin-O (MC 5-0+). (k)
reactive MC far ¥yptase (MCT) and (1) chymase (MCC); Bars 50 prn. H > y of MCs, showing many
MCTs (m) in N and numerous MCCs (n) in G21. Values are prasented as mean & S EM. (n = S'group). *
p<005vsNand y p<0.007 vsC14

ol 10,1371 fowmal pone 0173417 9003

TB+:39.55 1 29.73 p< 001 vs SDP7 §:O+: 3.94 £ 1.28; ig A1) and on day 14 in both groups
(CIATB: 76 £ 1314 p<0,01 i CLAS 0924217 £ 10,51 SDPI4 TB4: 419 £ 11.01 p<0.05 w5
SDP14 S-04: 20.83 + 5; Fig 31), This difference between TB+ MCs and 5-04 MCs occurred in
the same periods in which these cells were in degrunulation process. It indicates little sccumu-
lation of histamine within MCs in these periods, possibly doe to degranulation,

Treatment with the SDP 1% influences the heterogeneity of MCs

To analyze the heterogeneity of MCs during the healing process these cells were quantified
after immunohistochemistry for the tryptase (MCT: Fig 2K) and chymase (MCC; Pig 2L),

In the N group, the MCs were mostly tryptase + (MCT: 33,3 £ 479 Fig WM MCC: 187 ¢ 21
Fig 3N).

At all stages of tissie repair a reduction of MC'Ts was observed in both groups compared 1o
N, with greater differences (p<0.001) in the early stages (C3: 8.5 £ 257 SDP3: 1.5 £ 061: C7:
15 £ 568, SDP7: 2.5 4 1.93; Fig IM) than in the final stages of repair (C14: 18,65 £ 7.81;
P05 vs NiSDPLE: 10.5 £ 4.56; p< 0.0 vs N; C21: 18.75 2 9.60;, p<0.05 vs N: SDP21:

13.12 £ 2.77; p<0.0] vxN; Fig SM),

On day 3 of the healing, there was & reduction in the number of MCCs {p< 0,001), com-
pared to N group (C3: 4 = 1.27; SDP3: 0.87 £ 052; Fig IN), however, after 7 days of injury, the
amount of MCCs was reduced (p<0.05) only in SDP7 compared to N group {C7: 125 £ 4.67;
SDP7: 2.8 £ 1.64: Fig AN). On day 14, the treated group showed fewer MCCs (p<0.01) com-
pared to CH(C14: 2475 = 5.37; SDP14: 5 £ 2.23; Plg SN, Finally, after 21 days of bum lesion,
increased MCCs were found in C21 group in relation to the other groups (C21: 60 = 21,21,
P<OO0] v N and p<il0] ve C14; SDP21: 18.75 4 5.90, p<0.00] vx C21; Fig 3N),

The expression of AnxA1 in the cytoplasm of MCs, epidermis and dermis
varies during the wound healing

A reactivity for the AnxAl protein was observed in the cytoplasm of MCs (Fig 41 and 1M,
The densitometric analysis showed increased immunostaining for AnxAl (p<0.001) in the
phase of inflammation, in C3 and SDP3 groups compared 1o the others (Fig 1K), The specific-
ity of the immunolabeling was checked by control of the reaction and the counterstaining with
T in serial sections,

I the tissues, there was reduced AnxAl protein expression in the normal skin (Fig 4G, 1]
(<0001} in both groups in the epithelium, especially in keratinocytes (Fig 41) and stroma
(Ig 1)) compared 10 N, especially in the C3 group (p<0.05; Fig 41 and 4)).

On day 7. the AnxAl expression remained increased with respect to N (Fig 4C and D), in
regions of reepithelization (C7: p< 0,05 SDP7: p<0.001; Fig 41) and in the dermis (p<0.001;
Fig A1), However, the SDP7 group showed higher immunostaining for AnxA 1 compared to C7
group (p< 0,05 Fig 40 and 41).

