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RESUMO

Quimiocinas e receptores de quimiocinas tém assumido relevancia no contexto
da carcinogénese devido ao seu potencial de ativacdo de vias “pro-tumorigénicas”. A
expressao da quimiocina CCL3 e seus receptores (CCR1 e CCR5) foi demonstrada no
carcinoma de células escamosas de boca (CCEB), contudo, suas funcbes ainda ndo
foram definidas. Neste estudo, as funcdes do eixo CCL3/CCR1/CCRS5 na carcinogénese
oral quimicamente induzida foram avaliadas em camundongos geneticamente
deficientes dessas moléculas. Avaliou-se também a participacdo do receptor atipico de
quimiocinas ACKR2 — um “sequestrador” de quimiocinas CC que atuaria reduzindo a
disponibilidade de CCL3 e outras quimiocinas no sitio tumoral. Foram também
realizados experimentos in vitro utilizando linhagens de CCEB para analisar possiveis
efeitos diretos de CCL3 nestas células. Os resultados mostraram que lesbes de CCEB
quimicamente induzidas exibiram expressdo aumentada de CCL3. Camundongos
deficientes para CCL3 (CCL3") e CCR5 (CCR5™) tratados com o carcinégeno quimico
4-Nitroquinolina-1-6xido (4NQO) apresentaram reduzida formacao de tumores linguais
comparados aos selvagens (WT) e animais deficientes para CCR1 (CCR1™).
Consistentemente, a analise microscépica demonstrou atenuada atipia citomorfolégica e
reduzida proliferacdo nas lesdes de animais CCL3" e CCR5™ tratados. Verificou-se que
lesdes de animais CCL3"" exibiram expresséo reduzida dos fatores Epidermal growth
factor (EGF), Fibroblast growth factor-1 (FGF-1), Transforming growth factor-f1
(TGF-B1), Vascular endothelial growth factor-a (VEGFa) e VEGFb, as citocinas
Interleucina-6 (IL-6) e Tumor necrosis factor-a (TNF-o), moléculas de adesédo
Integrina-4 (ITGA-4) e Vitronectina (VTN) e metaloproteinases de matriz MMP-1a,

MMP-2 e MMP-9. In vitro, CCL3 foi capaz de induzir a invaséo e liberacdo de CCLS5,



IL-6, e MMP-2, MMP-8 e MMP-9 pelas células neoplésicas. O blogueio de CCL3,

utilizando anticorpo anti-CCL3 reduziu a invasdo das células neoplasicas.

Os animais deficientes do receptor ACKR2 (ACKR2") tratados exibiram
similaridade na formacdo de tumores linguais, € em pardmetros microscopicos quando
comparados aos animais selvagens. Além disso, observou-se uma expressao aumentada
das quimiocinas CCL3, CCL4, CCL5, CCL12 e dos receptores CCR1, CCR2 e CCR5,
além de citocinas pro-inflamatérias, fatores angiogénicos, moléculas de adesdo e
metaloproteinases de matriz nas lesdes de ambos o0s grupos tratados em comparagdo aos
controles. Entretanto, expressdo aumentada de CCL2, IL-6 e IL-17 foi verificada nas

lesGes linguais dos animais AKCR2™ em relacéo ao grupo WT.

Coletivamente, os dados sugerem a relevancia do eixo CCL3/CCR5 na
carcinogénese oral, sendo que CCL3 é capaz de afetar diretamente as células tumorais e
0 microambiente tumoral. O receptor ACKR2 ndo modificou o processo da
carcinogénese bucal. Estes resultados revelam potenciais efeitos protetores do bloqueio

de CCL3 no carcinoma de células escamosas de boca.

Palavras-chave: Quimiocinas, CCL3, CCR1, CCR5, ACKR2 e CCEB.



ABSTRACT

Chemokines and chemokine receptors have assumed relevance in the context of
oral carcinogenesis due to its potential activation of “pro-tumorigenic” pathways. The
expression of CCL3 and its receptors (CCR1 and CCR5) have been demonstrated in
oral squamous cell carcinoma (OSCC), however, their roles were not defined yet. In this
study, the roles of CCL3/CCR1/CCRS5 axis in chemically-induced oral carcinogenesis
were evaluated in genetically-deficient mice of these molecules. It was also evaluated
the roles of the atypical chemokine receptor ACKR2 — a scavenger CC chemokine
receptor that could reduce CCL3 and other chemokines availability at tumor sites. In
vitro experiments were also performed employing OSCC lineages to analyze possible
CCL3 direct effects in these cells. The results showed that chemically-induced OSCC
lesions exhibited increased expression of CCL3. Deficient mice for CCL3 (CCL3™) and
CCR5 (CCR5™) treated with the chemical carcinogen 4-Nitroquinoline-1-oxide
(4NQO) presented decreased tongue tumor formation when compared to wild type (WT)
and CCR1 (CCR1™) deficient mice. Consistently, microscopical analysis demonstred
attenuated cytomorphological atypia and reduced proliferation in lesions of CCL3" and
CCR5™ treated mice. It was verified that CCL3” mice lesions exhibited reduced
expression of factors Epidermal growth factor (EGF), Fibroblast growth factor-1 (FGF-
1), Transforming growth factor-p1 (TGF-B1), Vascular endothelial growth factor a
(VEGFa) and VEGFb, the adhesion molecules Integrin-4 (ITGA-4) and Vitronectin
(VTN) and matrix metalloproteinases (MMP-1a, MMP-2 and MMP-9). In vitro, CCL3
was able to induce invasiveness and release of CCL5, IL-6, and MMP’s 2, 8 and 9 by
neoplastic cells. Blockage of CCL3 using anti-CCL3 antibody reduced invasion of

neoplastic cells.



Deficient mice for receptor ACKR2 (ACKR2") treated exhibited similarity in
tongue tumor formation and in microscopical parameters when compared with wild type
mice. Moreover, it was observed increased expression of chemokines CCL3, CCL4,
CCL5, CCL12 and the receptors CCR1, CCR2 and CCRS5, as well as pro-inflammatory
cytokines, angiogenic factors, adhesion molecules and matrix metalloproteinases in
lesions of both treated groups in comparison with controls. However, increased
expression of CCL2, 1L-6 and IL-17 were observed in tongue lesions of ACKR2™ in

relation to WT group.

Collectively, the data suggest the relevance of CCL3/CCR5 axis in oral
carcinogenesis once CCL3 is able to directly affect neoplastic cells and the tumor
microenvironment. The ACKR2 receptor did not modify the course of oral
carcinogenesis. These results reveal potential protective effects of CCL3 blockage in

OSCC.

Keywords: Chemokines, CCL3, CCR1, CCR5, ACKR2 and OSCC.
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1- REVISAO DE LITERATURA

1.1 — O Carcinoma de celulas escamosas de boca — CCEB: aspectos clinico-
epidemiologicos

O Carcinoma de células escamosas de boca (CCEB) ou carcinoma epidermdide
é a neoplasia epitelial mais comum dentre as malignidades que acometem a cavidade
bucal (FERLAY et al., 2015; WARNAKULASURIYA, 2009). O CCEB caracteriza-se
por ter um comportamento altamente infiltrativo para estruturas vitais da regido de
cabeca e pescoco, com alta tendéncia para metastases linfonodais (CONTALDO et al.,
2013). Esse comportamento biolégico do CCEB tem sido reportado como um dos
fatores responséveis pelos altos indices de recidivas e altas taxas de morbidade e
mortalidade (CONTALDO et al.,, 2013; KO et al.,, 2016). O tamanho do tumor e
profundidade de invasdo também podem ser considerados fatores relacionados a um
pior desfecho da doenca (FELLER; LEMMER, 2012; MASSANO et al., 2006).

Segundo levantamento realizado pelo Instituto Nacional do Cancer (INCA) para
0 biénio 2016-2017 foram estimados cerca de 15.490 novos casos de cancer de boca
entre homens e mulheres, em todo o territério nacional (INCA, 2015). O CCEB é mais
comum entre homens do que em mulheres com uma distribuicdo estimada proporcional
de 1,5 homens para cada 1 mulher (WARNAKULASURIYA, 2009) ou ainda, de 3,46
casos em homens para cada 1,76 casos em mulheres/100.000 habitantes (INCA, 2015).

O CCEB acomete principalmente a borda lateral e posterior de lingua e assoalho
bucal, mas outros sitios como gengiva, palato e mucosa jugal também podem ser
afetados em menor frequéncia (BAGAN et al., 2010; FELLER; LEMMER, 2012).
Clinicamente as lesdes podem apresentar-se como leucoplasias, eritroleucoplasias,

eritroplasias, Ulceras ou lesdes exofiticas (FELLER; LEMMER, 2012).
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Dentre os fatores de risco ambientais mais comumente relacionados com a sua
patogénese destacam-se 0 uso do tabaco e o consumo de alcool. De forma isolada, estes
fatores ja representam um risco, mas quando estdo associados apresentam agéo sinérgica
aumentando consideravelmente o risco do desenvolvimento de CCEB (HASHIBE et al.,
2009; SCULLY; BAGAN, 2009). Outro fator de risco extrinseco como a infeccao das
células epiteliais pelo virus do papiloma humano - Papilloma human virus (HPV),
principalmente os subtipos 16 e 18, tem sido correlacionados com a ocorréncia de
tumores de orofaringe (MELCHERS et al., 2015) e CCEB (BROUWER et al., 2016).

Fatores, intrinsecos relacionados ao CCEB tém sido descritos na literatura
(ROTHENBERG; ELLISEN, 2012). Entre eles, o acumulo de mutacdes em proto-
oncogenes (ex. PI3KC, TP63, RAS, EGFR) e em genes supressores de tumor (ex. TP53,
CDKN2A, NOTCH1) nas células epiteliais. De um modo geral, os estudos mostram que
tais mutacdes afetam a regulacdo de circuitos que estdo estritamente interligados com
mecanismos que regem a proliferacdo, diferenciacdo, sobrevivéncia, apoptose,
capacidade de invasdo e metastases das células tumorais (ROTHENBERG; ELLISEN,
2012; SCULLY; BAGAN, 2009).

Com relagdo ao tratamento, a cirurgia com resseccao ampla das margens com ou
sem quimioterapia/radioterapia adjuvante pos-operatoria ainda sdo as opgoes
terapéuticas mais usuais no manejo do CCEB, contudo, a escolha do tipo de tratamento
depende do estadiamento clinico do tumor e da sua localizagdo (SHAH; GIL, 2009).
Neste sentido, o atraso no diagnostico e tratamento estdo fortemente correlacionados
com um pior estadiamento da doenca e piores taxas de sobrevida e para 0s pacientes

(WARNAKULASURIYA, 2009).
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1.2 — Modelos experimentais de carcinogénese bucal

Um dos métodos para estudo dos mecanismos envolvidos na carcinogénese oral
é a utilizacdo de modelos experimentais. Atualmente existem alguns modelos animais
bem estabelecidos que podem ser utilizados para a indugdo do CCEB em roedores
(incluindo hamster, ratos, e camundongos) (DERKA et al., 2006; RIBEIRO et al., 2004;
SCHOORP et al., 2009; TANG et al., 2004). Em geral, 0 método de inducdo destes
tumores é baseado na utilizacdo de compostos quimicos sintéticos carcinogénicos.
Dentre os carcindgenos mais comumente utilizados destacam-se o 7,12-Dimetil-
benz[a]antraceno (DMBA), muito utilizado para induzir lesdes na mucosa da bochecha
“cheek pouch” de hamsteres Sirios ou tumores mamarios em ratas (DERKA et al.,
2006; SOUDA et al., 2009) e o 4-Nitroquinolina-1-6xido (4NQO).

O DMBA é um hidrocarboneto aromatico policiclico carcinogénico que pode ser
dissolvido em veiculo oleoso como o dimetil sulféxido (DMSO), parafina liquida ou em
acetona. O modo mais comum de administracdo € o pincelamento diretamente sobre a
pele ou mucosa, mas a injecdo por via intraperitoneal e gavagem também ja foram
descritos em alguns estudos para inducao de carcinomas (DERKA et al., 2006; SOUDA
et al., 2009; VAIRAKTARIS et al., 2008). Os principais questionamentos do modelo
DMBA em “cheek pouch” para estudar a carcinogénese oral é se ele € um modelo de
carcinogénese verdadeiramente intra-oral, uma vez que esta estrutura anatdmica pode
ndo sofrer as mesmas influéncias do restante da cavidade oral, e ainda, que humanos
ndo possuem anatomicamente estrutura semelhante (revisto por BOYD; READE, 1988).
Outra desvantagem é em relacdo ao método de aplicacdo, sendo que o pincelamento
deve ser realizado mais de uma vez por dia, durante repetidas semanas para que ocorra a
inducdo das lesbes (TAKE et al., 1999). Contudo, Nagini et al. (2009) estudando

comparativamente as alteracGes histoldgicas e moleculares em carcinomas humanos e
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induzidos por DMBA em hamsteres demonstrou a inducdo de carcinomas bem
diferenciados e apresentando alteracbes moleculares semelhantes as lesdes humanas
com relacdo a expressdo de PCNA, GST-P, NF-KB, p21 e p53 (NAGINI et al., 2009).

Outro modelo de carcinogénese descrito na literatura emprega 0 4NQO, um
composto aromatico, derivado das quinolonas cujas propriedades carcinogénicas foram
descritas pela primeira vez em 1957 (NAKAHARA et al., 1957). A acdo carcinogénica
inicia-se com a reducdo enzimética do seu grupo nitro, formando um composto
intermediario chamado 4-hidroxiaminoguinolina-1-6xido (4HAQOQO). Este produto
metabolico, por sua vez, liga-se a residuos de guanina formando adutos (8-
hidroxideoxiguanosina - 80HdG) no DNA (ARIMA et al., 2006; KANOJIA; VAIDYA,
2006). Estudos ultraestruturais mostraram em culturas de fibroblastos humanos um
aumento nos niveis de 80HdG de maneira dose-dependente ap6s a administracdo de
4ANQO (ARIMA et al., 2006). Além disso, 0 4NQO e seus metabdlitos induziram
intenso estresse oxidativo intracelular gerando espécies reativas de oxigénio e
aumentando significativamente os niveis dos radicais superdxido e peroxido de
hidrogénio, causando danos secundarios no proprio DNA que podem ser irreparaveis
(ARIMA et al., 2006; NUNOSHIBA; DEMPLE, 1993). Kim et al. (2006) objetivando
estudar a formacdo de adutos de DNA induzida por 4NQO demonstraram um
mecanismo de reparo mitocondrial defeituoso em duas linhagens de células de CCEB
testadas e indicaram que esses defeitos podem permitir a iniciacdo das células (KIM et
al., 2006). Entretanto, 4ANQO administrado na dose de 15 micromolar por uma hora
mostrou ser bem tolerado in vitro, onde 90% dos fibroblastos permaneceram viaveis
(ARIMA et al., 2006).

O 4NQO ¢ o carcindgeno de escolha em muitos estudos por suas propriedades

de solubilidade em agua e pelo fato de induzirem tumores preferencialmente em sitios
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como a lingua e es6fago (KANOJIA; VAIDYA, 2006; LU et al., 2006; TANG et al.,
2004), diferentemente do modelo DMBA previamente descrito. Além disto, o dano
provocado ao DNA pelo 4NQO ocorre de modo muito similar ao provocado pelo uso do
tabaco, uma vez que seus metabolitos também formam compostos que se ligam em
residuos de guanina no DNA (BALBO et al., 2014; KANOJIA; VAIDYA, 2006). O
4ANQO induz a iniciacdo, primeiro estagio da carcinogénese. A progressdo deste
processo resulta em mudancgas moleculares e morfolégicas de forma semelhante aquelas
observadas na carcinogénese oral em humanos (BOYD; READE, 1988, KANOJIA;
VAIDYA, 2006; NAUTA et al., 1996; RIBEIRO et al., 2004).

Microscopicamente as lesdes induzidas pelo tratamento com 4NQO apresentam-
se como um aumento focal na espessura epitelial (hiperplasia), com ou sem perda de
organizacdo dos diferentes estratos (displasia/carcinoma in situ) ou carcinomas
invasivos (GANNOT et al., 2004; TANG et al., 2004). Clinicamente as lesdes em
lingua podem se apresentar como exofiticas ou papilomatosas, em forma de placa ou
por vezes ulceradas, de colocacdo esbranquicada e base ampla na superficie ventral,
dorsal ou lateral e em terco médio e posterior da lingua (IDE et al., 2001; TANG et al.,
2004).

Corroborando achados clinico-microscépicos, alteracbes cromossémicas
frequentemente observadas no CCEB em humanos (ex. p53, p16 e caderinas) também
foram demonstradas em carcinomas induzidos por 4NQO em camundongos (HONG et
al., 2008; MINICUCCI et al., 2011; OKAZAKI et al., 2002; SAKAKI et al., 2003).

Com relacdo a via de administracdo, estudos prévios mostraram que o 4NQO
induziu uma frequéncia de mutagenicidade significativamente aumentada no gene lacZ
em camundongos transgénicos quando administrado por via oral (dose 200 mg/kg),

afetando significativamente o figado, pulmdes e estdmago quando comparado com
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administracdo via intraperitoneal (7,5 mg/kg) (SUZUKI et al., 1999). Posteriormente,
Tang et al. (2004) avaliaram comparativamente a inducdo de carcinomas em lingua de
camundongos “CC x Bagg, A Strain” (CBA) e C57/BL6 e demonstraram uma producéo
maior de tumores em camundongos que receberam 0 4NQO diluido na agua diariamente
(100 pg/mL) em comparacdo com a técnica de pincelamento do produto (5 mg/mL)
diretamente na mucosa da lingua. Ap6s um periodo de 28 semanas, observou-se
incidéncia de apenas 20% de inducdo de papilomas e 5% de carcinomas invasivos nos
animais CBA, utilizando a técnica do pincelamento. Além disso, dentre os animais que
sobreviveram até a vigésima oitava semana do experimento com a dose de 100 pg/mL
na agua de beber, todos apresentaram 100% de incidéncia de carcinomas na lingua e no
esdfago nas duas linhagens desafiadas (TANG et al., 2004).

No que se refere a dose, 0s estudos mostram bons resultados com o 4NQO
diluido nas concentracdes de 50 e 200 pg/mL (LI et al., 2013; TANG et al., 2004 e
SILVA et al., 2014 — ANEXO A). No entanto, a literatura mostra que o fator tempo €
importante para permitir a maior gravidade das lesGes, com um periodo que varia entre
4 a 50 semanas (IDE et al. 2001; LI et al., 2013; MINICUCCI et al., 2011; RIBEIRO et
al., 2004; TANG et al., 2004; VERED et al., 2007).

Recentemente, foi descrito um modelo de carcinogénese em lingua de
camundongos BALB/c capaz de induzir a formagdo de metéstases em linfonodos
utilizando-se uma alta concentracdo do 4NQO (LI et al., 2013). Neste estudo, animais
foram tratados com o0 4NQO na dose de 200 pg/mL na agua de beber por 20 semanas. O
4NQO foi entdo substituido por agua filtrada e os animais acompanhados por periodos
de observagdo de 25 a 32 e de 33 a 40 semanas. Os resultados mostraram que 0s

animais que foram acompanhados pelo periodo mais longo (33-40 semanas),
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apresentaram 100% de incidéncia de CCEB e 100% de metastases nos linfonodos

submandibulares (LI et al., 2013).

1.3 — O sistema quimiocinas/receptores: aspectos gerais e efeitos no cancer

Quimiocinas sdo proteinas de baixo peso molecular (8-10 kilodaltons), com
atividade qumiotatica, ou seja, possuem a funcdo de coordenar a migracdo de células
durante processos como organogénese, na manutencdo da homeostase tecidual e
também em processos inflamatérios (BALKWILL, 2004). Essa migracdo é resultante da
ligagdo da quimiocina em seu receptor especifico ao longo de um gradiente quimico,
onde células expressando receptores movem-se em direcdo a locais com altas
concentragOes de quimiocinas (BALKWILL, 2004).