Affer 14 days of injury, the immunoreaction for AnxAl was high only in the epithelium in
C (p<0.01) and SDP groups (p< (L.05) compared 1o N (Fig 41). Thereatter, further increase of
the protein expression occurred in SDP21 group (Fig 4F) compared to N and C21 groups
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hamatoxylin. Bars 50pm. Optical densitomatry of Immunostained AnxA1 i (i) Epithalum and () Stroma. (k)
Denstomatnc analysis of AnxA 1 in tha cytoplasm of MCs, Valuas are presentad as mean 2 SE M (n=5/
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(Fig 4E) in the dermis (SDP21: p< 0001 v N; p< (105 vs C21; Fig A)) und epidermis (p< 0001
v N and C21; Fig A1) especially observed near the epithelial appendages development.

Discussion

Burns are complex trawmas, with high morbidity and mortality rates {11.42] and generate
strong economic and psychosocial impact due 1o treatment time [13].

In burn lesions, the interactions between inflammatory cells, chemical mediators, growth
factors and ECM, coordinate the healing process, and angiogenesis is essential for tissue
remodeling [4.44]). The MCs and the anti-inflammatory protein AnxAl are important in the
wound repair and angiogenesis processes [ 10,34,35,15], However, the biological roles of MCs
and AnxA | are still poorly explored in burns, For these reasons, in the present study we inves-
tigated the heterogeneity of MCs and the expression of AnxA L during the healing process of
second degree lesions in control animals and animals treated with SDP 1%,

Histopathological findings confirmed the depth of the injury 4s a superficial second degree
burn [ 38] and also the best regeneration in the treated group | 36.46]. Furthermore, on day 21
of the repair process, the analysis of the lesions showed formation of epithelial appendages,
especially in the SDP group. The appendages are functional parts of the skin, thevefore, a fast
regeneration is important to the restoration of normul anatomy, structure and function [1].

Next, knowing the importance of the inflammatory mediators, levels of TNF-ou 1L 1, IL-6,
IL10 and MCP-1 were quantified in the supernatant of the macerated fragments. On days 3
and 7, the dosages of IL- 1§ IL- 10 and MCP-1 were increased compared to normal skin. Difter-
ently, the higher levels of 1L-6 were observed only 7 days post injury, The TNF-a dosages were
clevated in both burned groups on day 7, but only in the control group on day 3. Increased lev-
s of [L-1f were also found in the control group 14 days after injury, The results of our mea-
surements are consistent with other studies in skin burns [5-9,47].

The pro-inflammatory cytokines TNF-o. IL-1f and IL-6 and the chemokine MCP- 1 are
important for leukocyte recruitment and reepithelialization [8]; nevestheless, the prolonged
inflammation can be harmful [ 3. However, our evaluations showed that the treatment with
SDP 1% decreased levels of IL-6 and 1L-18and increased the dosage of MCP-1 on day 7.
Besides, the macrophage quantification followed the eytokines levels, In an 1 vitro study, the
dosage of MCP-1 was decreased in fibroblasts derived from kelolds, emphasizing the protec-
tive role of MCP-1 in the healing process [14], This chemokine is redeased primarily by kerau-
nocytes near the injury and recruits monocytes, macrophages, lymphocytes and also MCs
[8.9].

After verifying that the model used in this study was suitable for the induction of second
degree burns, we proceed to the analysis of MUs, The MCs were observed in large quantities
and mainly intact in the dermis of the normal skin, with a significant reduction of wtal num-
ber on days 3 and 7 after injury, as in other investigations [ 512,14}, In addition, mice deficient
in MCs presented an impaired skin wound closure, indicating the importance of the mediators
of these cells to this process [19].

Later, in the following phases, there was an increase of MCs number in the untreated
group, as also observed in other studies [ 2,14]. The MCs were found especially degranulated
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on day 14, but intact 21 days after injury in the control group. The reduction of these cells in
the treated group may be related to the leukopenic property of SDP, due to cytotoxicity pro-
moted by the drug components o stem cells from bone marrow | 146,50,

Several in vivo and in vitro studies have linked the increased presence of MCs with the pro-
liferation of fibroblasts and formation of kedolds [51-55], Thus, the control of MCs prolifera-
tion in the repair of the skin lesion is an important therapeatic 2y in the tr tof
burn patients, Still, in the later stages of healing, a decrease in the number of macrophages and
an increase in the number of MCs [V] were observed, characteristics which were also found in
our cell quantifications,

With that in mind, following the investigation, we studied the histamine accumulation and
heterogeneity of MCs. The process of histamine accumulation was verified by S-O+ MCs,
comparing these cells 10 TB+ MCs. Our results showed differences in the number of TH+ and
S§-O+ MCs in the same periods in which these cells were found 1o be active, corroborating that
the MCs were still releasing the content of their granules in these periods.

Regarding the heterogeneity of MCs for tryptase and chymase, after 3 days of burn,
decreased immunoreactive cells were observed for both proteases. The reduction in the num-
ber of MCTs remained in all examined periods of wound healing, These results are in ugree-
ment 1o another study |56] that showed the teduction of MCTs and MCCs in human skin
recent wounds. The same study found increased tryptase activity in older scars when com-
pared 1o normal human skin, In addition, tryptase is considered a biomarker for mastocytosis
[57]. Given the MCCS, our analysis showed reduced cells in the initial phases, but numerous
MCCs were observed in the lesions from day 14, In the lesions of the untreated groups, the
increased MCCs in the late phases of repair match with the elevated 1L-1) levels found in our
quantifications and are in line with studies that indicate the involvement of chymase in the
cleavage of pro-1L-1§ to IL-13, activating it [38]. Furthermore, these results indicate the refa-
tion between the MC histamine storage and chymase accumulation and are in agreement with
# study that demonstrated the importance of histamine o the maturation of MCs and accumu-
lation of proteases |40}, Additionally, other in vitro study demonstrated that during MC matu-
ration process, the chymase is expressed by most cells und in larger quantities than tryptase
| 39}, indicating again that, in our model, these cells are in the process of infiltration and matu-
ration in the newly regencrated tissue.

Besides that, several studies associate the chymase to the formation of fibrosis and keloids
1052556061 ] While otber mvestigations indicate that both tryptase and chymase are
important for collagen degradation [13,49,56,62 ). Thus, our results reinforce that the heteroge-
neity of MCs, In different perbods and in response 1o treatment with SDE 1%, i related to their
function in the cellular microenvironment, indicating that the MCs actively participate in the
remodeling phase of the repalr process.

Continuing our study, we evaluated the expression of AnxA1 in the MCs cytoplasm, during
tissire healing and normal skin, Our evaluations showed strong MC immunoreactivity for the
protein, mainly on day 3 in the inflammatory phase in both groups, These results are in accor-
dance to different investigations that alo showed the presence of AnxAl in the granules of
MCs [17-19,63] with increased synthesis dunng the inflammatory processes (03],

Due to the importance of AnxAl, demonstrated by the pharmacological treatment with the
mimetic peplide Ac2-26 in a skin allograft model in rats that increased the survival of the
trunsplantation related to inhibition of neutrophil transmigration and induction of apoptosis,
reducing tissue damage, | 34] and also by the application of hydrogels containing the AnxAl
peptide that provided rapid bealing of dorsal wounds in mice {15], we analyzed the expression
of Anxal in the epidesmis, especially in keratinocytes, and b the dermis during the healing
process on burns. In the tissue evaluations, a weak immunostaining was found in normal skin,
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in accordance with previous studies [ 24,64]. However, an Increased AnxAl expression was
observed in both groups 3 and 7 days after injury, which was observed strongly expressed in
the dermis and in reepitheliabization. These results redate the expression of AnxAl 10 the
inflammatory process, corroborating with other researches in different models of inflamma-
tion [20.65], and are also in agreement with studies that have shown the participation of
AnxAl in the process of cellular proliferation [21] and epidermal proliferation [24]. Other
studies have indicated the importance of AnxAl in different pathological processes, such as in
inflammations and neoplasias [26,64], in the intestinal mucosa during the closure of intestinal
epithelium lesions [28-30), migration and peoliferation of endothelial cells {22}, differentiation
of keratinocytes | 24] and their stratification und keratinization [{66) and also in the motility of
tibroblasts [67].