A Interleucina-8 (IL-8, hoje renomeada CXCLS8) foi a primeira citocina com
atividade quimiotatica descrita e caracterizada (BAGGIOLINI et al., 1989). Desde
entdo, aproximadamente 50 quimiocinas ja foram descritas (ALLEN et al., 2007;
BACHELERIE et al., 2014). Segundo a nomeclatura vigente, as quimiocinas podem ser
divididas em quatro subfamilias, de acordo com a posicéo das primeiras duas cisteinas
adjacentes ao dominio N-terminal, -CC -CXC -C e -CX3C (BACHELERIE et al.,
2014). A letra “L” seguida por um numero denota uma quimiocina especifica, por
exemplo, CCL3 e CXCL12. As quimiocinas exercem seus efeitos nas celulas via
interacdo especifica restrita a subfamilias de receptores — proteinas com 7 dominios
transmembrana acoplados a proteina G (ALLEN et al., 2007; BACHELERIE et al.,
2014). Para os receptores, a letra “R” seguida de um numero denota o respectivo
ligante, como CCR1 e CXCR4. Aproximadamente 20 receptores de quimiocinas ja

foram descritos até o presente momento (ALLEN et al., 2007; BACHELERIE et al.,
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2014). Desta forma, nota-se que existem mais quimiocinas do que receptores, logo, 0
sistema possui certa seletividade, mas é redundante, onde mais de uma quimiocina pode
se ligar ao mesmo receptor, e ainda, a mesma quimiocina pode compartilhar receptores
diferentes com maior ou menor afinidade (ALLEN et al., 2007; BACHELERIE et al.,
2014; BALKWILL, 2004). A tabela a seguir apresenta uma compilacdo do sistema

quimiocinas/receptores convencionais ja identificados (TAB. 1).

Tabela 1 — O sistema quimiocinas e receptores.

Alvos principais

Quimiocinas Sindnimo Receptores
Quimiocinas CC
Linfocitos T e Tregs
ccu 1-309 e TCA-3 CCR8 9
Monécitos, linfécitos, NK
CCL2 MCP-1e JE CCR2
CCL3 MIP1o CCR1e CCR5 Magrt_’afagos, mondcitos,
CcCL4 MIP1B CCR5 e CCR8 baséfilos e NK
CCL5 RANTES CCR1, CCR3e CCR5
. D hecid
CCL6 C10 e MRP-1 Desconhecido esconhecido
CCR1, CCR2,CCR3e Mondcitos, neutréfilos
CCL7 MARC e MCP-3
CCR5
CCR1, CCR2,CCR3e Linfécitos T
ccLs MCP-2 CCR5
Desconhecido
CCL9/CCL10 MRP-2, CCF18 ¢ MIP1y CCR1
CCL11 Eotaxin CCR2, CCR3 e CCR5 Eosinofilos e basofilos
Monéci
CCL12 MCP-5 CCR2 ondcitos
Linfécitos T
CCL13 MCP-4 ¢ NCC-1 CCR1, CCR2 e CCR3 Infocitos
CCL14 HCC-1, MCIF e NCC-2 CCR1e CCR5 Desconhecido
CCL15 Leukotactin-1, MIP5, HCC-2e NCC-3 ~ CCR1e CCR3
CCL16 CCR1, CCR2,CCR3e
LEC, NCC-4 e LMC CCR5
CcCL17 TARC e ABCD-2 CCR4 e CCR8 Linfécitos T
CCL18 PARC, DC-CK1, AMAC-1 e MIP4 Desconhecido
Linfocitos T e B, células
CCL19 ELC, Exodus-3 e MIP3b CCR7 dendriticas
Macréfagos, linfocitos Tregs e
CCL20 LARC, Exodus-1 e MIP3a CCR6 mondcitos
Linfocitos T e células
cCL21 SLC, 6Ckine, Exodus-2 e TCA-4 CCR7 dendriticas
Macréfagos, células
CCL22 MDC CCR4 dendriticas
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Desconhecido

cCL23 MPIF-1 CCR1
Eosinofilos e basofilos
CCL24 Eotaxin-2 e MPIF-2 CCR3
Linfécitos T
CCL25 TECK CCR9 Iocttos
Eosindfilos e basofilos
CCL26 Eotaxin-3, MIP4q, IMAC e TSC-1 CCR3e CCR10
CcCLz27 CTACK e ILC CCR10 Linfdcitos T
cCL28 MEC CCR3 e CCR10
Quimiocinas CXC
CXCL1 Gro-a, GRO1, NAP-3 e KC CXCR2 Neutrofilos
CXCL2 Gro-B, GRO2 e MIP2a. CXCR2
CXCL3 Gro-y, GRO3 ¢ MIP2B CXCR2
Plaquetas, Neutrofilos e
CXCL4 PF-4 CXCR3 monécitos
CXCLs ENA-78 e LIX CXCR1 e CXCR2 Neutrofilos
CXCL6 GCP-2 e LIX CXCR1 e CXCR2
CXcCL7 NAP-2, CTAPIII e PEP CXCR2
CXCL8 IL-8, NAP-1, MDNCF e GCP-1 CXCR1 e CXCR2
CXCL9 MIG e CRG-10 CXCR3 Linfdcitos e NK
CXCL10 IP-10 e CRG-2 CXCR3
CXCL11 ITAC e IP-9 CXCR3
Linfécitos e monécitos
CXCL12 SDF-1 e PBSF CXCR4
Lnfécitos T e B
CXCL13 BCA-1eBLC CXCR5 nfocitos T e
Linfécitos B it
CXCL14 BRAK Desconhecido INTOCITOS B € MONOCItoS
. Neutréfilos
CXCL15 Lungkine e WECHE Desconhecido
NKT e células linféides inatas
CXCL16 SRPSOX CXCR6 ufas finfoldes |
D heci
CXCL17 DMC e VCC-1 Desconhecido esconhecido

Quimiocinas C

XCL1 Lymphotactin o XCR1 Linfacitos e NK
XCL2 Lymphotactin XCR1
Quimiocina CXXXC

NK, monécitos e linfécitos T
CX3CL1 Fractalkine e neurotactin CX3CR1

Fonte: Russo et al. (2010), adaptado.

Embora as quimiocinas e seus receptores foram primariamente associadas com a

funcdo de “atrair” leucdcitos, participando em processos como a organogénese €

manutencdo da homeostase tecidual (BAGGIOLINI et al., 1989; GRIFFITH et al.,

2014; ZOU et al., 1998), estudos posteriores revelaram também sua atuacdo durante a

carcinogénese, devido aos seus efeitos na angiogénese, proliferacdo, ganho de
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motilidade e invasdo das células neoplasicas (BALKWILL, 2004; CHOW,; LUSTER,
2014 e SILVA et al., 2016 — ANEXO A).

A carcinogénese é um processo complexo que envolve o acumulo de maultiplas
alteracbes genéticas e epigenéticas, as quais resultam na disfuncdo de vias que
controlam a proliferacdo, diferenciacdo e sobrevivéncia celular (BALKWILL, 2004,
2012; MANTOVANI et al.,, 2008; HANAHAN; COUSSENS, 2012). As células
neoplasicas em proliferacdo estdo inseridas em um estroma constituido por uma
populacdo heterogénea de células (fibroblastos, miofibroblastos, linfécitos, macrofagos,
células dendriticas, natural killer (NK), além de nutrientes e moléculas sinalizadoras
como fatores de crescimento, citocinas, quimiocinas e receptores. Neste cenario,
denominado microambiente tumoral, as células neoplasicas interagem de forma
continua e dindmica com as diferentes populacGes e moléculas presentes no estroma
(BALKWILL, 2004, HANAHAN; COUSSENS, 2012).

Diversos estudos tem mostrado a presenca de um heterogéneo infiltrado
inflamatorio no estroma tumoral, e destacado sua intima conexd com 0s eventos da
tumorigénese (MANTOVANI et al., 2008; SICA et al.,, 2008; GRIVENNIKOV;
KARIN, 2010). Células estromais expressam receptores especificos na membrana
plasmatica, e sdo recrutadas para os sitios tumorais atraidas por gradiente quimico —
processo regulado pela acéo de quimiocinas e receptores de quimiocinas (BALKWILL,
2004).

A definicdo do papel das quimiocinas em tumores iniciou-se com estudos
demonstrando a sua expressao pelas células neoplésicas e sua interacdo com células do
estroma tumoral. No céncer de mama, por exemplo, as quimiocinas CCL2 e CCL5
expressas pelas células neoplasicas foram identificadas como importantes reguladores

da infiltracdo de macrdfagos associados a tumores (TAM’s). Juntas, células tumorais e
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TAM’s expressando CCL2 e CCL5 foram capazes de induzir a proliferacdo de células
endoteliais (promovendo a angiogénese) e também atuando na atividade metastatica das
células tumorais e promover invasao das células neoplasicas para os tecidos adjacentes
(SORIA; BEN BARUCH, 2008). Outra evidéncia advém de estudos que observaram a
expressao aumentada de CCL2 em tumores mama que foi coincidente com estagios
mais avancados da doenca e pior sobrevida (UENO et al., 2000). A expressdo de
CXCL1, CXCL5 e CXCLS8 e seu receptor CXCR2 foi identificada em espécimes de
cancer de préstata e em linhagens tumorais, sendo sua a¢do angiogénica demonstrada in
vivo e in vitro (MATSUO et al., 2009). Neste ultimo estudo, apds verificar a auséncia
de efeitos autdcrinos das quimiocinas -CXC sobre linhagem de célula de tumor de
préstata (confirmada pela deficiéncia na expressdo de CXCR2) estas células foram
mantidas em cocultivo com células endoteliais (human umbilical vein endothelial cells -
HUVEC) (MATSUO et al., 2009). Verificou-se que as quimiocinas —CXC produzidas
no sobrenadante afetaram a proliferacdo, invasdo e a formacdo de brotamentos nas
HUVEC, processo caracteristico do inicio da formacdo vascular. Além disso, a
administracdo de anticorpo anti-CXCR2 in vivo mostrou reduzir a formacdo desses
brotamentos vasculares, e a expressdo do Fator VIII ou “von Willebrand factor”
(MATSUO et al., 2009).

Outro eixo implicado na patogénese de tumores € o sistema CXCL12/CXCR4.
Estudos prévios mostraram sua participacdo na indugdo de metastases no cancer de
ovario, onde células tumorais transfectadas com o receptor CXCR4 tiveram sua
capacidade de invasdo aumentada, e, quando injetadas em camundongos
imunossuprimidos induziram o desenvolvimento de metéstases peritoneais nesses
animais quando comparado aos animais controles (GUO et al., 2014). Além disso,

estudos posteriores demonstraram que a sinalizagdo CXCL12/CXCR4 em células
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tumorais induz um fenémeno conhecido como transicdo epitélio-mesénquima (EMT),
no qual a célula tumoral perde aderéncia com as células vizinhas e adquire propriedades
fenotipicamente mesenquimais. Yao et al. (2015) verificaram que a administracdo de
CXCL12 em culturas de células de glioblastoma induziu, por exemplo, a
superexpressdo de TWIST — um dos fatores de transcricdo chave para ocorréncia de
EMT — e aumentou o potencial invasivo e migratorio dessas células. Além disso, 0
silenciamento genético de TWIST nas células tumorais resultou na reversdo desse
fenotipo in vitro. Ainda, camundongos imunossuprimidos injetados subcutaneamente
com as células silenciadas mostraram formacéo reduzida de tumores em comparagédo

aos controles (YAO et al., 2015).

1.3.1 — A quimiocina CCL3, seus receptores CCR1 e CCR5 e o receptor ACKR2:

aspectos gerais e efeitos no cancer

A quimiocina Macrophage inflammatory protein-1 alpha (MIP-1a), também
chamada CCL3 foi isolada pela primeira vez a partir da estimulacdo de culturas de
macrdfagos tumorais (RAW-264.7) com endotoxinas. Neste ensaio realizado em 1988,
apos ser injetada na pata de camundongos, CCL3 induziu um rapido influxo de
neutréfilos (WOLPE et al., 1988). Conforme revisado no estudo de Mentem et al.
(2002), a quimiocina CCL3 murina estd localizada no cromossomo 11, contém trés
éxons e dois introns e codifica uma pré-proteina de 92 aminoacidos. A contraparte
humana, € composta por trés variaches genéticas descritas — LD78a (69% de
similaridade na sequéncia de nucleotideos em relagdo a proteina murina), LD78p (94%
de similaridade com LD78a) ¢ LD78y (descrito como um ‘“pseudogene” - forma

truncada 5’ que ndo ¢ transcrita), todas presentes no cromossomo 17 (MAURER;
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STEBUT, 2004; MENTEM et al., 2002). Estudos estruturais demonstraram que CCL3
(murina e humana) é fisiologicamente encontrada na sua forma monomérica, contudo,
um processo dindmico e reversivel entre auto-agregacdo e desagregacdo também foi
descrito (VOLPE et al., 1988). Tais agregados parecem ndo influenciar a sua atividade
bioldgica, mas podem refletir na sua capacidade de ligacdo aos receptores CCR1 e
CCR5 (MENTEM et al., 2002). CCL3 ¢é constitutivamente expressa em baixos niveis
por mondcitos e macrofagos, entretanto, um aumento significativo na sua producao por
monacitos, macrdfagos, linfocitos, neutrofilos, células dendriticas, fibroblastos e células
epiteliais foi observado apos serem estimulas com lipopolissacarideo (LPS), TNF-a ou
IL-1 (MAURER; STEBUT, 2004; MENTEM et al., 2002). Estudos posteriores
implicaram sua participacdo em diferentes condicdes inflamatdrias como em modelo de
cicatrizacao de feridas, fibrose pulmonar induzida por bleomicina e em doengas como
asma, artrite e psoriase, sendo um importante indutor do recrutamento de leucocitos
para os sitios afetados (revisado por MAURER; STEBUT, 2004).

A expressdo de CCL3 e seus receptores CCR1 e CCR5 também foi observada
em tumores hepaticos humanos e experimentalmente induzidos (LIDA et al., 2008; LU
et al., 2003; YANG et al., 2006), tumores de mama (NATH et al., 2006), leucemia
mieldide cronica (BABA et al.,, 2013; SIVINA et al., 2011), mieloma mdltiplo
(LENTZSCH et al., 2003; VALLET et al., 2011), em carcinomas intestinais associados
a colite (SASAKI et al., 2014) e em modelo de metéstase pulmonar (WU et al., 2008).
De um modo geral, as evidéncias associadas a participacdo de CCL3 na tumorigénese
estdo relacionadas as suas propriedades pro-inflamatdérias como o recrutamento de
leucdcitos para o sitio tumoral, o que direta ou indiretamente poderia resultar na
liberacdo de moléculas que favoreceriam a progressdo tumoral. Estudos in vitro

mostraram que CCL3 foi capaz de induzir a migracéo de células de tumor hepético pela
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mudanca na concentracao intracelular niveis de célcio (YUAN et al., 2010). CCL3 foi
também capaz de aumentar a proliferacdo de fibroblastos associados a carcinomas
(CAF’s) (SASAKI et al., 2014). De modo importante, a atividade pré-tumorigénica de
CCL3 agindo via CCR1 ou CCR5 foi demonstrada por alguns estudos. Nesse sentido, o
eixo CCL3/CCR1 foi implicado na progressdao da hepatocarcinogénese, sendo que
animais deficientes para CCL3 e CCR1 apresentaram menor incidéncia na formacéao de
tumores, menor vascularizagdo, menor infiltrado de células de Kupffer e menor
expressao de MMP-9 em relacdo aos animais do grupo selvagem (YANG et al., 2006).
Outro estudo mostrou a atividade pro-metastatica do eixo CCL3/CCR5 em modelo de
metastase pulmonar induzida por injecdo de células de carcinoma renal em
camundongos. Neste estudo, animais deficientes para CCL3 e CCR5 tiveram reduzida
formacdo de metastases e tumores metastaticos apresentando menor infiltrado de
leucdcitos e fibroblastos, menor vascularizacéo e expressdao de MMP-9 em relacdo aos
animais selvagens (WU et al., 2008). Em modelo de carcinoma intestinal associado a
colite induzida por azoximetano e sulfato de sodio dextrano (AOM-DSS), Sasaki et al.
(2014) também observaram formacdo de tumor atenuada com menor actmulo de
leucocitos e fibroblastos em lesGes intestinais de animais deficientes de CCL3 e CCR5

(SASAKI et al., 2014).

Recentemente, foi caracterizada mais uma classe de receptores de quimiocinas —
os ACKR'’s. Tais receptores tem merecido consideravel atencdo porque possuem
propriedades de capturar e internalizar quimiocinas, funcionando como “armadilhas” e
reduzindo sua biodisponibilidade nos tecidos (BACHELERIE et al., 2014; MASSARA
et al., 2016). Essa internalizacdo do complexo ligante/receptor para compartimentos
intracelulares, no entanto, resulta na degradagdo da quimiocina e posterior reciclagem

do receptor, que retorna a membrana. Por este motivo, estas moléculas séo ditas
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“atipicas”, por nao ativarem sinalizacdo intracelular como ocorre com 0s receptores
convencionais (BACHELERIE et al., 2014; FRA et al., 2003; MASSARA et al., 2016).
Até 0 momento, foram descritos seis ACKR’s, os quais sd0o: ACKR1 (previamente
chamado Duffy Antigen Receptor for chemokines), ACKR2 (D6, CCBP2), ACKR3
(CXCR7), ACKR4 (CCRL1 e CCX CKR), ACKR5 (CCRL2) e ACKR6 (CCL18,
PARC receptor) (BACHELERIE et al., 2014).

Dentre os ACKR’s, o papel do receptor ACKR2 (previamente conhecido por
D6) tornou-se alvo deste estudo pelo fato de afetarem principalmente a disponibilidade
de quimiocinas CC. A expressao de ACKR2 foi demonstrada em diferentes tecidos e
tipos celulares como em vasos linfaticos, macréfagos da mucosa do célon, em pele e
também em células tumorais (JAMIESON et al., 2005; NIBBS et al., 2001, 2007).
Dados prévios demonstraram que ACKR2 liga-se com grande afinidade a quimiocinas
da subfamilia —CC. O papel desse receptor tem sido estudado em diferentes condigdes
inflamatérias como em modelo de inflamacdo cutanea induzida quimicamente
(JAMIESON et al., 2005) e na artrite (HANSELL et al., 2015). No estudo de Jamieson
et al. (2005), por exemplo, ACKR2 foi demonstrado limitar a resposta inflamatoria in
vivo, na qual animais deficientes para ACKR2 apresentaram um atraso na resolucdo da
resposta inflamatéria devido ao acumulo significativo de quimiocinas como CCL3,
CCL5 e maior infiltrado de macrofagos, linfocitos e mastécitos na pele em relagdo aos
animais selvagens (JAMIESON et al., 2005). De fato, pode-se observar que os animais
desenvolveram sinais clinicos exacerbados, caracterizados por doenca psoriaseforme na
auséncia de ACKR2, o que nédo foi observado nos animais selvagens (JAMIESON et
al., 2005). A partir desses resultados, sugeriu-se a participacdo de ACKR2 na
carcinogénese cutanea. De fato, essa hipotese foi posteriormente confirmada por estudos

utilizando modelos de carcinogénese cutanea quimicamente induzida em camundongos
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deficientes deste receptor (BORDON et al., 2009; NIBBS et al., 2007; SAVINO et al.,
2014; SCHNEIDER et al.,, 2012; VETRANO et al., 2010). Demonstrou-se que
camundongos ACKR2™" apresentaram um aumento significativo na formacéo de
tumores na pele apds aplicacédo tdpica de forbol-éster e DMBA (NIBBS et al. 2007).
Juntamente com a maior indugdo de tumores, foi observado maior indice proliferativo,
maior recrutamento de linfocitos CD3", mastdcitos e maior expressio de CCL3 nas
lesGes. Além disso, utilizando camundongos transgénicos para expressar ACKR2 em
queratinécitos da camada basal da epiderme, os pesquisadores conseguiram demonstrar
um papel protetor de ACKR2, onde reduzida formacao de tumores e reduzida expressdo

de CCL3 foi observada nesses animais (NIBBS et al., 2007).

Um papel protetor para ACKR2 também foi reportado em adenocarcinomas de
célon, onde sua expressdo reduzida foi correlacionada com aumento na expressao de
CCL22 e piores caracteristicas clinico-patologicas, como profundidade de invasdo e a
localizacdo dentro do célon (proximal, média, distal) (LANGENES et al., 2013). Em
tumores de mama, a expressdo de ACKR2 nas células tumorais inibiu a proliferacdo e
invasdo in vitro, alem da formacéo de tumores e desenvolvimento de metastases in vivo
(WU et al., 2008). Neste ultimo estudo, essa inibicdo mediada por ACKR2 nos tumores
foi correlacionada com menor expressdo das quimiocinas CCL2 e CCL5, menor
densidade vascular e menor infiltrado de TAM’s (WU et al., 2008). Savino et al. (2014)
também demonstraram propriedades antitumorais de ACKR2 em Sarcomas de Kaposi
(SK), onde o receptor inibiu a formacéo de tumores in vivo. Além disso, lesdes de SK
induzidas em camundongos imunossuprimidos por células transfectadas com o gene
ACKR2 mostraram menor quantidade de linfécitos CD45, macrdfagos tipo M2 e
diminuicdo da expressédo de CCL2, CCL3, CCL5 e de VEGFa e CD31 em relagédo aos

tumores SK™(SAVINO et al., 2014).
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1.4 — O sistema quimiocinas/receptores x CCEB

Nos ultimos 16 anos, algumas evidéncias provenientes de estudos in vitro e in
vivo confirmaram a participacdo de quimiocinas e seus receptores na carcinogénese
bucal (ALBERT et al., 2012; ALMOFTI et al., 2004; CHUANG, et al., 2009;
FERREIRA et al., 2008; ISHIKAWA et al., 2006; JUNG et al., 2010; LEE et al., 2015;
LI et al., 2014; LIU et al., 2015; MENG et al., 2010; OLIVEIRA-NETO et al., 2008;
QUIAN et al., 2014; SHINTANI et al., 2004; SILVA et al., 2007; TSUZUKI et al.,
2006; UCHIDA et al., 2003, 2004, 2007; 2011). Mais recentemente, nosso grupo
revisou e discutiu os principais achados com relacdo a estas moléculas e o CCEB
(SILVA et al., 2016) (ANEXO A).

Uma primeira evidéncia da relacdo entre quimiocinas e CCEB ¢é suportada por
estudos que demonstraram expressao aumentada de quimiocinas/receptores em amostras
de tumores primarios (ALBERT et al., 2012; ALMOFTI et al., 2004; FERREIRA et al.,
2008; ISHIKAWA et al., 2006; LIU et al., 2015; MENG et al., 2010; OLIVEIRA-
NETO et al., 2008; QUIAN et al., 2014; SHINTANI et al., 2004; SILVA et al., 2007;
TSUZUKI et al.,, 2006; UCHIDA et al., 2004). Merece destaque o fato que uma
correlacdo positiva entre a expressdo de CCL2, CCL3 ou CXCL12 nessas amostras e
um pior estadiamento clinico-microscépico (tamanho, profundidade de invasdo, estagio,
gradacdo histologica, presenca de invasdo perineural e metéstases linfonodais) foi
observada nestes trabalhos (ALBERT et al., 2012; ALMOFTI et al., 2004; FERREIRA
et al.,, 2008; ISHIKAWA et al., 2006; LIU et al.,, 2015; MENG et al., 2010;
OLIVEIRA-NETO et al., 2008; QUIAN et al., 2014; SHINTANI et al., 2004; SILVA et
al., 2007; TSUZUKI et al., 2006; UCHIDA et al., 2004).

Além disso, evidéncias desses trabalhos utilizando técnica imuno-histoquimica e

de estudos in vitro revelaram as células neoplasicas como uma das fontes principais da
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expressao de quimiocinas, seguidas pelas células estromais (CHUANG, et al., 2009;
FERREIRA et al., 2008; LEE et al., 2015; OLIVEIRA-NETO et al., 2008; SILVA et
al., 2007; UCHIDA et al., 2003). Em parte, a expressdo aberrante dessas moléculas nos
tumores pode ser fundamentada por estudos de polimorfismos especificos, os quais
sugerem que mutacdes em genes que codificam quimiocinas/receptores podem levar a
um aumento na transcri¢cdo e consequentemente dos niveis proteicos dessas moléculas
(BEKTAS-KAYHAN et al., 2012; SHIMIZU et al., 2008; TANYEL et al., 2013;
TENG et al., 2009; VAIRAKTARIS et al., 2008; WENG et al., 2010). De modo
semelhante, mutacdes em genes supressores de tumor também podem levar a um
aumento da expressdo de quimiocinas/receptores (YEUDALL et al., 2011). Outro ponto
que merece destaqgue € que a propria sinalizacdo desencadeada pelo sistema
quimiocina/receptor nas células transformadas e células do estroma resulta na maior
producdo e liberacdo mediadores inflamatorios/quimiotaticos, levando a uma resposta
redundante/ amplificada (JUNG et al., 2010; LI et al., 2014).

A segunda evidéncia da participacdo do sistema quimiocinas/receptores na
patogénese do CCEB é a observacdo de que células neoplésicas provocam efeitos
diretos sobre elas préprias (autdcrinos) e/ou sobre células vizinhas (paracrinos) (JUNG
et al., 2010; LI et al.,, 2014; ONOUE et al., 2006; PANDRUVADA et al., 2010).
Estudando comparativamente fatores produzidos por monoculturas de células de CCEB
(SCC-9) e CAF’s, Li et al. (2014) verificaram que quando estas células foram colocadas
em cocultivo, niveis significativamente aumentados de CCL2 foram detectados em
comparagdo as células em monocultivo. Além disso, verificou-se um aumento na
producdo de espécies reativas de oxigénio pelas CAF’s juntamente com ativagdo de
NFkB e STATS3, que levariam ao aumento da transcricdo de CCL2. CCL2, por sua vez,

induziu aumento na proliferacdo e invasdo de células SCC-9 (LI et al., 2014). Jung et al.
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(2010), também demonstraram efeitos diretos nas células neoplésicas pela liberacdo de
CCL7 por CAF’s em coculturas. Além disso, CCL7 induziu modificagdes no
citoesqueleto das células neoplasicas, afetando sua capacidade de invasividade (JUNG
et al., 2010). De modo semelhante, a estimulacdo de células neoplasicas com CCL5
estimulou sua atividade migratéria e aumentou a producdo de MMP-9 in vitro
(CHUANG et al., 2009).

Considerando-se todas as quimiocinas/receptores ja investigados no CCEB, o
eixo CXCL12/CXCR4 apresenta maior nivel de evidéncia até o momento,
especialmente com relacdo ao seu envolvimento no desenvolvimento de metastases em
linfonodos (SILVA et al., 2016). Assim como demonstrado em outros tumores humanos
como mama e em glioblastomas (GUO et al., 2014, YAO et al., 2015), os resultados em
CCEB indicaram que a sinalizacdo de CXCL12 via CXCR4 induziu um aumento na
motilidade das células tumorais, que por sua vez influenciou a migracédo e invasividade
dessas células (ONOUE et al., 2006; REHMAN et al., 2009, UCHIDA et al., 2003,
2004). De fato, a ligacdo CXCL12/CXCR4 foi capaz de ativar vias de sinalizacdo como
ERK1/2, AKT/PKB e NF-kB que induziu mudancas estruturais no citoesqueleto das
células neoplésicas, influenciando o seu ganho de motilidade e invasividade (ONOUE
et al.,, 2006; REHMAN et al., 2009; UCHIDA et al., 2003-2004). Além disso,
CXCL12/CXCR4 induziu o fendbmeno de EMT, previamente descrito, no qual células
epiteliais malignas perderam a expressdo de E-caderinas e citoqueratinas e passaram a
expressar Vimentina e SNAIL, moléculas importantes na aquisicdo do fenotipo
mesenquimal (ONOUE et al., 2006, TAKI et al., 2008). O aumento da expressdo de
CXCRA4 foi correlacionado com um aumento na producdo de MMP-9 em amostras de
CCEB e em linhagens de células tumorais in vitro (LEE et al.,2009; SAMARA et al.,

2004).
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Uma terceira linha de evidéncia que aponta o envolvimento do sistema
quimiocina/receptor na patogénese do CCEB é suportada pelos efeitos do seu
antagonismo na diminui¢do da expressdo de MMP’s, reducao da proliferagao,
invasividade e de metastases (JUNG et al., 2010; CHANG et al., 2011; UCHIDA et al.,
2007, 2011). O efeito do bloqueio de CXCR4 utilizando-se RNA de interferéncia
(shRNA) em linhagens de células de CCEB, por exemplo, demonstrou ser eficiente para
impedir o desenvolvimento de metastases in vivo (UCHIDA et al., 2011). Neste ultimo
estudo, células de CCEB transfectadas com o RNA de interferéncia foram injetadas
ortotopicamente no musculo masseter de camundongos imunossuprimidos, e verificou-
se uma diminuicdo de metastases linfonodais e do volume dos tumores em relagcdo ao

grupo injetado com as células controle (UCHIDA et al., 2011).

1.4.1 - O eixo CCL3/CCR1/CCR5 e o receptor atipico ACKR2 no cancer de boca

O papel de CCL3 e seus receptores no cancer de boca foi pouco explorado até o
momento. A primeira evidéncia da participacdo de CCL3 no CCEB foi observada por
Silva et al. (2007). Neste estudo, uma expressdo significativamente aumentada de CCL3
e CCR1, mas ndo de CCRS5, foi encontrada em tumores primarios e em linfonodos
metastaticos. Uma alta expressdo de CCL3 pelas células do estroma correlacionou-se
diretamente com uma sobrevida média aumentada. Contudo, quando analisando a alta
expressao da quimiocina pelas células tumorais (parénquima), uma pior sobrevida
média foi observada (SILVA et al., 2007). Tentando investigar o significado clinico da
expressao de CCL3 no soro de pacientes saudaveis (controles) comparativamente ao de
pacientes com leucoplasias orais (LO) e com CCEB, Ding et al. (2014) observaram um
aumento significativo de CCL3 nos pacientes com LO em rela¢do aos controles ou ao

grupo CCEB. Além disso, uma similaridade na expressdo de CCL3 no soro do grupo
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controle e CCEB foi observada. Entretanto, dicotomizando a expressdao de CCL3 no
grupo CCEB em alta e baixa observou-se correlacdo positiva entre 0 maior tamanho dos

tumores e aumento dos niveis séricos de CCL3 (DING et al., 2014).

Considerando-se o potencial envolvimento das quimiocinas CC na patogénese
do CCEB (SILVA et al., 2016), uma questdo ganha enfoque: o da possivel participacdo
do receptor atipico de guimiocina ACKR2. Como descrito previamente este receptor
atua reduzindo a biodisponibilidade de quimiocinas —CC em modelos de inflamacéo e
em tumores induzidos quimicamente (BORDON et al., 2009; JAMIESON et al., 2005;
NIBBS et al., 2007; SAVINO et al., 2014; SCHNEIDER et al., 2012; VETRANO et
al., 2010). Entretanto, até o presente momento, ndo ha relatos na literatura da

participacdo de ACKR2 na carcinogénese oral.

Coletivamente, os dados da literatura apontam para a hip6tese do envolvimento
de CCL3 na carcinogénese ativando vias inflamatorias e influenciando a proliferacéo,
angiogénese, migracdo e invasdo das células tumorais. Considerando-se o potencial
bioldgico do receptor ACKR2 como protetor na tumorigénese em varios modelos -
promovendo a captura de quimiocinas —CC, incluindo CCL3 e outros ligantes de CCR1
e CCRY5, seria razoavel especular que estes sistemas podem estar conectados no CCEB.
Dessa forma, o presente estudo propOs investigar os efeitos da delecdo do eixo
CCL3/CCR1/CCR5, bem como do receptor ACKR2 em modelo murino de

carcinogénese oral quimicamente induzida.



40

2 - JUSTIFICATIVA

O presente estudo foi delineado a partir de dados prévios do nosso grupo de
pesquisa (SILVA et al., 2007) demonstrando uma expressdao aumentada de CCL3 e
CCR1, mas ndo CCR5 em sitios de priméarios de CCEB, e em linfonodos metastaticos
em humanos. As evidéncias da literatura descritas a seguir suportam o desenvolvimento
deste trabalho:
> O papel de CCL3 e dos receptores CCR1 e CCR5 descrito em diferentes tipos de
tumores (mama, hepatico, leucemias) (BABA et al., 2013; LIDA et al., 2008; LU et al.,
2003; NATH et al., 2006, SIVINA et al., 2011; YANG et al., 2006);
> A possivel associagdo entre a expressao de CCL3 e dos seus receptores CCR1 e
CCR5 no surgimento de metastases regionais em pacientes com CCEB (SILVA et al.,

2007);

> A propriedade do receptor ACKR2 de reduzir a disponibilidade de quimiocinas
-CC demonstrada em tumores e que lhe confere um papel protetor em diferentes
modelos de tumorigénese (NIBBS et al., 2007; SAVINO et al., 2014; SCHNEIDER et

al., 2012; VETRANO et al., 2010).

Desta forma, € possivel hipotetizar a participagdo do eixo CCL3CCR1/CCR5,
bem como o receptor ACKR2 na carcinogénese oral. Os resultados deste trabalho

podem contribuir na busca de alvos terapéuticos para o0 CCEB.
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3-0OBJETIVOS

3.1 - Geral

Investigar o papel da quimiocina CCL3, dos seus receptores convencionais CCR1 e
CCRS5 e do receptor atipico ACKR2 na carcinogénese bucal induzida por carcindégeno

quimico.

3.2 — Especificos

> Avaliar os aspectos macroscéopicos, microscopicos e moleculares das lesdes de

CCEB induzidas nos animais selvagens e deficientes de CCL3, CCR1 e CCR5;

> Avaliar os aspectos macroscopicos, microscopicos e moleculares das lesdes de
CCEB induzidas nos animais deficientes do receptor ACKRZ2;
> Avaliar o efeito in vitro de CCL3 na proliferacdo e invasividade das células

neoplésicas, bem como o efeito do seu bloqueio na invasividade dessas células in vitro.
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4 — MATERIAL E METODOS

4.1 — Animais

Foram utilizados camundongos machos C57BL/6 (selvagens — wild type — WT),
provenientes do Centro de Bioterismo do Instituto de Ciéncias Bioldgicas (CEBIO) da
Universidade Federal de Minas Gerais, Brasil. Os camundongos deficientes para a
quimiocina CCL3 (CCL3™), foram obtidos do Centro de Pesquisas René Rachou
(Fiocruz Minas Gerais) e os para o receptor CCR5 (CCR5”) foram gerados como
previamente descrito (KUZIEL et al., 2003). Animais CCR1 deficientes (CCR1™)
foram obtidos da Taconic Farms (Hudson, New York, USA) e os animais ACKR2
(ACKR2™) foram cedidos pelo Laboratério de Imunologia Pulmonar e Mecanica,
Departamento de Fisiologia e Biofisica do Instituto de Ciéncias Bioldgicas, da
Universidade Federal de Minas Gerais. Os animais foram mantidos sob condicGes
controladas de iluminacdo e temperatura, além de dieta padrdo para camundongo e dgua
ad libitum. Os animais foram pesados e a quantidade de ingestdo de agua foi avaliada
semanalmente. Todos o0s procedimentos experimentais descritos a seguir foram
executados ap6s aprovacdo pelo Comité de Etica em Experimentacio Animal da

Universidade Federal de Minas Gerais (ANEXO B).

4.2 — Inducéo de CCEB em lingua de camundongos

A inducdo de tumores na lingua dos camundongos foi realizada como
previamente descrito (TANG et al., 2004; LI et al., 2013). Brevemente, uma aliquota de
1 g de 4-nitroquinolina-1-6xido (4NQO) (Sigma Aldrich, St. Louis, MO, USA) foi
dissolvida em 200 mL de etilenoglicol (Sigma Aldrich) e estocada a 4°C.

Semanalmente, novas aliquotas foram diluidas na agua de beber dos animais na
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concentracdo final de 50 pg/mL. Além disso, foi realizado também o tratamento com o
4NQO na concentracdo de 200 pg/ml, como uma proposta de estabelecer um modelo de
metastase em linfonodos, conforme descrito por Li et al. (2013). A solucdo foi mantida
em garrafas de polivinil protegidas da luz ambiente e os camundongos do grupo
experimental (4NQO) na dose de 50 pug/mL receberam o tratamento com o carcindgeno
diariamente durante 28 semanas. O grupo experimental com o 4NQO mais concentrado
recebeu o tratamento somente até a vigésima semana, onde entdo o carcindgeno foi
substituido por agua filtrada e os animais mantidos nessas condi¢cbes até a vigésima
oitava semana. Os animais do grupo controle receberam agua filtrada pelo mesmo
periodo. Apds o término de periodo experimental, os animais foram anestesiados com
solucdo de quetamina e xilazina (180 mg/Kg e 24 mg/Kg, respectivamente) por via
intraperitoneal para a coleta dos seguintes orgaos/tecidos: sangue, lingua, linfonodos
cervicais, figado, pulmdes, estbmago, duodeno, jejuno, ileo e intestino grosso para
analise microscépica. As linguas foram identificadas e fotografadas para posterior
analise macroscépica. Os orgdos/tecidos foram coletados para verificacdo da ocorréncia
ou ndo de metastases a distancia ou qualquer outra alteracdo associada ao tratamento

com 0 4NQO.

4.3 - Analise microscépica

4.3.1 — Amostras murinas

Todos os tecidos coletados descritos previamente, com exce¢do do sangue,
foram fixados em solucdo tamponada de formaldeido 10%, pH 7.0, e processados por
técnicas histologicas de rotina. As linguas foram cortadas no sentido anteroposterior, e

as metades incluidas segundo a orientagdo da seccdo desejada. Cortes de 3 pum de
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espessura das linguas foram obtidos para coloracdo com hematoxilina e eosina (H&E) e
ensaios imuno-histoquimicos.

Critérios de avaliacdo das alteracdes cito-arquiteturais foram adotados a fim de
classificar a gravidade das displasias epiteliais encontradas nas lesdes linguais. Tais

critérios levaram em consideracdo os itens descritos na tabela a seguir (TAB. 2).

Tabela 2 - Critérios utilizados para o diagnostico de displasia epitelial.

Arquitetura Citomorfologia
Estratificacdo epitelial irregular Variagdo anormal no tamanho nuclear
Perda de polarizacao das células basais Variagdo anormal na forma nuclear
Cristas epiteliais em forma de gota Variac¢do anormal no tamanho e forma da

célula

Aumento do nimero de figuras de mitose Aumento na proporg¢ao ndcleo —citoplasma
Mitoses superficiais atipicas Figuras de mitose atipicas
Queratinizacdo prematura de células Aumento do nimero e tamanho dos nucléolos
Pérolas de queratina Hipercromatismo

Fonte: Organizagdo Mundial de Salde — OMS (2005) — Barnes et al.( 2005).

A analise histopatoldgica foi realizada por dois examinadores (JMS e TAS),
cegos diante do status dos grupos a qual foi realizada de forma consensual. Como
método de avaliar a confiabilidade intra e interexaminadores, foi realizado o teste de
Coeficiente de Correlacdo Intraclasse. As lesfes linguais foram classificadas

empregando-se escores histopatoldgicos, de acordo com critérios adaptados da OMS
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(2005) (BARNES et al., 2005), a qual classifica as lesdes como “displasia leve”,

“displasia moderada”, “displasia severa” e “carcinoma in situ” (TAB. 3).

Tabela 3 — Escores utilizados para graduacao das displasias epiteliais.

Escore Caracteristicas
0 Displasia ausente
1 Displasia leve (alteracGes limitadas ao terco basal do epitélio)
2 Displasia moderada (alteragdes representando dois tercos do epitélio)
3 Displasia grave (alterac6es representando mais de dois tercos do epitélio)

Carcinoma in situ (alteracdes em toda espessura epitelial, porém sem
rompimento da membrana basal)

5 Carcinoma invasivo (ilhas carcinomatosas dentro do tecido conjuntivo)

Fonte: Barnes et al. (2005), adaptado.

A andlise consistiu na observacdo de dez campos consecutivos, levando em
consideragdo para estabelecimento da média do escore final, o campo representivo de

maior gravidade, avaliando-se pelo menos dois cortes de cada animal.

4.3.2 — Amostras humanas

Foram incluidos neste estudo 33 casos de CCEB primario, 39 casos de desordem
potencialmente maligna, diagnosticadas como Leucoplasias Orais (LO), e 16
fragmentos de mucosa oral clinicamente saudavel (controles), obtidos durante cirurgia

de extracdo de terceiros molares inferiores inclusos. Os casos de CCEB e LO foram
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obtidos do Laboratério de Patologia Bucal da Faculdade de Odontologia da
Universidade Federal de Goiads e Hospital Araujo Jorge, Associacdo do Combate ao
Cancer em Goiés, Goiania, Goias, Brasil. A aprovacéao para utilizacdo das amostras foi
obtida do Comité de ética em Pesquisa da Universidade Federal de Goias (ANEXO C).
As lesbes diagnosticadas como LO foram graduadas quanto a presenca de displasia
epitelial (BARNES et al., 2005, adaptado). Das 39 LO selecionadas, 20 casos foram
classificados como apresentando displasia epitelial leve, 14 como moderada e 5 casos,
grave. Todos os casos de CCEB foram analisados seguindo os critérios cito-

arquiteturais previamente descritos na Tabela 2 (TAB. 2).