In the remodeling phase, on day 21, higher immunostaining for AnxAl was observed in the
SDP group, both in the stroma and epithelial regions, especially close 1o the neogenesis of hair
follicles and glands. The presence of AnxAl was detected in the duct of sweat glands, demon-
strated by in situ hybridization, in another research [64). In addition, studies have contributed
to the undaaundlng of the AnxAl antifibrotic properties in the matrix of different organs, by
decr infla ion and subsequent development of fibrasis [68] or by acting directly on
the phcmn)yc of fibroblasts, reducing the expression of collagen, ¢-smooth muscle actin (-
SMA) and the growth transformation factor (TGE-P1) [69,70), Therefore, our results indicate
the rofe of AnxAl in tissue repair in burns, both in epithelial regeneration as in the protection
against keloid formation,

Moreover, [L-6 and TNF-a can be linked to AnxAl expression [71]. Although 1L-6 can
induce the expression of AnxAl [19], in turn, the AnxA1 can equally reduce TNF-cand IL-6
expressions | 7 1], which explains the modulation of these cytokines during the repair process
after 7 days of injury and in the SDP group, when the AnxAl expression was increased. Our
observations also indicated increase in 1L-10 levels in the phases of inflammation and cell prolif-
eration, that is again coincident with the phases in which the AnxAl protein expression is
h:ghcr int the lesions. While mr'mﬂ.\mmalotv cytokines perp infla ( mhcr mech-
results suggest that AnxAl protein .md IL-10 act (ogclhcr in the burn healing pmusea

In general, our investigation revealed that degranulation of MCs in the early phases of
wound healing is important for modulation of the microenvironment with the secretion of
proteases and the AnxAl protein, which may stimulate the release of chemical mediators such
as INFoo, IL-1 L6, 1L-10 and MCP-I, Furthermore, our analysis showed that treatment
with SDP 1% premotes slower repopulation of the tissue by MCs, controlling mainly MCCs,
which may exert a protective effect against the formation of keloids. In addition, our studics
revealed increased expression of the protein AnxA |l especially in the treated group, concomi-
tant with keratinocytes proliferation and differentiation and also stromal remodeling, with the
possibility of anti-fibrotic action.

Altogether, our data show modulation in the number, degranulation state, maturity und het-
crogeneity of MCs, and the refation of these celis with the AnxAl and cytokines expression dur-
inyg the tissue repair process in a model of second degree burn. However, additonal studies are
needed 10 better understand the biological role of MCs and their mediators, the AnxAT protein
among them, during the phases of skin repair in bums in the search for sew therapeutic tools.
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Certificamos que o projeto intitulado “Atividade da
fosfoetanolamina sintética em modelo de carcinogénese experimental”,
protocolo n® 12.1.124.20.2, sob responsabilidade de Lucas Ribeiro de
Azevedo e Gabriela Silva Bisson que envolve a manutencao efou utilizacao
de animais pertencentes ao Filo Chordata, subfilo Vertebrata (exceto o
homem) para fins de pesquisa cientifica encontra-se de acordo com os
preceitosa da Lei n© 11,794, de 8 de outubro de 2008, do Decreto n° 6.899,
de 15 de julho de 2009, e com as normas editadas pelo Conselho Nacional
de Controle de Experimentacdo Animal (CONCEA), e foi aprovado pela
Comiss3o de Etica no Uso de Animais da Prefeitura do Campus de Ribeirdo
Preto (CEUA PUSP-RP) na Reunido Ordinaria da CEUA de 10/08/2012.

Vigéncia do Projeto 01/08/2012 a 31/07/2013
Specie/Linhagem | Camundongo heterogénico CS7/BL6
N° de animais 120
Idade/Peso 6 a 8 semanas /25 gramas
Sexo Macho
Origem Biotério Central PUSP-RP

Ribeir3o Preto, 10 de agosto de 2012.
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ProfaDra Angelita ﬁaria Stabile
Vice Presidente da CEUA EERP

Avenida Bandeirantes, 3900 — CEP 140409-900 — Ribeirso Preto — SP
Fone: (16) 3315 3386
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COMISSAO DE ETICA NO USO DE ANIMAIS — IBILCE/UNESP-CSJRP
CERTIFICADO

Ceriificamos que o projeto/disciplina de pesquisa infifulado “Andlise
morfofenofipica e funcional dos mastécitos no cancer colorretal”, protocolo
n° 118/2015 — CEUA, sob a responsabilidade da Professcra Doutora Sonia
Maria Oliani, que envolve a produgdo, manutengGo efou ufiizagdo de
animais periencentes ao filo Chordata, subfic Vertebrata para fins de
pesquisa cientifica (ou de ensino), enconira-se de acordo com os Preceitos
da Lei n® 11.794, de 08 de outubro de 2008, do Decreto n® 6899, de 15 de julho
de 2009, e com as nomnas editadas pelo Conselho de Nacional de Conirole
da Experimentagdo Animal (CONCEA), e foi aprovado pela COMISSAO DE
ETICA NO USO DE ANIMAIS (CEUA), do IBILCE/UNESP. em reunido de 01 de
setembro de 2015.