4.4 — Imuno-histoguimica e analise quantitativa

4.4.1 - Amostras murinas

Nesta secdo foram descritos os procedimentos para realizacdo do método imuno-
histoquimico (estreptavidina-biotina-peroxidase) nas linguas para o marcador de
proliferacdo celular Ki67 (clone MM1, Novocastra, Newcastle, UK). Seccdes de
aproximadamente 3 pum foram desparafinizadas em xilol, reidratadas e finalmente
lavadas em agua destilada. A recuperacdo antigénica foi realizada a 96° C em solucéo de
acido citrico 10 mM, pH=6, durante 30 minutos, seguido de incubacdo com solucéo de
H,O, a 3% e o kit Avidin Biotin Blocking System (Dako, Carpinteria, CA, USA)
segundo as instru¢bes do fabricante. Apds a incubacdo com o anticorpo primario,
diluicdo 1:50 overnight, os cortes foram incubados com o anticorpo secundario Multi-
Link (sistema LSAB/HRP, Dako, Carpinteria, CA, USA) segundo as instrucdes do
fabricante. A reacédo foi revelada pela incubacdo com solucdo de 3,3-diaminobenzidina

(DAB) (Dako, Carpinteria, CA, USA), durante 1-2 minutos. Finalmente, os cortes
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foram contracorados com hematoxilina de Mayer, desidratados em solucdes crescentes
de alcoois, diafanizados em xilol e montados com Permount (Fisher Scientific, Fair
Lawn, NJ, USA). Controles negativos foram obtidos omitindo-se o anticorpo primario,
o0 qual foi substituido por PBS-BSA a 1%.

As células imunomarcadas foram analisadas em microscépio de luz (Axioskop
40 ZEISS, Carl Zeiss, Gotingen, Germany), com aumento original de 1.000 vezes.
Foram avaliados 20 campos consecutivos e pelo menos 2 cortes de cada animal. Os
resultados foram expressos como o nimero total de células Ki67* em todas as camadas

epiteliais, por campo.

4.4.2 — Amostras humanas

Nesta secdo, foram descritos 0s procedimentos para imunomarcagao e
quantificagdo de CCL3 nos tecidos humanos. A expressdo de CCL3 foi realizada por
imuno-histoquimica, utilizando o anti-CCL3 (Clone FL-2, Santa Cruz Biotechnology,
TX, USA), concentragdo 1:50, nas mesmas condigdes previamente descritas.

A imunorreatividade foi analisada por microscopia de luz (Axioskop 40 ZEISS;
Carl Zeiss, Gotingen, Germany), no aumento original de 400 vezes, utilizando reticulo
de integracédo acoplado (Carl Zeiss — Axiostar 1122-100). Foram avaliados 20 campos
consecutivos em pelo menos 2 cortes por amostra. Os resultados foram expressos como
a porcentagem de celulas CCL3 positivas em relagdo a populacéo total de células no

epitélio e no tecido conjuntivo, por amostra.
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4.5 - ELISA - Enzyme-linked Immunosorbent Assay

Fragmentos de lesdes de CCEB clinicamente detectaveis e fragmentos de lingua
clinicamente normal (controle) foram pesados e homogeneizados em solucdo salina
fosfato [(0.4 mM de cloreto de sodio - NaCl e 10 mM de fosfato de sodio - NaPO,, pH
4.7)] contendo inibidores de protease [(0.1 mM fluoreto de fenilmetil sulfonil - PMSF,
0.1 mM cloreto de benzeténio, 10 mM 4acido etilenodiamino tetra-acético - EDTA, e
0.01 mg/mL aprotinina A) e 0.05% Tween-20] na concentracdo final de 100 mg/mL. O
homogenato foi centrifugado (10.000 r.p.m) a 4 °C por 10 minutos. O sobrenadante foi
coletado e estocado a -70 °C para analise posterior. A concentracdo de CCL3 foi
mensurada utilizando-se kits disponiveis no mercado, de acordo com as instrugdes do
fabricante (R&D Systems, Minneapolis, MN, USA). Os resultados foram expressos em

picogramas de citocinas (+ Desvio Padrdo — SD) normalizadas por 100 mg de tecido.

4.6 - Reagdo em cadeia da polimerase (PCR array)

Fragmentos de CCEB experimentalmente induzido e de lingua clinicamente
normal (controle) foram coletados para realizacdo da avaliacdo da expressao molecular
de mediadores envolvidos com angiogénese, proliferacdo tumoral, invasdo e metéstase.
As reacOes de PCR array foram realizadas conforme descrito por Vieira et al. (2015)
(VIEIRA et al., 2015). Brevemente, foi realizada a extracdo do RNA total das amostras
utilizando-se o kit RNeasyFFPE (Qiagen Inc, Valencia, CA) de acordo com as
instrucbes do fabricante. Em seguida, a integridade do RNA extraido foi verificada a
partir de 1 mg de RNA total pelo 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA). Aproximadamente 3 ug de RNA total foi utilizado para sintese da fita de DNA

complementar — cDNA, através da reacdo da transcriptase reversa (Superscript IlI,
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Invitrogen Corporation, Carlsbad, CA). A reacdo de PCR array foi realizada no
equipamento Viia7 (LifeTechnologies, Carlsbad, CA) utilizando-se um painel contendo
os alvos “Wound Healing” (PAMM-121) e¢ “Inflammatory cytokines and receptors”
(PAMM-011) (SABiosciences, Frederick, MD). Os dados foram analisados pelo
software RT2 Profiler PCR Array Data Analysis, online (SABiosciences), no qual foi
realizada normalizacdo dos dados através da média geométrica inicial de trés genes
constitutivos (GAPDH, ACTB, Hprtl) e subsequentemente normalizados pelo grupo
controle. Os resultados foram expressos como “fold increase” em relagdo ao grupo

controle.

4.7 — Ensaios in vitro

4.7.1 - Cultura e ensaio de viabilidade celular - MTS

Para realizacdo dos experimentos in vitro foram selecionadas duas linhagens
humanas de células de carcinoma de células escamosas de cabeca e pescoco (HN12, e
HN13 — do inglés: Head and Neck), descritas previamente (CARDINALI et al., 1995) e

detalhadas na tabela a sequir (TAB. 4).

Tabela 4 — Caracteristicas das linhagens celulares utilizadas nos experimentos in vitro.

Nome Caracteristica Origem/localizacéo
HN12 Metastatica Proveniente de linfonodo metastatico de paciente
diagnosticado com CCEB em lingua
HN13 N&o metastatica Proveniente de CCEB primario localizado em
lingua

Fonte: Cardinali et al. (1995).

As células foram utilizadas para analisar os efeitos diretos da quimiocina CCL3

na proliferacdo celular, invasdo e producdo e liberagdo de mediadores inflamatorios.
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Aproximadamente 1x10° células foram plaqueadas e cultivadas em meio Dulbecco’s
modificado (DMEM) (Sigma-Aldrich, St. Louis, MO, USA), suplementado com soro
fetal bovino (SFB) a 10% (Gibco, Carlsbad, CA), e solucdo antibiotica/antimicotica
(Cat. A5955, Sigma-Aldrich) em estufa com atmosfera de 5% de CO? a 37° C. Apés
alcancar a confluéncia, ou seja, quando aproximadamente 70-80% da superficie de
cultivo foi ocupada, as células foram tripsinizadas em solucdo de Tripsina-EDTA (cat.
T4174, Sigma-Aldrich) e ressuspendidas em DMEM novo para utilizagdo nos
experimentos subsequentes. Para determinacdo da viabilidade celular foi utilizado o
CellTiter 96® AQueous One Solution Cell Proliferation Assay (Promega, Madison, WI)
seguindo as instrucdes do fabricante. Todos os experimentos foram executados em
triplicata, e trés experimentos independentes foram considerados. As células (1x10°)
foram plaqueadas em placas de 96 pocos (Corning Inc., Corning, NY), estimuladas com
3 diferentes concentracfes de CCL3 (5, 10 ou 20 ng/mL), e entdo, acompanhadas por
24, 48 e 72 horas. Em seguida, foi adicionada solucdo de Tetrazolium Compound e
Phenazine Methosulfate (MTS) (Promega). As células foram incubadas por 2 horas e a
absorbancia foi avaliada a 490 nm através de um leitor de microplacas (Mod. 680 XR,
Bio-Rad, Hercules, CA).

O sobrenadante foi coletado nos tempos de 24, 48 e 72 horas para subsequentes
ensaios de ELISA, nos quais foram utilizados os kits para deteccdo de CCL3, CCLS5, IL-

6 e TNF-a (R&D Systems, Minneapolis, MN, USA), como foi descrito previamente.

4.7.2 — Ensaio de proliferacao celular

Para o ensaio de proliferacdo celular, as células (1x10°) foram plagueadas em

triplicata em placas de 24 pocgos (Corning) por 48 horas em meio DMEM livre de soro
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(controle), ou em DMEM contendo CCL3 (10 ng/mL) (Cat. DY270, R&D Systems,
Minneapolis, MN, USA). Apo6s 48 horas, o sobrenadante foi removido e as células
aderidas na superficie das laminulas posicionadas no fundo de cada pogo foram fixadas
com solucdo de formaldeido a 10%, por 15 minutos. Em seguida, foi realizada a técnica
imuno-citoquimica, conforme descrito anteriormente, utilizando-se o anticorpo anti-
Ki67 (Clone ab15580, Abcam, Cambridge, England). As laminulas foram fotografadas
usando o software AxioVision Rel. 4.8.2 (Carl Zeiss). As células Ki67 positivas foram
contadas com o auxilio do software Image J e os resultados foram apresentados como a

porcentagem média de células positivas, por campo.

4.7.3 — Zimograma

3x10° células foram plaqueadas em triplicata em placas de 6 pocos. Apds um
periodo de 24 horas, 0 meio foi removido e substituido por 1 mL de DMEM livre de
soro. Em seguida, as células foram tratadas ou néo (controle) com CCL3 (10 ng/mL) e
mantidas por um periodo adicional de 24 e 72 horas. O sobrenadante foi entdo coletado
para analise. Aproximadamente 20 pL do sobrenadante foi dissolvido em solucdo de
12% SDS-PAGE (Cat. SM1841, Fermentas, Kent, UK) contendo 1 mg/mL de gelatina.
O gel foi lavado com Triton X-100 a 2%, por 40 minutos e incubado com solugéo
contendo 10 mM Tris—HCI e 5 mM CaCl2 por 16 horas a 37 °C. Em seguida, o gel foi
corado com Coomassie blue 0,25% (Sigma-Aldrich) e subsequentemente lavado. A
atividade das metaloproteinases de matriz MMP-2, MMP-8 e MMP-9 foi representada
pela presenca negativa das respectivas bandas. A analise semiquantitativa foi realizada
utilizando-se o software Image J. Os resultados foram representados como a expressao

de MMP-2, MMP-8 e MMP-9, calculados considerando a area sob cada pico.
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4.7.4 — Ensaio de invasao celular

O ensaio de invasdo celular foi realizado com o uso de camaras bipartidas. Para
tanto, foi utilizada placa de 24 pogos (Corning), nos quais foram colocados insertos
(Boyden modificado) que os dividiam em compartimentos superior e inferior, conforme

mostra a figura a seguir (FIG. 1).

Transwell* insert

Upper compartment

Microporous membrane

Lower compartment

Fonte: http://www.corning.com/media/worldwide/cls/documents/CLS-CC-027REV6.pdf

Figura 1 — Desenho esquematico ilustrando o ensaio de invasao celular.

Uma membrana de policarbonato contendo poros de 8 um de didmetro estava
presente no fundo de cada inserto. Além disso, foi utilizada matrigel (Cat.35423C, BD
Biosciences, Bedford, MA) diluida em DMEM livre de soro, na proporcdo 1:1 para
cobrir a superficie de cada membrana. Em seguida, as células (2x10°) receberam um
pré-tratamento com CCL3 (Cat. DY270, R&D Systems) na concentracdo de 10 ng/mL,
ou com anticorpo anti-CCL3 (clone FL-92; Santa Cruz Biotechnology) (20 pg/mL) ou
com Evasina-1 (AS9001965, 10" M) (Serono Pharmaceutical Research Institute SA,
Geneva, Switzerland), um antagonista de quimiocina que impede a acdo de CCL3
(FRAUENSCHUH et al., 2007). Ap6s 45 minutos, as células foram lavadas e

ressuspendidas em 250 uL de DMEM livre de soro e entdo plaqueadas no
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compartimento superior do inserto. Foi utilizado DMEM contendo CCL3 (10 ng/mL)
no compartimento inferior, para a estimulacdo. As células foram mantidas nessa
condicdo por 72 horas, quando entdo seguiu-se a remoc¢do do meio do compartimento
superior para fixacdo das membranas em solucdo de formaldeido a 10% por 15 minutos.
As células aderidas na superficie do compartimento inferior foram entdo coradas com
Giemsa (Sigma-Aldrich). Cinco campos de cada pogo foram fotografados no aumento
original de 200 vezes utilizando um microscopio invertido (Zeiss Axiovert 40) e as
imagens analisadas pelo software AxioVision Rel. 4.8.2 software (Carl Zeiss). As
células que foram capazes de transmigrar pelos poros das membranas foram entdo
contadas usando Image J e os resultados expressos como a porcentagem média de
células, por campo.

Ao final deste manuscrito é possivel encontrar um fluxograma que
esquematiza todos o0s experimentos descritos nesta secdo de “Material e Métodos”

(ANEXO D).

4.8 — Analise estatistica

A analise estatistica foi realizada utilizando o software GraphPad Prism, versédo
5.0. Ap0s testar a distribuicdo de normalidade dos dados, o teste t de Student ou a
Analise de Variancia (ANOVA) foram utilizados para comparar dois ou mais grupos
experimentais, respectivamente. No caso de observacéo de significancia estatistica no
teste One-way ANOVA, foi realizado o pds-teste Student-Newman-Keuls. Para amostras
humanas foi realizada analise comparativa com Kruskall-Wallis, sequido do pds-teste de
Dunn’s. Os resultados foram expressos como médias + Erro Padrdo da Média (E.P.M) e

o nivel de significancia estatistica foi estabelecido em p<0.05. Os resultados do PCR
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array foram analisados pelo teste Mann-Whitney, e os valores corrigidos pelo

procedimento de Benjamini — Hochberg.
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5 - RESULTADOS

Os resultados deste trabalho serdo apresentados na forma de dois artigos
cientificos:
Artigo 1 “CCL3/CCRS is critical for oral carcinogenesis”, submetido ao periddico Oral
Oncology.
Artigo 2 “Deletion of the atypical CC chemokine receptor ACKR2 does not modify

experimental squamous cell carcinogenesis” em fase de preparagdo para submissdo.
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ABSTRACT

The chemokine CCL3 is a small chemotactic cytokine crucial for inflammatory
cell recruitment in homeostatic and pathological conditions. CCL3 might affect cancer
progression by stimulating leukocytes accumulation, angiogenesis and tumor growth.
Obijectives: The expression of CCL3 and its receptors (CCR1 and CCR5) was
demonstrated in oral squamous cells carcinoma (OSCC), but their functions were not
defined yet. Materials and Methods: Here, we assessed the function of CCL3 using a
model of chemically-induced tongue carcinogenesis. In vitro experiments using lineages
of OSCC were performed to analyze the effects of CCL3 on proliferation and invasion.
Results: Results showed that chemically-induced lesions exhibited expression of CCL3.
Mice deficient of CCL3 (CCL3™) and CCR5 (CCR5”) treated with chemical
carcinogen presented reduced incidence of tongue tumors compared to wild-type (WT)
and mice deficient for CCR1 (CCR17). Consistently, microscopic analysis
demonstrated attenuated cytomorphological atypia and reduced cell proliferation in
lesions from CCL3"" and CCR5-treated mice. We further demonstrate that OSCC from
CCL3" mice exhibited reduced expression of angiogenic factors (Egf, Tof-41), adhesion
molecules (Itga-4, Vtn) and matrix metalloproteinases (Mmp-1a, Mmp-2 and Mmp-9).
In vitro, CCL3 induced invasion and release of CCL5, IL-6, and MMP’s 2, 8 and 9 by
neoplastic cells. Pharmacologic blockage of CCL3 impaired tumor cell invasion.
Conclusion: Herein, we provide evidence of CCL3/CCR5 axis relevance for oral
carcinogenesis. CCL3 is able to affect invasion ability of neoplastic cells and modify
tumor microenvironment. These data reveal potential protective effects of CCL3

blockade in oral cancer.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most common malignancy of oral
cavity worldwide [1,2]. OSCC is considered highly infiltrative, locally aggressive and
frequently metastasizing to cervical lymph nodes [1,3].

Tumor behavior depends on malignant cell capabilities and tumor
microenvironment, which directly affects tumor growth, invasion and metastasis [4].
The interaction of tumor cells and their supporting stroma is based on production of
angiogenic factors, integrins, proteases, cytokines and chemokines [4,5]. Accumulating
evidence suggest that chemokines might exert pro-tumorigenic effects in different types
of tumors [6-10] including OSCC [11-15]. The mechanisms by which chemokines
affect tumorigenesis may include regulation of inflammatory cell trafficking to tumor
microenvironment, neovascularization, extracellular matrix remodeling, neoplastic cell
motility and proliferation contributing to tumor growth and spreading [16-19]. In
particular, the effects of CC chemokine CCL3 are little explored in cancer. A few
studies have demonstrated increased expression of CCL3 in hepatomas, multiple
myeloma and chronic lymphocytic leukemia [16, 20, 21]. Functional studies
demonstrated that mice deficient for CCL3 and its receptor CCR1 were significantly
protected from carcinogen-induced hepatocarcinogenesis [16]. Additionally, CCL3
induced hepatoma cells to produce pseudopodia and migrate in vitro [22]. In a model of
renal cell carcinoma, decreased incidence of metastasis was observed in mice deficient
for CCL3 and CCR5 [18]. In the context of OSCC, one study previously showed the
expression of CCL3 in tumor samples and metastatic lymph nodes and correlated it with

poor cumulative survival [23]. Herein, we employed a model of chemically-induced
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OSCC to investigate the role of CCL3/CCR1/CCRS5 axis in oral carcinogenesis. We also

used in vitro approaches to dissect the effects of CCL3 in OSCC cells.
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MATERIALS AND METHODS

Animals

C57BL/6 (wild type - WT) 6-8 weeks male mice were obtained from Centro de
Bioterismo, Instituto de Ciéncias Bioldgicas (CEBIO), Universidade Federal de Minas
Gerais, Brazil. CCL3™ deficient mice were bred and obtained from Centro de Pesquisas
René Rachou (Fiocruz Minas Gerais, Brazil). CCR5” were generated as previously
described [24]. CCR1” deficient mice were obtained from Taconic Farms (New York,
USA). Mice were maintained under standard conditions with a 12 h light/dark cycle,
controlled temperature (24 + 2 °C) and free access to commercial chow and water ad

libidum, Ethics Committee in Animal Experimentation (protocol 12/2011).

OSCC induction

The induction of oral carcinogenesis was performed as previously described [25,
26]. Briefly, 4-nitroguinoline-1-oxide (4NQO) (Sigma-Aldrich) was dissolved in
ethylene glycol (Sigma-Aldrich) at 50 pg/mL or 200 pg/mL and stored at 4 °C.
Experimental mice received 4NQO daily during 28 weeks and control mice (n=5, per
group) received drinking water, only. After 28 weeks, mice were euthanized and tongue,
cervical lymph nodes, liver, lungs, stomach, duodenum, jejunum, ileum and large

intestine were collected for microscopic analysis.
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Histopathological analysis

Tongues and organs of 11 WT, 11 CCL3"", 6 CCR1” and 8 CCR5™ treated mice
were fixed in 10% buffered formalin, embedded in paraffin wax, longitudinally cut (3
pum sections) and stained with H&E. Tongue tumors were classified using scores
(adapted from [27]): O — normal epithelial architecture, 1 - mild dysplasia (changes
limited at basal third of lining epithelium), 2 - moderate (changes in two-thirds of lining
epithelium), 3 - severe (more than two-thirds), 4 - carcinoma in situ (full thickness of
the lining epithelium, without invasion of connective tissue) and 5 - invasive carcinoma
(carcinomatous islands into connective tissue). Twenty consecutive fields were
evaluated by two examiners (J.M.S and T.A.S) blinded from group status. The
Intraclass Correlation Coefficient test was performed (ICC = 0.83) to validate the

reliability of inter- and intra-examiner evaluations.

Immunohistochemistry and cell counting

Immunohistochemistry was performed in tongue sections using the streptavidin-
biotin method [28]. Briefly, slides were deparaffinized, dehydrated and rinsed in
distilled water, followed by incubation with 0.3% hydrogen peroxide and Avidin/Biotin
blocking system (Dako). Sections were then incubated with monoclonal mouse anti-
human Ki-67 (MM1, Novocastra), 4 °C overnight. Negative controls were obtained by
omission of primary antibody, which were substituted by 1% PBS-BSA. Cells were
analyzed by light microscope (Axioskop 40 Zeiss) at 1000x original magnification,

counted in 20 consecutive fields in two sections.
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Human samples analysis

Thirty three cases of OSCC, 39 cases of oral potentially malignant disorder
diagnosed as Oral Leucoplakia (OLK) and 16 cases of clinically oral health mucosa
(controls) were obtained from Laboratério de Patologia Bucal, Faculdade de
Odontologia, Universidade Federal de Goias and Hospital Araujo Jorge, Associacdo do
Combate ao Cancer em Goidas, Goiania (Ethics Committee approval 013/2010). OLK
samples were graded (adapted from [27]) for epithelial dysplasia (20 light, 14 moderate
and 5 high). CCL3 expression was evaluated by immunohistochemistry as described
above using rabbit polyclonal anti-human CCL3 (FL-92, Santa Cruz) at 1:50. CCL3
expression was quantified in epithelium and connective tissue by light microscopy in 10

consecutive fields at 400x original magnification.

Enzyme-Linked Immunosorbent Assay

SCC tongue lesions (4NQO, n=3) and clinically normal tongue samples (control,
n=3) were weighed and homogenized as described previously [28]. The homogenate
was centrifuged (8 946 x g) at 4 °C for 10 min and supernatant stored at -70 °C until
analysis. The concentration of CCL3 was measured using commercially available kit
(R&D Systems). The results are expressed as picograms of cytokines normalized for

100 mg tissue * standard deviation (SD).
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Real Time PCR array

Real Time PCR array was performed as previously described [29]. Total RNA
was extracted with the RNeasyFFPE kit (Qiagen Inc) according to the manufacturer
instructions. Real Time PCR array was performed in a Viia7 instrument
(LifeTechnologies) using custom panels "Wound Healing” (PAMM-121) and
"Inflammatory cytokines and receptors” (PAMM-011) (SABiosciences). Data were
analyzed by the RT2 profiler PCR Array Data Analysis online software
(SABiosciences) for normalizing the initial geometric mean of three constitutive genes
(GAPDH, ACTB, Hprtl), normalized by the control group and expressed as fold change

relative to the control group.

Cell Culture and MTS assay

Head and Neck Squamous Cell Carcinoma (HNSCC) cell lines (HN12 —
metastatic obtained from metastatic lymph node) and (HN13 — non metastatic from
primary squamous cell carcinoma of the tongue) [30] cultured in Dulbecco’s modified
medium - DMEM (Sigma-Aldrich), supplemented with 10% FBS (Gibco), antibiotics
and antimycotics (Cat. A5955, Sigma-Aldrich) in 5% CO? at 37 °C. The CellTiter 96®
AQueous One Solution Cell Proliferation Assay (Promega) was used to determine cell
viability according to the manufacturer’s instructions. Cells (1x10°) were plated on 96-
well plates (Corning Inc.) for 24, 48 and 72 hours before the addition of the MTS
solution (tetrazolium compound and phenazine methosulfate) (Promega).

Culture supernatants were collected at 24, 48 and 72 hours for ELISA using
commercial available kits for detection of CCL3, CCL5, IL-6 and TNF-o (R&D

Systems) as previously described.
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Proliferation assay

Cells (1x10°) were plated in 24-well plates (Corning) for 48 hours in serum-free
DMEM (control) or in presence of CCL3 (10 ng/mL). After incubation, supernatant was
removed and immunohistochemistry was performed as described above using anti-Ki67

(ab15580, ABcam). Ki67 positive cells were counted using the Image J software.

Zymogram assay

Cells (3x10°) were plated in a 6-well plate. After 24 h, medium was changed to
1 ml of serum-free DMEM, then, cells were treated or not (control) with CCL3 (10
ng/mL) and maintained for additional 24 and 72 hours. Twenty microliters of
supernatant were resolved by 12% SDS-PAGE (Cat. SM1841, Fermentas) containing 1
mg/mL gelatin. The gel was washed with 2% Triton X-100, incubated in 10 mM Tris—
HCl and 5 mM CaCl2 for 16 hours, 37 °C and then, stained with 0.25% Coomassie blue

(Sigma-Aldrich).

Invasion assay

The cell invasion assay was performed in 24-well plates using modified Boyden
chamber inserts with a polycarbonate filter membrane containing 8 pm pores. Matrigel
(Cat.35423C, BD Biosciences) was diluted 1:1 with serum-free medium and used to
coat the filter membranes. Cells (2x10°) were pre-treated with CCL3 (Cat. DY270,
R&D Systems) (10 ng/mL), antibody anti-CCL3 (FL-92; Santa Cruz Biotechnology)
(20 pg/mL) or Evasin-1 (AS9001965, 107 M) (Serono Pharmaceutical Research
Institute SA), a chemokine-bind protein that depletes CCL3 [31]. After 45 minutes, cells
were re-suspended in 250 pL serum-free DMEM and seeded onto the upper

compartment. DMEM containing CCL3 (10 ng/mL) was used in the lower chamber for
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stimulation. After 72 h, filters were fixed in 10% formalin for 15 min. Cells on the
lower surface were stained with Giemsa (Sigma-Aldrich). Five fields were
photographed at 200x original magnification using a Zeiss Axiovert 40 inverted

microscope and processed using the AxioVision Rel. 4.8.2 software (Carl Zeiss).

Statistical analysis

Statistical analysis was performed using the software GraphPad Prism 5.0
(GraphPad Software Inc.). The Student t Test was performed after checking for data
normality. Comparative analysis was performed by the Kruskall-Wallis, followed by
Dunn’s multiple comparison post test for human specimens. The results are reported as

the means £ SD. P values <0.05 are considered to be statistically significant.
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RESULTS

CCL3 production during experimentally-induced and human SCC
We first evaluated CCL3 expression in chemically-induced SCC lesions and the

concentration of CCL3 was significantly increased after 4NQO treatment when

compared to non-treated controls (P<0.05) (Fig. 1).
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FIGURE 1 — CCL3 concentration in SCC tongue lesions of C57BL/6 mice treated with
chemical carcinogen 4NQO for 28 weeks. Control mice received drink water along the

experimental period. n=3, per group. * P< 0.05 in relation to control.
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Next, we analyzed the CCL3 expression in human samples of healthy oral
mucosa, Oral Leukoplakia (OLK) with different grades of epithelial dysplasia, and
primary OSCC samples. CCL3 expression was markedly up-regulated in epithelial cells
of OSCC (parenchyma) (Fig. 2C and 2D) when compared with healthy oral mucosa
(Fig. 2A and 2D) and OLK (Fig. 2B and 2D). Additionaly, increased CCL3 expression
by epithelial cells in healthy oral mucosa in relation to OLK was seen. CCL3 was also
detected in connective tissue (stroma) and results showed a significant increase in oral
healthy mucosa compared to OLK with different grades of dysplasia. On the other hand,
no difference between CCL3 expression in stromal cells of samples of oral healthy

mucosa and OSCC was seen (Fig. 2D).
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FIGURE 2 — Immunohistochemical expression of CCL3 in samples of human oral healthy mucosa (A), oral Leucoplakia (OLK) (B) and OSCC
primary tumors (C). (D) The results are presented as the mean percentage of CCL3" cells in epithelium (parenchyma) and connective tissue
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SCC tumor formation is reduced in CCL3 and CCRS deficient mice

Our next approach consisted of inducing oral carcinogenesis in mice lacking
CCL3 or its receptors CCR1 and CCR5. SCC was induced by 28 weeks of treatment
with 4NQO, as previously reported [25,32]. Clinically, SCC occurred as exophytic,
papillomatous, white and base-attached tongue lesions (Fig. 3C). Comparatively, SCC
tongue tumors formation was more prominent in WT (Fig. 3C) than CCL3"-treated
mice (Fig. 3D). No changes in tongue surface were observed in control groups (Fig. 3A

and 3B).

FIGURE 3 - Clinical findings in tongue of WT and CCL3” mice after 4NQO
treatment (n=6 and n=7, respectively). Macroscopic appearance of WT (A) and CCL3™"
(B) control mice. (C) and (D) represent characteristics of SCC induced lesions in WT
and CCL3" treated mice, respectively. Asterisks indicate clinical lesions (Barr = 0.1

cm).
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Microscopic analysis was consistent with clinical findings and showed
pronounced cytomorphological atypia (P<0.05), with 100% of lesions graded as
carcinoma in situ and invasive carcinoma (scores 4 and 5, respectively) in WT-treated
mice (Fig. 4C and 4G). In contrast, CCL3"-treated mice presented lesions with lower
grade of cellular atypia and severity, with 57% of the lesions graded as moderate and
severe dysplasia (scores 2 and 3, respectively) (Fig. 4D and 4G) and 43% classified as
carcinoma in situ. Accordingly, CCL3™-treated group had significantly reduced Ki67
immunopositivity, when compared with WT-treated mice (Fig. 4F, 4E and 4H). No

changes were seen in epithelium architecture in control groups (Fig. 4A, 4B and 4G).
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FIGURE 4 — Microscopic findings of SCC-induced lesions in WT and CCL3"" mice after 4NQO treatment (n=6 and n=7, respectively).
Histological characteristics of (A) WT and (B) CCL3" control mice. Histopathological characteristics of SCC induced lesions of (C) WT and
carcinoma in situ in (D) CCL3™ treated mice. Ki67 immunoexpression in tongue of (E) WT and (F) CCL3™ treated mice. G — Histopathological
score of tongue lesions. H — Quantification of total Ki67" cells in lesions from WT and CCL3™ control and treated groups. *P<0.05 in relation to

respective control, #P<0.05 when comparing 4NQO- treated groups.
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To confirm the relative protection of CCL3 deletion in oral carcinogenesis, a
more “aggressive” OSCC model using high dose of 4NQO (200 pg/mL) was used [26].
Macroscopic and microscopic analysis revealed a similar incidence and clinical features
of SCC lesions in tongue of WT mice treated with 50 or 200 pg/mL of 4NQO. Again,
WT-treated mice exhibited increased tumor formation when compared with CCL3"-
treated mice (Fig. 5A, 5C and 5B, 5D respectively). Noteworthy, while WT-treated
group exhibited pronounced cytological atypia and dysplasia (100% of lesions were
graded as invasive carcinoma — score 5), CCL3™-treated mice did not present any score

of “invasive carcinoma” (data not shown).

FIGURE 5 — Clinical and microscopic findings in WT and CCL3™ mice after 4ANQO
treatment at 200 pg/mL (n=7 and n=4, respectively). Macroscopic tongue appearance of
(A) WT and (B) CCL3™ -treated mice. Asterisks indicate clinical lesions (Barr = 0.1
cm). (C) and (D) represent respectively, the histopathological findings in WT and

CCL3™-treated mice.
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CCR1"-treated mice presented similar production of tumors (Fig. 6A) and
histopathological score (Fig. 6C and 6G) in comparison with those WT-treated mice
(Fig. 6G). In contrast, CCR5"-treated mice exhibited reduced incidence of tumor
formation (Fig. 6B) and lower histopathological scores (Fig. 6D, 6G) that was similar to
those CCL3-treated mice (Fig. 6G). Moreover, proliferative activity was decreased in
lesions from CCR5™-treated mice compared with CCR1”-treated mice (Fig. 6F, 6E and
6H). CCR1" and CCR5 control groups did not present any changes in tongue surface
(data not shown) or abnormalities in epithelium architecture (Fig. 6G).

The histopathological analysis of cervical lymph nodes and organs revealed no
occurrence of metastasis after treatment with different doses of 4NQO. However, liver
of treated mice presented variable degrees of hepatocytes tumefaction, steatosis and
hemorrhage. The stomach and intestine also presented variable degrees of
hyperqueratosis, hyperplasia and inflammation. These findings were similar for all

groups of treated-mice (data not shown).
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FIGURE 6 — Clinical and microscopic findings in tongue lesions of CCR1" and CCR5” mice after 4NQO treatment (n=6 and n=8,
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control and treated groups *P<0.05 in relation with respective control, #P<0.05 when comparing 4NQO- treated groups.
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Mice lacking CCL3 have reduced expression of angiogenic factors and ECM
components in SCC lesions

Since we have observed reduced SCC formation in CCL3 deficient mice, we
next evaluated if expression of angiogenic factors, cytokines and ECM components
would be consistently affected at the tumor milieu by absence of CCL3. WT-treated
mice presented significantly increased expression of proliferative and angiogenic factors
Egf , Fgfl, Tgfpl,Vegfa and Vegfb - and inflammatory cytokines - 1I-6 and Tnf-a.
Additionaly, there was increased expression of matrix components - Collal, Mmp-1a,
Mmp-2, Mmp-9 - and adhesion molecules - Itga4 and Vtn in WT-treated mice in relation
to non-treated group (Fig. 7A). On the other hand, CCL3"-treated mice had
significantly decreased expression of angiogenic factors Egf, Fgfl, Tefs1, Vegfa, Vegfb,
inflammatory cytokines 11-6 and Tnf-a, matrix components, Mmp-1a, Mmp-2, Mmp-9,

and adhesion molecules Itga4, Vtn (Fig. 7B).
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CCL3 stimulated cell proliferation and induced expression of cytokines and MMP’s
The evidence obtained in our previous experiments suggested that lack of CCL3
turned down pathways associated with invasiveness and proliferation in SCC. Next we
sought to investigate if CCL3 directly affects neoplastic cell. Initially, we assessed
CCL3 production by metastatic (HN12) and non-metastatic (HN13) lineages under
steady state conditions, and observed that the metastatic lineage produced increased
levels of CCL3 in relation to the non-metastatic (35.69+1.55 and 13.9748.35,
respectively). HN12 was then selected for subsequent experiment due to its metastatic
behavior. We then determined the effect of different CCL3 concentrations (5, 10 or 20
ng/mL) on cellular viability. CCL3 at 10 ng/mL did not affect cell integrity and this
concentration was used in subsequent experiments. Results showed that under CCL3
stimuli, HN12 cells produced significantly increased levels of CCL5 and IL-6 as
compared with control (Fig. 8A and 8B). Levels of TNF-a did not increase significantly
after CCL3 stimulation (Fig. 8C). As extracellular matrix components degradation is an
essential step to tumor invasion [33] we analyzed if CCL3 would induce the expression
of matrix metalloproteinases (MMPs). Indeed, there was a significant increase in
production of MMP-2, MMP-8 and MMP-9 after CCL3 treatment (Fig. 8D, 8E and 8F).
On the other hand, HN12 cultures stimulated with CCL3 had similar proliferation, as
measured by expression of Ki67, in comparison with control (non-stimulated HN12

cells in DMEM-serum free media) (Fig. 8G).
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Blockade of CCL3 significantly impaired invasion of HN12 cells in vitro

Previous results showed that CCL3 affects cell proliferation and ECM
remodeling, then, we tested if CCL3 induces invasion of neoplastic cells in vitro.
Results showed that after treatment with CCL3 (10 ng/mL), a significant increase of
cells that invaded through membranes was seen in comparison with control group
(P<0.05; Fig. 9). We further analyzed if therapies blocking CCL3 could prevent CCL3-
mediated invasion. Treatment with anti-CCL3 antibody significantly impaired invasion
of HN12 cells in relation to cells treated with CCL3. Evasin-1 also decreased the
number of invaded cells (Fig. 9). Our results provide definitive evidence that CCL3 is
relevant for oral carcinogenesis, regulating tumor cell interactions and neoplastic cells

behavior.
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FIGURE 9 — Effect of pharmacological blockage of CCL3 on invasion of HN12
(metastatic) cells. Cells were first pre-treated with anti-CCL3 antibody (20 pg/mL) or
Evasin-1 (107 M) and then, stimulated with CCL3 (10 ng/mL). Non-stimulated HN12
cells comprised the control group. Y axis represents the quantification of total number
of invaded HN12 cells. Experiments were performed in triplicate and results from three
independent experiments were considered. *P<0.05 in relation to control, #P<0.05 when

comparing with CCL3-treated group.
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DISCUSSION

The main findings of this study can be summarized as follows: 1) Enhanced
expression of CCL3 was detected in experimentally-induced and human carcinogenesis;
2) Absence of CCL3 and CCR5, but not CCR1, reduced chemically-induced SCC
formation as confirmed by clinical presentation, decreased histopathological scores and
lower proliferative activity of lesions; 3) Oral carcinogenesis in the absence of CCL3 is
associated with attenuated expression of angiogenic factors, cytokines and matrix
metalloproteinases; 4) In vitro, CCL3 directly stimulates tumor cells to invade and
produce cytokines and matrix metalloproteinases; 5) Specific effects of CCL3 on tumor
cells were proved by using CCL3 antagonists. Finally, our results clearly demonstrated
the relevance of CCL3 acting via CCRS5 in oral carcinogenesis. This is the first study
that provides mechanistic data linking CCL3 to oral cancer.

We first observed an increased CCL3 expression in human OSCC and
experimentally-induced tongue carcinomas. Accordingly, CCL3 levels were shown to
be increased in different types of tumors as hepatomas [16], multiple myeloma [20] and
chronic lymphocytic leukemia [21]. We also verified the contribution of epithelial cells
expressing CCL3 in human OSCC samples, which was higher compared with oral
health mucosa and potentially malignant disorder OLK. OLK with different grades of
epithelial dysplasia exhibited similar CCL3 expression what may suggest that this
chemokine does not affect early stages of oral carcinogenesis. However, this topic needs
to be further explored once malignant transformation rates in OLK could not be clearly
defined [34]. Different from OSCC, in which CCL3 is significantly expressed in

epithelium, in oral health mucosa there is a balanced expression in epithelium and
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connective tissue. These findings might account for a role of CCL3 also in oral mucosa
homeostasis as described in other processes [35].

Previous data from our group showed that CCL3 expression in primary OSCC
was related with poor cumulative survival rates [23]. These results indicated a possible
functional role for CCL3 in oral tumorigenesis and prompted us to explore it. Because
of intrinsic limitations as the variability of tumors, stage and parameters analyzed in
studies with human samples we herein used an acceptable model of oral carcinogenesis
by administration of the water-soluble chemical carcinogen 4NQO. In our conditions,
4ANQO treatment was efficient to produce tongue tumors as described elsewhere [25,32].
However, our data are not similar to a previous one [26], since no metastasis in cervical
lymph nodes and other organs was detected using a high dose of carcinogen.

Treatment with 4NQO resulted in squamous cell carcinoma lesions formation in
tongue of mice. Most of lesions analyzed were exophytic, papillomatous, white and
base-attached. However, in the absence of CCL3 and CCR5, but not of CCR1, SCC
formation was significantly reduced. Accordingly, microscopic analysis revealed
decreased histopathological scores and decreased proliferative activity of lesions in
mice lacking CCL3/CCRS5. To date, this is the first demonstration that CCL3 preferably
binding to CCR5 influences oral carcinogenesis. Other two studies found similar results
where deficiency of CCL3/CCR5 system resulted in significantly reduced tumor
formation and reduced lung metastasis [18,19]. On the other hand, a study demonstrated
that absence of CCL3/CCR1 but not CCL3/CCRS5 resulted in decreased incidence of
hepatocellular carcinoma [17]. Such discrepancy could be explained due to differences
in mice models and tumors in these studies.

Previous data from our group and others have highlighted the participation of

other chemokines and receptors in OSCC development [11-15]. Some of these
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molecules are capable of influencing pivotal events in tumorigenesis as regulation of
inflammatory cell trafficking to tumor microenvironment and neovascularization
[36,37]. In attempt to dissect if CCL3 affects tumor milieu we evaluated the expression
of molecules involved with tumor proliferation (EGF, TGF-p and TNF-a) [38,39] and
angiogenesis (Tgf-p1, Vegfa, Vegfb) [40-42]. We demonstrated that in the absence of
CCL3, the expression of markers Egf, Tgf-f1, Vegfa, Vegfh, 11-6, Tnf-a, Itgad, Vtn was
significantly reduced. Previous studies corroborate these findings where reduced
expression of angiogenic markers were observed in tumors from CCL3 deficient mice
[17,18]. The decreased expression of adhesion molecules such as Itga4 and Vtn in SCC
lesions from CCL3 deficient mice may be indicative that CCL3 also interferes with
neoplastic cells adhesion and motility within tumor microenvironment as described for
other tumor types [43].

In vitro experiments account for a direct effect of CCL3 in neoplastic cells. First,
we have observed abundant basal CCL3 production in vitro by HNSCC cell line with
metastatic potential, as previously reported [44]. Although we observed in vivo the
decreased Ki67 immunopositivity in mice lacking CCL3/CCR5, CCL3 stimulated
HN12 cells proliferation similarly when compared with non-stimulated cells.
Collectively, results indicate that CCL3 is not essential to induce cell proliferation at
tumor sites because in vivo data probably resulted from reduced incidence of tumor
formation in CCL3 and CCR5 deficient mice. On the other hand, HN12 cells were
found to produce CCL5, IL-6 and TNF-a under CCL3 stimuli, consistently with
reduced expression of these molecules in tongue tumors of CCL3 deficient mice,
notably regarding the IL-6 and TNF-a. Accordingly, previous studies demonstrated the

pro-inflammatory and pro-tumorigenic effects of IL-6, influencing tumor angiogenesis
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for example [45]. From these results, we can hypothesize that CCL3 produced by
neoplastic cells have autocrine and paracrine effects at tumor sites.