Vigéncia do Projeto 01 de setembro de 2013 a 03 de margo de 2017

Espéciefinhagem Camundongo heterogénico (Balb/c)
Camundongo Knockout (Balb/c)

N°® de animais 24 camundongos heterogénicos (Balb/c)
24 camundongos Knoeckout [Balb/c)

Peso/idade De 20 a 25 gramas
De 8 a 10 semanas

Sexo 48 fémeas

Origem Biotério USP/FCF

SGo José do Rio Preto. 13 de setembro de 2013.
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Prof. Dr. Luiz Hehrique Florindo
Presidente da CEUA

Instituto de Bociinclas, Lelras e Ciénclas Exatas - ComissSo de Bica no Uso de Animals
Rua Cristovdo Colomdo, 2245 - Jardim Nooareth « CEP 15054000 580 José do Rio Preto - 5P « Brast
Tet (17) 32212428 [ 32212563
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Anexo 4. Comprovante de submissdo do manuscrito

Detailed Status Information

Manuscript #

urrent Revision #

{IBILCE/UNESP) , Mrs. Marina Siiva (US®) , Dr. Diego Miranda
[EERP/USE) , Dr. Gabriela Pereira-da-Silva (EERP/USP) , Prof. Sandra Farsky (USP)

Badoground: Coloredtal cancar (CRC) Is a frequently aoouring disease in westem countrias
Ith poor prognosis, Mast cells (MCs) are involved In cardnogens-assodated damage in
the gastrointestinal tract; therefore, knowledge of MCs recruitment and functions is
pheotal to comprehension of CRC genesis, Annexin Al (AnxAl) is a protein expressed by
MCs that modulates gastrolntestinal tumoural development, Here we evaluated the role
AnxAl in the functional response of MCs in CRC cardnogenesis induced by N-meathyl-
M"-nitro-N-nitrosoguanidine (MNNG).

Methods: Wild type (AncAl +/4) and AnxAl-defident (Andl~/-) male Balb-c mice
recehved Intra-rectal instillation of MMNG (4pgul-1) or PBS (100pL), and Intestinal tissue
as recovered 4, 24 or 48 hours later, MCs-suffident WE/BS (KKit+/+), genetically MCs-
eficient WEBESFL -BIEW,KItW-v (Kit-/-) and Kit-/- reconstituted with Kit+/+ MCs recebed
Intra-rectal Instillation of MMNNG or PBS (dpgul-1) twica a week for four consaoutive

eaks, and intestinal tissue was mllected 24 weeks after the first instillations.

Results: MNNG damagead the tissue and increasad the expression of AnxAl in epithelial
alls, The besion and MCs numbers were higher in Arnccd 1+~ mice. Increased levels of pro-
Inflammatory cytokines were found In the CRC tissue of AnxAl-f-. Higher and kower
numbers of chymase and tryptasa-positive cells, respactively, were observed in the
presence of AnccAl. Ak the late phase of CRC, Immunossupression was detected in CRC

& with higher recrultment of MCs, AnxAl expression and epithelial proliferation,

ich were not detected In Kit</- strain. Furthermore, the MNNG-induced lesion was
reducad in Kit-f/- mioe, Reconstitution of MCs to Kit-/- mice induced epithelial lesion and

profiferation and Immunossupression,

onclusions: Our results show the pivotal partidpation of MCs in the initial and late phase
CRC and highdight the interplay of MCs and AmcAl on both the indthal and late phase of
BpESIS,

tokines, MCs-defident WEBBGF1 -KIEW/KitW-v mice, Immunossupression, Ancdl deficlent
ase mast cells

Bdological sdences/lmmunology/Innate immune oells
Biological sdenoesCancer/Cancer microenvironment
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