Tumor microenvironment remodeling is a critical step for invasion and
metastasis [33]. MMP’s production in OSCC tissues are chief in this processes [46,47].
In vitro, we verified that HNI12 cells showed increased MMP’s production and
invasiveness when stimulated with CCL3. Interesting, SCC samples from CCL3
deficient mice exhibited diminished expression of Mmp-la, Mmp-2 and Mmp-9.
Additionally, we observed that Timpl and Collal were consistently up-regulated in
absence of CCL3. These results are similar to previous findings pointing CCL3 as
stimuli for MMP-9 expression in metastatic murine lung tumors [18]. Confirming the
specificity of CCL3 effect, a significant reduction in cellular invasion was observed by
CCL3 antagonism. Similarly, previous data showed CCL3-induced pseudopodia
formation in hepatoma cells [22]. The use of specific drugs to inhibit CCL3/CCR5
activity could represent potential strategies in context of oral cancer. In this regard, the
use of Evasin-1, a binding-CCL3 protein [48-50], significantly reduced CCL3-mediated
invasion by HNSCC cell line.

In conclusion, current findings provide definitive evidence of CCL3-CCR5 axis
contribution in experimental oral carcinogenesis. Collectively, results suggest that
CCL3 endogenously produced display direct regulatory effects in tumor cells and
probably in neighboring cells at tumor sites. Moreover, CCL3 signaling affects
pathways involved in tumor angiogenesis and tumor invasiveness through induction of

extracellular matrix remodeling and gain of mobility of neoplastic cells.
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ABSTRACT

Chemokines and chemokine receptors are considered critical in oral
tumorigenesis. The atypical chemokine receptor ACKR2 is a scavenger of CC
chemokines controlling the availability of these molecules. In this study, we evaluate if
the deletion of ACKR2 affects oral carcinogenesis. WT and ACKR2 deficient mice
(ACKR2™) were treated with 4-nitroquinoline-1-oxide (4NQO) in drinking water for 28
weeks. Tongues were collected for macro and microscopic analysis and to evaluate
expression of CC chemokines and its receptors, inflammatory cytokines, angiogenic
factors, adhesion molecules and extracellular matrix components. Results revealed
similar incidence of squamous cell carcinoma (SCC) lesions in WT and AKCR2™ mice.
Consistently, microscopic analysis showed similarity in histopathological parameters in
both mice lineages. The mRNA expression of CC-chemokines, CCL2, CCL3, CCL4,
CCL5, CCL12 and the receptors CCR1, CCR2 and CCR5 were increased in tongue
lesions of both groups in relation to controls. However, SCC lesions of ACKR2"
exhibited higher expression of CCL2, IL-6 and IL-17 than WT mice. The results
suggest that deletion of ACKR?2 affects tumor microenvironment, but these changes are

not sufficient to modify the course of chemically-induced oral carcinogenesis in mice.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most common oral neoplasm
worldwide and frequently presents an unfavorable prognosis (Ferlay et al., 2014;
Warnakulasuriya, 2009). The locally infiltrative and metastasizing behavior of OSCC is
linked to neoplastic cells and their surrounding stroma. It comprises a wide range of
molecules influencing angiogenesis, tumor growth, invasion and metastasis
(Koontongkaew, 2013). In this regard, chemokines display critical functions in oral
tumorigenesis (reviewed by Silva et al.,, 2016). Some studies showed that CC
chemokines e.g. CCL2, CCL5, CCL7, CCL21 and respective receptors have pro-
tumorigenic effects in vitro and/or in vivo (Li, et al., 2014; Chuang et al., 2009; Shang et
al., 2009; Jung et al., 2009). Moreover, an increased expression of CC chemokines was
detected in OSCC (Ferreira et al., 2008; Silva et al., 2007) and in experimentally-
induced oral carcinomas (Silva et al., 2014). The availability of these molecules in
tumor microenvironment is regulated by atypical chemokine receptors, recently
characterized, as ACKR2 (previously named D6) (Vetrano et al., 2010; Jamieson et al.,
2005; Savino et al., 2014; Langenes et al., 2013). ACKR2 binds with high affinity to
CC chemokines acting as “scavenger” (i.e. internalizing, but without triggering
intracellular signaling function) and therefore, controls tumor-associated inflammatory
response in vivo (Massara et al., 2016; Vetrano et al., 2010; Jamieson et al., 2005). This
receptor is expressed in tissues and cell types from distinct sources, as in lymphatic cells
(Hansell et al., 2015), skin (Jamieson et al., 2005) and by neoplastic cells (Langenes et
al., 2013; Savino et al., 2014).

The protective effects of ACKR2 was demonstrated in Kaposi Sarcomas (Savino

et al., 2014), chemically skin-induced tumors (Nibbs et al. 2007), breast cancer (Wu et
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al., 2008), and colon adenocarcinomas (Langenes et al., 2013). To date, no studies have
focused in ACKR2 in oral cancer. Therefore, in the current study the involvement of
ACKR?2 in oral tumorigenesis was investigated employing a chemically-induced model

of squamous cell carcinoma in mice.
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MATERIALS AND METHODS

Animals

C57BL/6 (wild type - WT) 6-8 weeks male mice were obtained from Centro de
Bioterismo do Instituto de Ciéncias Biologicas (CEBIO), Universidade Federal de
Minas Gerais, Brazil. ACKR2™ deficient mice were bred and obtained from Laboratory
of Pulmonary Immunology and Mechanics, Department of Physiology and Biophysics,
Institute of Biological Sciences, Universidade Federal de Minas Gerais, Brazil. Mice
were maintained in the Immunopharmacology laboratory’s animal facility under
standard conditions with a 12 h light/dark cycle, controlled temperature (24 + 2°C) and
free access to commercial chow and water ad libidum. All experimental procedures
described in the current study were approved by the institutional Ethics Committee in

Animal Experimentation (protocol 12/2011).

Experimental OSCC induction

The induction of oral carcinogenesis was performed as previously described
(Tang et al., 2004; Li et al., 2013). The 4-nitroquinoline-1-oxide (4NQO) (Sigma-
Aldrich) was obtained as a powder, dissolved in ethylene glycol (Sigma-Aldrich) and
stored at 4 °C until administration. Weekly, a stock solution was prepared and diluted in
mice drinking water at 50 pg/mL. Experimental mice received 4NQO daily during 28
weeks and control mice (n=5 per group) received drinking water for the same period.
As a purpose of stablishment of lymph node metastasis model, mice were also submited
to treatment with 4NQO at 200 pg/ml, as previously reported, (LI et al.,2013). Mice
were treated during 20 weeks, when 4NQO was substituted by water and mice were

followed until the twenty-eighth week.
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No difference of mean intake of 4NQO or water was observed among groups.
After 28 weeks, mice were euthanized and tongue, cervical lymph nodes, liver, lungs,
stomach, duodenum, jejunum, ileum and large intestine were collected for microscopic

analysis. Tongues were photographed for macroscopic analysis.

Light microscopy analysis

The tongues, cervical lymph nodes, liver, lungs, stomach, duodenum, jejunum,
ileum and large intestine of 11 WT and 11 ACKR2 deficient mice were fixed in 10%
buffered formalin, embedded in paraffin wax, longitudinally cut (3 um sections) and
stained with H&E. The histopathological analysis of tongue sections was performed by
two examiners (J.M.S and T.A.S) that were properly blinded from the group status. The
Intraclass Correlation Coefficient test was performed to validate the reliability inter- and
intra-examiner. Ten representative fields were considered and the histopathological
grading of tongue lesions was performed taking into account the following scores
(adapted from Barnes et al., 2005): 0 — normal epithelial architecture, 1 - mild dysplasia
(changes limited at basal third of lining epithelium), 2 - moderate (changes present in
two-thirds of lining epithelium), 3 - severe (more than two-thirds of epithelium
affected), 4 - carcinoma in situ (full thickness of the lining epithelium, but without
involvement of the connective tissue) and 5 - invasive carcinoma (carcinomatous
islands into the connective tissue). At least three sections of each organ were evaluated

by a general pathologist (M.A.R) blinded of group status.
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Immunohistochemistry and cell counting

The immunohistochemical staining was performed using the streptavidin-biotin
method as previously reported (Silva et al., 2014). Briefly, sections of mouse tongue
tumors were deparaffinized, dehydrated and rinsed in distilled water. The antigen
retrieval was performed at 96 °C for 25 minutes in citric acid buffer (pH=6.0), then,
slides were incubated with 0.3% hydrogen peroxide 15 minutes twice and with
Avidin/Biotin blocking system (Dako) following the manufacturer instructions. Then,
sections were incubated at 4 °C overnight with rabbit polyclonal anti-mouse Ki-67
(cat.15580, ABcam) followed by incubation with LSAB Secondary Antibody Kit
(Dako). Negative controls were obtained by omission of primary antibody, which were
substituted by 1% PBS-BSA. The Ki67 immunostained cells were analyzed by light
microscope (Axioskop 40 Zeiss) at 1000x original magnification and counted in 20
consecutive fields in two sections. Results are expressed as the total number of Ki67"

cells in all epithelial layers, per field.

Real Time PCR array

Real Time PCR array reactions were performed as previously described (Vieira
et al., 2015). Briefly, the total RNA was obtained from gross lesions and from clinically
normal tongue samples (n=4 per group). Extraction was performed with the
RNeasyFFPE kit (Qiagen Inc) according to the manufacturer instructions. The
complementary DNA was synthesized by reverse transcription reaction (Superscript 111,
Invitrogen) from 3 pg of total RNA and Real Time PCR array was performed
employing a custom panel containing the targets "Wound Healing" (PAMM-121) and
"Inflammatory cytokines and receptors” (PAMM-011) (SABiosciences). Data were

analyzed by the RT2 profiler PCR Array Data Analysis online software
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(SABiosciences) for normalizing the initial geometric mean of the constitutive genes
GAPDH, ACTB and Hprtl and subsequently normalized by the control group, and

expressed as fold change relative to the control group.

Statistical analysis

Statistical analysis was performed using the software GraphPad Prism 5.0
(GraphPad Software Inc.). The Student t Test was performed after checking for data
normality. The results are reported as the means + SD. P values <0.05 are considered to
be statistically significant. For PCR array data, statistical significance was evaluated by
the Mann-Whitney test, and the values tested for correction by the Benjamini -

Hochberg Procedure.



100

RESULTS

In this study we first aimed to dissect the significance of the atypical chemokine
receptor ACKR2 in chemically-induced oral squamous cell carcinoma in tongue of WT
and ACKR2" deficient mice. Clinic examination of SCC-induced lesions showed
apparent similarity in tumors induced by 4NQO (50 pg/mL) treatment. The lesions were
mostly exophytic (protruding from tongue surface) or papillomatous, whitish and base
attached (Fig. 1C and 1D). No macroscopic changes in tongue surface were observed in

the control groups (Fig. 1A and 1B).

FIGURE 1 - Clinical findings of SCC-induced lesions in WT and ACKR2" mice after
4ANQO treatment (n=5, per group). Macroscopic tongue appearance of WT (A) and
ACKR2™" (B) control mice (n=5 per group). SCC gross lesions in WT (C) and ACKR2"

(D) -treated mice. Asterisks indicate clinical lesions (Bar = 0.1 cm).
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Microscopic analysis was consistent with clinical findings and results showed
increased cytomorphological atypia and similar scores of epithelial dysplasia in WT and
ACKR2"-treated groups (Fig. 2C, 2D and 2G). The immunohistochemical staining
revealed significantly increased percentage of Ki67" keratinocytes in lining epithelium
and connective tissue in both treated groups after 4NQO treatment in relation to
respective control groups (Fig. 2H). However, no significant difference was seen when
comparing WT and ACKR2™" treated mice (Fig. 2H).

In addition, WT and ACKR2” mice were submitted to a “more aggressive”
OSCC model by using four times greater concentration of 4NQO (200 pg/mL).
Consistently, results showed increased cytomorphological atypia and lesions were
graded with the worse epithelial dysplasia score (100% invasive carcinoma) in WT and

ACKR2" treated groups, but no differences were observed between treated groups in

both concentrations tested (Fig. 2E, 2F and 2G).
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Taking into account the CC chemokine “scavenging” ability reported to ACKR2
in controlling tumor-associated inflammatory response, we next analyzed the expression
of CC-chemokines and their receptors. We also evaluated the inflammatory cytokines
Interleukin (IL)-1p, IL-4, IL-6, 1L-10, IL-12, IL-17, Interferon gamma - IFN-y, and
Tumor Necrosis Factor-alpha — TNF-a in tongue lesions. Interestingly, results showed
important increase of chemokines CCL3 and CCL5 - and their receptors CCR1, CCR2
and CCR5, as well as CCL4 and CCL12 in both treated groups when compared with
controls. In addition, the mRNA expression of chemokine CCL2 was found -one fold
increase higher in SCC-induced lesions from ACKR2™ in relation to WT (Fig. 3A).
Consistently, all inflammatory cytokines analyzed showed increase in WT and ACKR2"
"_treated groups, except for IL-4. The expression of IL-6 and IL-17 were significantly
enhanced in ACKR2™ -treated when compared to WT-treated mice (Fig. 3B). We
further analyzed the expression of angiogenic factors, cellular adhesion molecules and
extracellular matrix components. Results showed significant similar increased
expression of angiogenic (Epidermal Growth Factor — Egf, Fibroblast Growth Factor 1
— FGFland FGF2, Vascular Endothelial Growth Factor a — Vegfa and Vegfb), the
adhesion proteins (Collagen 1al — Collal, Colla2, Integrin A4 — Itga4, and Vitronectin
— Vtn) and extracellular matrix components (Matrix Metalloproteinase 1a — Mmp-1a,
MMP-8, MMP-9, Tissue inhibitor of metalloproteinasel - Timpl and Timp3 and
Serpine) in induced lesions of both groups after 4ANQO treatment in relation to the
controls (Fig. 3C). No significant differences were seen in the expression of these
molecules when comparing SCC lesions from ACKR2"-treated and WT-treated mice

(Fig. 3C).
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DISCUSSION

The atypical chemokine receptor ACKR2 promotes clearance of CC
chemokines, controlling tumor-associated inflammatory responses (Nibbs et al., 2007;
Vetrano et al., 2010, Wu et al., 2008). Previous studies highlighted the importance of
CC chemokines in oral cancer (Li, et al., 2014; Chuang et al., 2009; Shang et al., 2009;
Jung et al., 2010), but there are no information of ACKR2 effects in oral tumorigenesis.
Our results demonstrated that ACRK2 deletion did not modify the clinical course of oral
tumorigenesis in this mice model. Despite similarity of histopathological grade of SCC
lesions, the expression of inflammatory molecules (CCL2, IL-6 and IL-17) was
significantly increased in lesions of ACKR2 knockout mice. These results indicate that
deletion of ACRK2 impacts on SCC microenvironment, but the changes are insufficient
to modify tumor progression.

Herein, both ACKR2” and WT -treated mice had similar characteristics in
induced-SCC lesions, regarding macroscopic and histopathological parameters. The
current findings are in accordance with previous studies showing that mice lacking
ACRK?2 did not differ for hepatic tumor formation when compared with WT, but these
mice exhibited significant increase of CC chemokines and leucocytes (Schneider et al.,
2012). On the other hand, preclinical models with constant induction of inflammation
(i.e. DSS-induced colon cancer and DMBA/TPA skin-induced tumors) showed that
mice lacking ACKR2 were more susceptible for tumor formation when compared to
WT. Indeed, these studies have observed a predominant pro-inflammatory phenotype in
absence of ACKR2 with significative accumulation of chemokines and massive
infiltration of inflammatory cells (Vetrano et al., 2010; Nibbs et al., 2007). In addition,

protective activities of ACKR2 were demonstrated by others, where down-regulation of
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ACKR?2 in colon adenocarcinomas correlated with increased expression of chemokine
CCL22 and worse tumor parameters (Langenes et al., 2013).

Because we did not observe significant difference in SCC induction between
WT and ACKR2", we submitted mice to a high-dose of 4NQO, as previously reported
(Li et al., 2013). Nevertheless, no difference in clinical or microscopic parameters was
detected between the groups. Also, high-dose of 4NQO did not induce lymph node
metastasis or distant metastasis. In addition, the proliferative index of tongue lesions
was consistent with our clinical and histopathological findings. An increased index of
Ki67 staining were similarly seen in WT and ACKR2™ -treated mice suggesting that
ACKR2 does not affect cell proliferation. However, a previous study did observe a
significant increase of epidermal proliferation in basal and suprabasal layers after topic
application of phorbol-ester in skin of ACKR2”" mice (Jamieson et al., 2005).

The protective effects of ACKR2 are attributed to its anti-inflammatory
properties due to reduced availability of inflammatory mediators and infiltration of
leukocytes (Wu et al., 2008; Nibbs et al., 2007; Vetrano et al., 2010, Savino et al.,
2014). Interestingly, Schneider et al. (2012) showed that although DEN-induced
hepatocarcinogenesis increased intrahepatic expression of CC chemokines and tumor-
associated inflammation in ACKR2” mice, these changes were not sufficient to
influence tumor formation and progression (Schneider et al., 2012). Regarding our
findings, one important point that deserves discussion is that by 4NQO-induced SCC
usually does not exhibit pronounced immune cell infiltration (Gannot et al., 2004; Silva
et al., 2014). Moreover, the experimental design with one point evaluated in time (28
weeks of carcinogen treatment), precludes drawing inferences of ACKR along
neoplastic events. From this, the current results do not allow us to exclude ACKR2

relevance on oral carcinogenesis. Moreover, other ACKR’s were implicated in cancer
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progression (Massara et al., 2016). In this regard, ACKR1 (previously called DARC),
ACKR2 and ACKR4 (CCX-CKR) showed protective roles in tumors. For example,
ACRK1 which is expressed by red blood cells promoted scavenging of angiogenic
chemokines and suppressed blood vessel density and prostate tumor growth (Shen et al.,
2006). ACKR2 inhibited leukocyte infiltration and consequently inflammation in
tumors (Nibbs et al., 2007, Vetrano et al., 2010; Savino et al., 2014). Moreover, ACKR4
was demonstred to control tumor growth and metastasis because its properties of
scavenging homeostatic chemokines CCL19/CCL21 in hepatocelullar carcinomas (Shi
et al., 2014). On the other hand, ACKR3 (termed CXCR7) exhibited dual functions in
breast cancer once its expression by cancer cells promoted tumor proliferation and
angiogenesis (enhancing microvessel density and VEGFa) in vitro, whereas it was able
to impair cell invasion in response to metastatic chemokine CXCL12 in vivo and in
vitro (Hernandez et al., 2011). These findings clearly indicate that ACKR’s deserve
further investigation in oral cancer.

Because tumor milieu is a rich environment that comprises a wide range of
molecules as chemokines, growth factors, inflammatory mediators that may interfere
with tumorigenesis (Hanahan, Coussens 2012; Balkwill, 2004) and because ACKR2
was demonstrated to efficiently control inflammatory response in vivo, our next
approach was to evaluate expression of CC-chemokines and receptors related with
ACKR2 functions. Indeed, we have seen a coherent residual accumulation of f-
chemokines CCL3, CCL4 and CCL5 in absence of ACKR2. Additionally, CCL2 was
significantly accumulated in tongue lesions of ACKR2" treated mice. These findings
are in accordance with previous reports (Jamieson, et al., 2005; Nibbs et al., 2007;
Vetrano et al., 2010; Schneider et al., 2012; Hansell et al., 2015) and corroborate the

CC-chemokine scavenging abilities of ACKR2.
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Moreover, expression of inflammatory cytokines showed significant two- to six
fold increase of most evaluated molecules, IL-10, IFN-y and TNF-a, which was similar
when comparing WT and ACKR2”mice. Interestingly, IL-6 and IL-17 were
significantly increased in ACKR2” compared to WT. Consistently, increased
production of TNF-a and IL-17 was seen in inflamed joints of ACKR2™ arthritic mice
compared to WT (Hansell et al., 2015). Additionally, ACKR2 deletion resulted in
enhanced TNF-o, IFN-y and IL-17A levels in late stages of DSS-induced colitis,
whereas CC chemokines and IL-2, IL-10, IL-12 or IL-23 remained unchanged,
regardless of better clinical symptoms and histological score. This paper showed IL-17"
vd T cells into inflamed colon. Curiously, these protective effects observed in absence
of ACKR2 were abolished after anti-IL-17 administration, indicating a regulatory effect
in host inflammatory responses and concluding that impact of ACKR2 deficiency
depends on the precise nature of challenge (Bordon et al., 2009).

Taking into account the increased activation of some inflammatory pathways in
SCC-induced lesions in absence of ACKR2, we next evaluated the expression of
mediators involved with tumor proliferation, angiogenesis and tissue remodeling.
Herein, we did observe that 4NQO treatment induced coherent increase of proliferative
(EGF), angiogenic (FGF1 and FGF2, VEGFa and VEGFb) and tissue remodeling
(collagen, adhesion proteins, MMP’s and TIMP’s) markers in SCC-induced lesions,
although no significative differences were achieved when comparing ACKR2” with
WT. In contrast, Savino et al. (2014) showed increase of VEGFa and CD31 in
transfected Kaposi sarcoma sections that did not express the receptor ACKR2 (KS)
(Savino et al., 2014). The significance of these mediators triggering cell proliferation,
angiogenesis and extracellular matrix remodeling have been reported in oral

tumorigenesis (Datekoa et al., 2012; Vassilakopoulou et al., 2015; Stokes et al., 2010).
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Current results suggest that ACKR2 does not affect proliferation/angiogenic and matrix
remodeling pathways in our conditions. In conclusion, the precise mechanism of
ACKR?2 deficiency in SCC-induced tumorigenesis and progression (i.e. if inflammatory
mediators activate specific host immune responses, and/or possible effects of other
ACKR’s) could be explored in further studies. Results of the present study indicate that
ACKR2 may turned up inflammatory pathways at tumor sites but these changes did not

influence the course of tongue carcinogenesis in this mice model.
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6 — DISCUSSAO

No presente estudo foi proposta a utilizagdo de um modelo de carcinogénese
induzida quimicamente pelo 4NQO para estudar o eixo CCL3/CCR1/CCRS5 in vivo
como uma alternativa as limitagdes inerentes ao se realizar estudos em humanos
permitindo um melhor controle de varidveis experimentais. Além das vantagens como
solubilidade e facilidade na administracdo, o0 modelo com o 4NQO também permite
estudar todas as etapas envolvidas no processo de carcinogénese. Entretanto, o longo
tempo necessario para o desenvolvimento das lesdes, a toxicidade utilizando-se altas
concentracOes, e a auséncia da ocorréncia de metastases linfonodais foram algumas das
limitacGes observadas neste estudo. Por isso, neste trabalho avaliagfes in vitro também
foram empregadas para o melhor entendimento dos mecanismos pelos quais CCL3 afeta
a carcinogénese oral.

Um numero crescente de evidéncias tem destacado a participacdo de
quimiocinas e seus receptores na patogénese do CCEB, conforme recentemente
revisado por SILVA et al. (2016). Tais evidéncias mostraram que quimiocinas
produzidas tanto pelas células do tumor quanto pela heterogénea populacdo de células
que compdem seu estroma podem modular direta e indiretamente vias que controlam a
proliferacdo, angiogénese e o ganho de motilidade e invasividade das células tumorais
(ALBERT et al., 2012; ALMOFTI et al., 2004; CHUANG, et al., 2009; FERREIRA et
al., 2008; ISHIKAWA et al., 2006; JUNG et al., 2010; LEE et al., 2015; LI et al., 2014;
LIU et al., 2015; MENG et al., 2010; OLIVEIRA-NETO et al., 2008; QUIAN et al.,
2014; SHINTANI et al., 2004; SILVA et al., 2007; TSUZUKI et al., 2006; UCHIDA et

al., 2003, 2004, 2007; 2011). Em conjunto, estes dados colocam o sistema
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quimiocinas/receptores como alvos em potencial em terapias para diferentes tipos de
neoplasias, incluindo-se o CCEB.

Dentre a grande familia das quimiocinas, a quimiocina CCL3 foi estudada
previamente pelo nosso grupo, que demonstrou um aumento na sua expressdo em
amostras de CCEB primario e em linfonodos metastaticos em humanos (SILVA et al.,
2007). Entretanto, existem algumas limitacfes neste tipo de estudo, principalmente
devido a grande variabilidade de amostras com relacdo as caracteristicas clinicas,
demogréficas, genotipicas e histopatologicas. Diante desses aspectos, utilizamos neste
trabalho um modelo de inducdo de carcinogénese oral bem estabelecido na literatura
(KANOJIA; VAIDYA, 2006; LI et al.,, 2013; TANG et al., 2004), utilizando a
administracdo prolongada do carcindgeno quimico 4NQO. A utilizacdo desse modelo
permitiu minimizar as variabilidades inerentes ao uso de amostras humanas, além de
possibilitar realizar interferéncias funcionais na carcinogénese, como o estudo do
processo em animais deficientes da quimiocina CCL3 e receptores de quimiocinas.

Inicialmente, foi observado um aumento significativo na expressao de CCL3 nas
lesBes linguais induzidas quimicamente por 4NQQO. Consistente com nossos achados,
outros trabalhos na literatura também mostraram um aumento de CCL3 em diferentes
neoplasias como hepatomas (LU et al., 2003), leucemias (BABA et al., 2013; SIVINA
et al., 2011), mieloma multiplo (LENTZSCH et al., 2003; VALLET et al., 2011), em
modelo de hepatocarcinogénese induzida (YANG et al., 2006), carcinogénese intestinal
associada a colite (SASAKI et al., 2014) e em modelo murino de metastase pulmonar
induzida por células de carcinoma renal (WU et al., 2008).

O modelo com 4NQO foi eficaz na inducdo dos tumores na lingua dos
camundongos como descrito previamente (KANOJIA; VAIDYA, 2006; TANG et al.,

2004). Entretanto, diferentemente dos achados descritos em outro estudo (LI et al.,
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20130) ndo pudemos verificar a ocorréncia de metastases linfonodais ou em outros
orgdos quando da utilizacdo do 4NQO na concentracdo de 200 pg/mL. Esses autores
utilizaram linhagem de camundongos BALB/c, enquanto no presente estudo utilizamos
camundongos C57/BL6. Além disto, o periodo de acompanhamento no estudo de Li et
al. (2013) foi maior, sendo que os animais tratados tiveram 100% de incidéncia de
carcinoma e 100% de metastases em linfonodos submandibulares entre a trigésima
terceira e a quadragésima semana experimental (LI et al., 2013). Neste sentido, o fator
tempo € uma das principais limitacdes da utilizacio do modelo de inducdo de
carcinogénese com 0 4NQO em camundongos. Em nossas condi¢des experimentais, o
4NQO na dose de 50 pug/mL na gua de beber mostrou ser bem tolerado pelos animais,
contudo somando-se a idade dos animais no inicio do tratamento (entre 6-8 semanas)
mais o periodo de tratamento durante 28 semanas torna-se dificultoso prolongar o prazo
de experimentacdo com objetivos de estratégias terapéuticas. Além disso, em nossas
condicdes observou-se que a dosagem maior de 4NQO apresentou maior toxicidade o
que elevou os indices de letalidade.

O tratamento com 4NQO induziu a formacdo de lesGes exofiticas
(protuberantes) ou papilomatosas, de base ampla e colocacdo esbranquicada, por vezes
exibindo ulceragdo e com bordas elevadas, semelhante ao descrito em estudos prévios
(TANG et al., 2004). De modo interessante, na auséncia do eixo CCL3/CCR5, mas nao
de CCR1 a formacdo de tumores na lingua dos camundongos foi significativamente
atenuada. Consistentemente, a analise microscopica mostrou também escores
histopatolégicos mais brandos, e reduzida atividade proliferativa nos tumores de
animais deficientes para CCL3 e CCRS5. Dessa forma, nosso estudo demonstrou que a
participacdo de CCL3 na carcinogénese oral envolve principalmente a sua ligagdo ao

receptor CCR5. Outros dois trabalhos também mostraram redugdo na formacdo de
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tumores e metastases em animais deficientes para CCL3 e CCR5 em modelo de
hepatocarcinogénese induzida e metastase pulmonar induzida por células de carcinoma
renal (SASAKI et al., 2014; WU et al., 2008). Por outro lado, o estudo de Yang et al.
(2006) revelou a contribuicdo de CCL3 e seu receptor CCR1 na hepatocarcinogénese
induzida, onde animais CCL3/CCR1 deficientes exibiram incidéncia reduzida de
tumores no figado em relacdo aos WT (YANG et al., 2006). Contudo, a interpretacdo
dessas discrepancias deve ser feita com cautela, uma vez que modelos biologicos e
tumores diferentes foram utilizados nesses estudos.

Embora uma reduzida atividade proliferativa foi detectada nas lesdes de animais
CCL3" e CCR5™, os resultados do ensaio de proliferacdo in vitro revelando uma
aparente similaridade na proliferacdo de HN12 sob estimulo ou ndo com CCL3
sugeriram que essa quimiocina ndo afeta a proliferacdo tumoral em nossas condicdes
experimentais. Logo, a reduzida atividade proliferativa observada in vivo resulta da
menor formacdo de tumores nesses animais.

Conforme descrito previamente, quimiocinas e receptores podem influenciar a
carcinogénese oral regulando o recrutamento de células inflamatérias para o
microambiente tumoral e favorecendo angiogénese, proliferacdo celular, motilidade e
invasividade das células neoplasicas (CHUANG et al., 2009; LI et al., 2014; SHANG et
al., 2009; UCHIDA et al., 2003, 2004, 2007; 2011). Neste sentido, a reduzida formagéo
de tumores na auséncia de CCL3/CCR5 poderia indicar que a quimiocina afeta o
microambiente tumoral. De fato, observou-se significativa reducdo na expressédo de
EGF, TGF-p1, VEGFa e VEGFb nas lesdes de animais CCL3". Reforcando esses
achados, outros trabalhos também encontraram expressdo reduzida de marcadores de
angiogénese (ex. CD31, HGF e CD34) em tumores de animais CCL3” (YANG et al.,

2006; WU et al., 2008). Além disto, estes animais apresentaram ainda reduzida
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expressao de integrinas (ITGA4 e VTN). Estudo prévio demonstrou que CCL3 regula a
expressao de moléculas de adesdo em células leucémicas, influenciando sua
transmigracdo (MA; MA, 2014).

Utilizando uma linhagem de CCEB metastatica, n6s mostramos que o tratamento
das células tumorais HN12 com CCL3 resultou na producdo aumentada das citocinas
pré-inflamatorias IL-6 e TNF-a. Esses resultados corroboram os achados prévios da
expressao reduzida de IL-6 e TNF-a encontradas nas lesGes de animais deficientes de
CCL3. De fato, o bloqueio de IL-6 com anticorpo humanizado anti-IL-6
(Tocilizumab®) mostrou reduzir angiogénese e crescimento tumoral in vivo no CCEB
(SHINRIK et al., 2009). Além disso, CCL3 induziu a expressdao aumentada de outra
quimiocina, CCL5 pela linhagem de células metastaticas HN12. Estudos prévios
demonstraram um papel de CCL5 e o receptor CCR5 como faclitadores na
tumorigénese no cancer de mama (SORIA; BEN-BARUCH, 2008). No contexto do
CCEB um estudo demonstrou que CCL5 via CCR5 foi capaz de estimular a motilidade
e invasividade de linhagem de células de CCEB, e induziu a producdo de MMP-9 por
essas células (CHUANG et al., 2009). Embora ndo exploramos o papel de CCL5 via
CCR5 em nossas condigcdes experimentais, a participacdo desse eixo na carcinogénese
oral pode ser invertigada em estudos futuros. O aumento da expressédo de CCLS5, IL-6 e
TNF-a induzida por estimulo com CCL3 reforgam a ideia de que CCL3 pode atuar
como modulador do microambiente tumoral.

Os resultados da reduzida expressdo de MMP1-a, -2 e -9 na auséncia de CCL3
nas lesdes in vivo, juntamente com a deteccdo aumentada de MMP-2, -8 e -9 no
sobrenadante de células HN12 estimuladas com a quimiocina, sugerem sua possivel
participacdo no remodelamento da matriz extracelular. Nesse sentido, o remodelamento

do estroma tumoral com a participacdo de proteinases no carcinoma de ceélulas
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escamosas de cabeca e pescoco tem sido correlacionado com invasdo, metastases e pior
prognostico para os pacientes (STOKES et al., 2010). Stokes et al. (2010) conduziram
um estudo de tipo coorte no qual a expressdao aumentada de proteinases das classes de
MMP’s, “A disintegrin and metalloproteinase” (ADAMs), “ADAMs with
thrombospondin motif” (ADAMTSs) e “tissue inhibitor of metalloproteinases”™
(TIMP’s) foi encontrada em amostras de pacientes com CCEB. De modo interessante, a
expressao aumentada de diversas destas proteases mostrou forte correlacdo entre
parametros clinicos dos tumores, como o sitio primario e o grau de profundidade de
invasdo (STOKES et al., 2010). Interessantemente, nds observamos aumento na
expressao de TIMP1 e Collal na auséncia de CCL3, sugerindo mais uma vez que
CCL3 regula o remodelamento da matriz tecidual durante a carcinogénese.

Além disso, observamos efeitos diretos de CCL3 sobre a invasividade das
células metastaticas HN12, uma vez que a administracdo de anticorpo anti-CCL3 e
Evasina-1 (uma proteina que se liga a CCL3, impedindo seus efeitos)
(FRAUENSCHUH et al., 2007) reduziu o numero de células transmigradas. Em
concordancia com nossos dados, CCL3 afetou a motilidade e invasividade de células de
cancer hepatico, onde um aumento intracelular no influxo de ions célcio levou a
reorganizacdo do citoesqueleto e formacdo de pseuddpodes nessas células (YUAN et
al., 2010). Em conjunto, os presentes achados indicam que CCL3 influencia na
tumorigénese oral exercendo efeitos regulatérios diretos nas células tumorais e
modificando o microambiente tumoral.

Paralelamente, nos estudamos os efeitos do receptor atipico ACKR2 na
carcinogénese oral, considerando seu papel na modulacdo da resposta inflamatdria em
diferentes situacdes. Sua potencial habilidade em capturar quimiocinas —CC reduzindo a

biodisponibilidade em tumores de animais ACKR2” descrita por alguns autores
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(NIBBS et al., 2007; SAVINO et al., 2014; VETRANO et al., 2010) motivaram essa
investigacdo, juntamente com os dados descritos acima acerca do envolvimento de
CCL3 na carcinogénese bucal. Além disso, até o presente momento ndo existem dados
na literatura associando o receptor ACKR2 e cancer de boca. Nossos resultados
demonstraram que a delecdo de ACKR2 ndo resultou em modificacdo da carcinogénese,
uma vez que as lesdes observadas nos animais ACKR2” e WT tratados exibiram
caracteristicas clinico histopatoldgicas e atividade proliferativa similares nas duas doses
testadas. De forma semelhante aos nossos achados, o estudo de Schneider et al. (2012)
mostrou similaridade microscopica entre os grupos ACKR2” e WT na anélise
comparativa entre tumores hepaticos induzidos (SCHNEIDER et al., 2012). Por outro
lado, outros trabalhos mostraram maior suscetibilidade na formacdo de tumores em
animais deficientes do receptor ACKR2 (NIBBS et al., 2007; SAVINO et al., 2014;
VETRANO et al., 2010). Esses autores observaram um aumento significativo na
producdo de quimiocinas CC, como CCL2, CCL3, CCL5 e o acumulo de leucécitos nos
tumores induzidos (NIBBS et al., 2007; SAVINO et al., 2014; VETRANO et al., 2010).
Interessantemente, nds ndo notamos um aumentosignificativo na producdo de CCL3,
CCL4, CCL5 e CCL12 na auséncia de ACKR2 em relacdo aos animais selvagens
tratados. Contudo, das quimiocinas analisadas somente CCL2 foi significativamente
aumentada nos tumores de animais ACKR2™".

Os efeitos protetores de ACKR2 em tumores sdo, em parte, atribuidos as suas
propriedades anti-inflamatdrias, reduzindo a liberacdo de mediadores inflamatorios e o
recrutamento de células do sistema imune (NIBBS et al., 2007; SAVINO et al., 2014;
VETRANO et al., 2010; WU et al., 2008). No nosso estudo, observamos um aumento
de citocinas inflamatérias nos tumores induzidos em ambos os grupos. Contudo,

especialmente para IL-6 e IL-17 foi detectado aumento significativo na producdo nas
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lesbes de animais deficientes de ACKR2. Estes resultados indicam que a delecao
ACKR2 de algum modo afeta a producdo destas citocinas inflamatorias durante o
processo de carcinogénese oral, entretanto, pode-se considerar que as mudancas
causadas pela delecdo deste receptor sdo insuficientes para modificar a progressao
tumoral. O aumento de mediadores inflamatorios em tumores de animais deficientes
para ACKR2 foi associado com o acimulo de leucdcitos nas lesbes na maioria dos
modelos estudados (NIBBS et al., 2007; SAVINO et al., 2014; VETRANO et al.,
2010). Vetrano et al. (2010) demonstrou um aumento de CCL2, CCL3, CCL5, CXCL1
e CXCL2 e aumento de células CD3", CD68", CD11c" e CD45" recrutados na auséncia
de ACKR2 em modelo de carcinogénese intestinal associada a colite (VETRANO et al.,
2010). Por outro lado, o aumento de linfocitos T CD8" e das quimiocinas CCL2, CCL5
e CXCL9 em tumores hepaticos induzidos quimicamente ndo foram suficientes para
mudar o curso da carcinogénese em animais ACKR2” em relacdo aos selvagens,
conforme o estudo de Schneider et al. (2012) onde uma similaridade na formacao de
tumores hepéticos foi observada entre em animais ACKR2" e selvagens (SCHNEIDER
et al., 2012). Nesse sentido, pode-se admitir que os resultados obtidos sejam explicados
pelo tipo de modelo empregado, o qual induz formacdo de lesdes que ndo exibem um
infiltrado inflamatorio expressivo (GANNOT et al., 2004; SILVA et al., 2014). Além
disso, avaliou-se a inducdo de tumores em apenas um tempo experimental, o que nos
impede de inferir sobre o papel de ACKR2 em estagios anteriores na carcinogénese.
Outro ponto que merece atengdo € que além de ACKR2, outros receptores
atipicos de quimiocinas também foram descritos e implicados na carcinogénese
(revisado por MASSARA et al., 2016). Os resultados mostram papéis duais para
ACKR’s em tumores, onde ACKR1, ACKR2 e ACKR4 tiveram efeitos antitumorais

(NIBBS et al.,, 2007; SAVINO et al., 2014; SHEN et al., 2006; SHI et al., 2014
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VETRANO et al., 2010) e ACKR3 pro-tumorais (HERNANDEZ et al., 2011). Nao ha
dados disponiveis relacionando estes receptores na carcinogénese oral, portanto, o papel
dos ACKR’s precisa ser explorado em estudos subsequentes.

Finalmente, os resultados da expresséo molecular dos mediadores de
proliferacdo (EGF), angiogénese (FGF1 e FGF2, VEGFa e VEGFb) e de
remodelamento da matriz extracelular (colageno, integrinas, MMP’s ¢ TIMP’s) revelou
um aumento coerente nas lesdes induzidas de ambos 0s grupos tratados, entretanto
como nédo houve diferenca na producdo destes mediadores entre 0s grupos sugere-se que
ACKR2 ndo afeta a proliferacdo celular, nem o remodelamento da matriz em nossas
condicdes. Coletivamente, nossos resultados indicam que ACKR2 influencia na
ativacdo de vias inflamatorias nas lesdes estudadas, mas que estas mudancas ndo
influenciaram o curso da carcinogénese induzida por 4NQO.

Nos ultimos 16 anos, uma série de trabalhos na literatura vem demonstrando o
potencial de varias quimiocinas e seus receptores incluindo CCL2/CCR2, CCL5/CCRS5,
e CXCL12/CXCR4 como moduladores do microambiente tumoral no CCEB,
promovendo motilidade, invasdo e metastases para linfonodos. Evidéncias da
participacdo dessas moléculas também em outros tumores reforcam a ideia de que o
desenvolvimento de terapias anti-quimiocinas/receptores como adjuvantes no
tratamento do cancer pode ser util. Em um estudo, a utilizacdo de um inibidor de
CXCR4 - 1,10-[1,4-phenylenebis(methylene)]bis-1,4,8,11-tetraazacyclotetradecane
octahydrochloride — AMD3100 — por exemplo, reduziu significativamente a ocorréncia
de metastases in vivo, indicando que o blogueio de CXCR4 poderia ser utilizado como
agente terapéutico em pacientes com CCEB (UCHIDA et al., 2011). Entretanto, a
utilizagdo de AMD3100 ou outros inibidores de CXCR4/CXCL12 (Plerixafor®,

Mozobil®, BKT 140, MDX1338 - Medarex®) na quimioterapia adjuvante para
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tratamento de metastase em pacientes com cancer de laringe e hipofaringe ainda estdo
em fase de recrutamento de pacientes e ndo ha dados disponiveis da sua eficacia em
pacientes com CCEB (SILVA et al.,, 2016). Outro medicamento, o0 CNTO888
(Centocor®), um anticorpo monoclonal anti-CCL2 foi testado em um estudo clinico de
fase 1 e 2 em pacientes com tumores solidos (colorretal, prostata, ovario, Utero),
incluindo um paciente com cancer de eséfago e mostrou ser bem tolerado pelos
pacientes, contudo, sua atividade antitumoral ndo pode ser confirmada (SANDHU et al.,
2013). Outro trabalho recente incluiu um grupo pequeno de pacientes com cancer de
cabeca e pesco¢o (n=4), sendo um caso de CCEB, onde apesar de Carlumab® ndo ter
causado efeitos colaterais significativos, também ndo foram apresentadas evidéncias de
atividade antitumoral (BRANA et al., 2015). O Maraviroc (Maracon®), um
medicamento inibidor do receptor CCR5 inicialmente aprovado pela Food and Drug
Administration (FDA) para o tratamento de pacientes com HIV, tem sido testado
também em pacientes com cancer colorretal em um estudo clinico de fase | (revisado
por SILVA et al., 2016). Entretanto, ainda ndo ha dados disponiveis sobre sua eficacia
nesses estudos em pacientes, mas um estudo recente demonstrou que Maraviroc
administrado por via oral na dose de 30 mg/Kg duas vezes ao dia por até um periodo de
15 dias foi capaz de reduzir o tamanho de tumores intestinais murinos induzidos por
injecdo ortotopica de celulas tumorais de linhagem murina e humana (TANABE et al.,
2016).

Apesar dos resultados preliminares, a utilizagdo desses inibidores no tratamento
de tumores colocam os sistemas CCL2/CCR2, CCL5/CCR5 e CXCL12/CXCR4 como
possiveis alvos terapéuticos para intervengdo no CCEB. Os resultados do presente

trabalho apontam para a participacdo de CCL3 e seu receptor CCR5 na carcinogénese
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oral. Os efeitos protetores resultantes do blogueio de CCL3 com anti-CCL3 ou Evasina-

1 neste estudo incluem essa molécula no rol de candidatos em terapias futuras.
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7 — CONCLUSAO

Os resultados do presente estudo permitem concluir que:

> O aumento da expresséo de CCL3 em lesdes de CCEB quimicamente induzidas
por 4ANQO podem indicar a participagdo desta quimiocina na carcinogénese bucal.

> A reduzida formagédo de CCEB em animais deficientes de CCL3 e CCR5 indica
que o eixo CCL3/CCR5 regula vias “pro-tumorigénicas” no CCEB.

> Os efeitos de CCL3 nas células de CCEB in vitro sugerem que esta quimiocina
influencia diretamente a capacidade de invasdo e a liberagdo de marcadores
inflamatorios por estas células.

> A atividade antitumorigénica postulada para ACKR2 ndo foi observada em

nossas condi¢des experimentais.
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Chemokines are small chemotactic proteins that coordinate circulation of i finfl

y cells

throughout body compartments. Because of this property chemokines and their cell surface receptors
are implicated in several physiological and pathological conditions, including cancer. These molecules
are expressed by neoplastic or stromal cells and have effects at tumor pnimary site (e.g. stimulating
angiogenesis and tumor cells motility ) and lymph nodes (creating a gradient to direct migration of neo-
plastic cells). In this article we review the current knowledge about the function(s) of chemokines and
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m‘:mk . RS- receptors in squamous cell carcinoma from the oral cavity and head and neck region. Accumulating evi-
o Kines e dence suggests some chemokine(s) and receptor(s) as potential targets in adjuvant therapies for these
Inflammation malignanaes.

© 2016 Elsevier Ltd. All rights reserved.
Introduction on individual properties of neoplastic cells and tumor microenvi-

Squamous cell carcinoma (SCC) is the most common malig-
nancy of head and neck region arising from mucosal linings of
the upper aerodigestive tract, comprising (1) nasal cavity and para-
nasal sinuses, (2) nasopharynx, (3) hypopharynx, larynx, and tra-
chea, and (4) oral cavity and oropharynx [1,2). Head and neck
squamous cell carcinomas (HNSCC) are characterized by high
morbidity and mortality rates and strong tendency to regional
and distant metastasis | 1-4}. These tumor characteristics depend

Abbreviations; SCC, squamous cell carcinoma; HNSCC, head and neck squamous
cell caranoma: OSCC, oral squamous cell caranoma; CAF's, @ranoma associated
fibroblasts; MMP-9, matrix metall ase-9; PI3K, phosph de 3-kinase;
AKT/PKB, protein kinase b: MAPK'S, mitogen activated protein kinases: EGFR,
epidermal growth factor receptor; EMT, epithelial-mesenquimal transition: SNP'S,
sngle nucleotide polymorphisms; OLK oral leukoplakia; ERK1/2, extracellular
sagnal-regulated kinase: NF-KB, nudear factor kappa-light-chain-enhancer of
activated b cells: FDA food and drug adnunistration,
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Odontologicas, Faculdade de Odontdlogia. Universidade Federal de Minas Gerais,
Av. Anthnio Carlos 6627, CEP 31.270-901 Belo Horizonte, Minas Gerais, Brazil, Tel.:
+55 31 3409 2478: fax: +55 31 3499 2430.

E-mail address: taralia@ufmg br (TAd. Silva).

hetp: [/dx doi.arg/10.101§ Loraloncology 201602016
1368-8375/© 2016 Elsevier Ltd All nights reserved.

ronment, which is comprised by diverse infllmmatory/immune
cells population; stromal cells; cancer stem cells; nutrients, growth
factors, and a network of cytokines and chemokines [5-7], It is
widely accepted that cancer progression and prognosis is affected
by immune/inflammatory cell infiltration into the tumor [6,8], a
process tighly regulated by chemokines [9,10].

Chemokines are chemotactic cytokines able to control cell traf-
ficking and positioning throughout the body compartments [11].
Chemokines have a defined chemical structure and comprise four
subfamilies - CC, &XC, C and CX3C - distinguished according to
the position of the first two cysteines adjacent to the amino termi-
nus region. In chemokine nomenclature [12], the letter “L" fol-
lowed by a number denotes a specific chemokine (e.g. CCL2 or
CXA8) [9,12). The receptors are labelled by the letter R followed
by the number (eg. CCRZ or CXCR1). These molecules have key
roles in tissue homeostasis, adaptive and acute immune responses
(111 In cancer, chemokines are implicated in progression by affect-
ing tumor microenvironment and organ-specific spread of different
tumor cells (e.g. breast, ovarian and colorectal) [13-15]. The
biological and clinical relevance of these molecules is achieved
by successful results from studies blocking chemokines system in
some cancers [16-18|
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Concerning SCC of oral cavity and head and neck region, a con-
siderable number of studies were published, particularly in the last
ten years, and had contributed to delineate the relevance of
chemokines in this malignancy [19-70]. Nevertheless, despite
accumulated knowledge, clinical trials targeting chemokines as
part of chemotherapy regimen are incipient and included a small
numbers of patients [16.18]. Herein, we review the most important
studies on SCCof oral cavity and head and neck region and chemo-
kines. In Table 1, we summarize the main findings of in vivo and
in vitro studies highlighting the function and clinical relevance of
these molecules in oral cancer. We also provide a critical perspec-
tive of exploiting the chemokine system as future chemotherapeu-
tic opportunities for SCC

CC chemokines

oz

A significant number of studies highlighted the CCL2 impor-
tance in different cancer types|71,72] and siriking preclinical anti-
umor activity was verified blocking CCL2 [16-18] (Table 2). In
addition, studies have shown expression of CCL2 in SCC from oral
cavity (0SCC) and HNSCC [19-22,73,74]. One study did observed
an increase of CCL2 expression in 0SCC and in metastatic lymph
nodes |73). Similarly, CCL2 expression in HNSCC was associated
with tumor invasion |20]. A functional evidence of CCL2 in OSCC
was demonstrated by observation that proliferadon, invasion and
wmor growth induced by oral carcinoma-associated fibroblasts
(CAF's) are mediated by CCL2 [19]. Therefore, inhibition of CCL2
resulted in significant reduction of tumor burden in vivo [19].

Genetic polymorphisms of CCL2 and CCR2 genes and increased
risk of developing OSCC were described | 74]. In this study patients
with G allele and GG genotype of CCL2 and 641 allele and wt/64l
genotype of CCR2 had significative increased risk for OSCC. The
underlying proposed mechanism is that polymorphism results in
increase of chemokine transcription and consequently augment
of its biological activity [74].

CCL3 and CCLS

The expression of CCL3 and CCL5 was observed in differenc
types of malignancies as hematological disorders, colitis-
associated carcinogenesis, breast and prostate carcinomas [75-
79]. Although there are no clinical trial targeting these molecules,
one ongoing study is testing an approved agent for inhibition of
(CCL3 and CCLS receptor, CCRS (Maraviroc), to treat metastatic col-
orectal cancer (Table 2) In the context of oral cancer, just one
report showed an augmented expression of CCL3 and its receptor
CCR1 in OSCC and in metastatic lymph nodes [80].

Regarding CCL5, Chuang et al [24] did observe its expression in
0SCC cells lines, Stimulation of these cells with CCL5 induced
directed migration and production of matrix metalloproteinase-9
(MMP-9). Consistently, blockade of MMP-9 using small interfering
RNA inhibited the CCLS-induced cell motility providing evidence of
CCL5/CCRS axis involvement in invasive and metastatic phenotype
of oral cancer cells [24]. However, it remains unclear the specific
receptor (s) involved in the CCL5 effects in HNSCC.

CCL5 and CCR5 gene polymorphisms were correlated with
increased risk for OSCC development in two case-control studies
[81.82). It was observed a positive association of CCR5 gene vari-
ants, delta32 and 59029 A/G, and of genotypes CCL5-28 (G,
CCL5-28 CG or GG, CCL5-28 CG/-403 CT and CCL5-28 CGj-403 TT
with increased risk for OSCC development [81,82]

[awky

CCLY exhibited marked up regulation in colorectal and gastric
tmors and were correlated with metastasis [15,83]. Recently,
CCL7 has been identified as a key regulator of OSCC cell invasion

and migration in vitro and in vivo [25]. Jung et al. [25] demon-
strated that CCL7 stimulated cytoskeleton changes in oral cancer
cells enhancing invasion and migration. Accordingly, the invasive-
ness was inhibited by treatment with neutralizing antibodies
against CCL7 or it receptors CCR1 and CCR3 |25). These findings
might put CCL7 as a candidate for therapeutic intervention in oral
cancer, but clearly, questions regarding another functions of CCL7
and its receptors needs o be answered.

CCL19 and CC121

Some studies showed significant correlation between CCL19/
CCL21 /CCRT expression, lymph node metastasis and poor progno-
sis of 0SCC [27,84] and HNSCC [29]. In these studies, increased
expression of CCR7 in primary tumors and lymph nodes was corre-
lated with tumor size, clinical stage, recurrence, lymph node
metastasis and poor survival rates [27,29 84]. Additionally, using
heterotopic transplantation of HNSCC cells in mouse, it was
observed an increase of CCR7-expressing cells in the lymph nodes
of mice [29]. In contrast, Oliveira et al. [85] did not find any asso-
ciation between CCL19/CCL21/CCR7 expression with microscopic
and clinical parameters of 0SCC.

Data from in vitro experiments demonstrated that CCR7-
positive SCC cells had increased capacity to adhere to lymph nodes,
which was inhibited when these cells were treated with anti-CCR7
antibody [27] Additionally, CCL21 is a potent stimuli for SCC
migration [27]. Accordingly, CC121 receptor - CCR7 - induces
cytoskeleton modifications which in turn stimulate tumor cell
migration, invasion, adhesion and survival of HNSCC cells via acti-
vation of PI3K/AKT and MAPK's and MMP-9 release [30,32-34).

CCL2o

Abiko et al. [E6] were first to demonstrate CCL20 expression in
0SCC samples and in six different oral SCC lines. They observed
CCL20 upregulation after bacterial or inflammatory stimuli of OSCC
cell cultures. A recent study found an association of CCL20 expres-
sion with nodal metastasis and worse prognosis of OSCC [35]. In
line with rhese findings, the suppression of CCL20 in SCC cell line
using interfering RNA's reduced migration and invasion [35].

OXC chemokines

OXCL1 and OXCL2

CXCL1/CX(R2 axis was found to mediate angiogenesis, and pro-
mote tumor progression in different types of cancer, (eg. gastric,
colorectal and pancreatic) [87-90]. Shintani et al. [37] observed
an increased CXCL1 expression in different SCC cell lines and tumor
specimens and correlated it with microvessel density, leukocyte
infiltration and lymph node metastasis. Moreover, one additional
study demonstrated that CXCL1 production is essential to activate
Epidermal Growth Factor Receptor (EGFR) signaling and to
increase proliferation of human dysplastic oral keratinocytes [38],

The expression of (XCL2 was also demonstrated in human sam-
ples and SCC cell lines. This molecule seems to be involved in
cancer-induced bome destruction and invasion once CXCL2-
expressing OSCC cells injected into calvaria of athymic mice
induced bone resorption via activation of pro-osteoclastogenic
pathways | 39]. Therefore, a significant reduction of osteoclast for-
mation was observed after blocking CXCL2 [39).

OXCLS

In human cancers, it is well established that CXCLE/CXCR1 and
CXCLB/CXCR2 axis can induce angiogenesis, tumor growth, motil-
ity of neoplastic cells and Epithelial-mesenguimal transition
(EMT) [89-92]. In the context of oral cancer, it was previously
shown that expression of O(CL8, CXCL6 (a CXCL8 homologue)
and CXCR2 in tumor samples correlates with lymph node
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Table 1
Current knowledge of chemokine/chemokine receptor system expression in studies of Head and Meck Squamous Cell Carcinoma.
Chemokine Receptor s) Key target(s) Sample type Main findings(s) Referenoes
(T chemokines
CCL2 (MCP-1) ooR2 Monocytes, 05CC TOCLZ T lymph node metastasis [73]
lymphocytes and NK  0SCC, 05CC cell T OCL2 1 ROS | proliferation, | invasion | tumor growth  [19]
line and
xenografts
HNSCC 7 invasion, | macrophage infiltration | anglogenesis [20]
HNSCC and 0SCC £ CCL2 | patient survival T CCL2 1 ERK/AKT|STAT3 [21]
cell lines phos phorilation | survival in vitro
T CCL2 1 EMT via AKT [22]
CCL3 (MIP1-a) CCR1, CCRS Macrophages, 0500 T CCL3 T lymph node metastasis [80]
CCL4 (MIP1-f5) CCRS, CCR8 monocytes, HNSCC and T OCL4 1 T lymphocytes infiltration | survival [23]
basophils and NK HNSCC cell lines
CCLS (RANTES) CCR1, CCR3, CORS OSCC cell line T COLS 1 cell motility [ migration 1 MMP-9 [24]
CCL7 (MCP-3) CCR1, CORZ, COR3,  Monocytes, OSCC and OSCC  CCR1)CCR3 inhibition | cell invasion [25]
CCRS neutrophils cell line
CCL11 (Eotaxin) CCK2, OCR3, CORS Eosinophil and 08CC 1 Ensinophil infiltration [109]
basophils
CCLIT (TARC) CCR4, CCR8 T lymphocytes HNSCC and T CCLI7/CCL22 1 Foxp3” and Tregs tumor infiltration [26]
HNSCC cell lines
CCL19 (ELC, Exodus-3 and CCR7 T and B lymphocytes  05CC T CCR7 1 lymph node metastasis 1 mmaor size 1 clinical  [84)
MIPF3-)CCL21 (SLE, and DC stage and local recurrence
Exodus-2 and TCA-4) OSCC. and OSCC 7 OCR7 7 lymph node metastasis T stage 7 tumor sizet  [27)
cell line CCL21/CCRT 1 invasion | adhesion to lymph nodes
in vitro
HNSCC, HNSCC f CCL19 1 lymph node metastasis [28])
cell lines and CCR7 blockade | AKT | BOL-2 | tumor growth
mice
HMNSCC and T CCR7 1 lymph node metastasis 1 adhesive ability [29]
HNSCC cell lines
HNSCC and T CCR7 © lymph node metastasis [30]
HNSCC cell ines 1 CCR7 1 migration | adhesion and cytoskele on
reorganization
T CCRTCCLIY | PKC T NF-KB [31)
T CCR7 T PKCx 1 stage | lymph node metastasic
T CCRTICCLI9 1 PI3K 1 CDC42 and actin poly merization  [32)
T CCR7 1 migration 1 MMP-9 1 Bl integrin | cytoskeleton  [33]
reorganization
T CCRTICCLIG | ERK[JNK | E-cadherin | vimentin | [34]
Inyasion
CCL20 (LARC, Exodus-1 and  CCRE Macrophages, O5CC and OSCC £ CCL20 1 lymph node metastasis [2335]
MIP3-2 ) Ilymphooytes and cell line CCL20 blockade | cell invasion
Mmonocytes
CCL22 (MDC) CCRa Macrophages, DC HNSCC and T CCRACCL22 t lymph node metastasis T lymphatic |36)
HNSCC cell lines  invasion
T CCR4)CCL22 1 migration T M2-like macrophages
CXCL1(Gro-=, GRO1) CXCR2 Neutrophils DSCC and OSCC 1 CXCLI lymph node metastasis 137
cell lines T CXCLT T leukocyte differentiation and 7 microvessel
de nsity
0SCC cell lines TIL-1@ T CHOLY [ EGFR [38]
CXCL2 (Gro-p, GROZ and CXCR2 O5CC, 05CC cell T OXOL2 in 0SCC cell line 7 osteoclast differentiation 1 [39]
MIP2-a2) line and bone resorption
xenografts
CXCLS (EMNA-78) CMCR1, CXCR2 HNSCC and T CXCLS 1 profiferation | invasion in vitro and invive  [40]
HMNSCC cell lines
CXCLE (IL-8) ONCR1; CXCR2 05CC cell lines T CXCLE [ invasion 7 MMP-7 [41]
T CXOLE | proliferation | invasion |42
T CXOLS and CXCLY 7 ERK1/2 phosphorylation 7 [43]
proliferation | invasion and 1 MMP-7 and 9
OSCC, OSCC cell T CXCR2 | lymph node metastasis [44]
line and T CXCRZ 1T migration T invasion and cytoskeleton
xenografts reorganization
CHCLS (MIG) CHCR3 Lymphocytes and NK  OSCC and 0SCC T OXNOL9 OSCC 1 tumor burden 1 aggresaveness [45.46)
cell line CXCLY inhibition | cell proliferation, migration and
invasion
CXCL10 (IP-10) 050C T CXCL10 | response to radiotherapy | overall survival  [47]
CXCLA (1-TAC, IP-8) D5CC 1 CXCL1YCXCR7CXCLTE 1 OLK and OSCC |48]
CXCL12 (SDF-1) CXCR4|CXCR7? Lymphocytes, OSCC and OSCC  OXCL12 activated T ERK1/2 and 1 AKT phosphorilation  [49]
monocytes cell line in vitro
OSCC cell line OSCC cell line transfected with CNCR4 | calcium influx | [50]
and mice ERK1/2 1 AKT/PKB and [ metastasis in vivo
DSCC, OSCC cell [ CXCL12/CXCR4 in metastatic lymph nodes | survival — [51]

line and mice

CXCR4 antagomism | lung metastasis 1 survival in mice
CXCL12 1 cell motility and * anchora ge-independe nt
growth
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Table 1 [continwed)

Chemo kine Receptor]s) Key target{s) Sample type Main findings(s) References
oscc 1 ONCL1Z/CXCR4 | lymph node metastasis [52-54]
HNSCC T CXCLI2 7 lymph node metastasis 155]
OSCCand OSCC 1 CXNCR4 1 lymph node metastass | tumor size [ stage  [56]
cell line and grade
CXCL12 | prolife ration
oscc [ CXCR4/CXCL12 | tumor grade | lymph node metastasis  [57)
f perineural invasion | survival
T CHCR4/Vimentin | survival
OSCC and 0SCC T CXCR4 1 lymph node metastass | invasion | 158]
cell line TBCUITENCe
T CNCR4 | invasiveness and scattering in vitro
[soa T CXCR4 1 MMP-9 1 proliferation 159]
05CC cell line T NCR4 T NF-x8 by CBM-complex 7 invasion |60)
0SCC cell line 1 CNCLIZ | vimenun and | E-cadherin by PI3 K-AKT 61]
O8CC cell line Forced EMT | CHCL12Z | migration [62]
HNSCT cell line T CXCR4 1 adhesion 1 MMP-9 163]
HMSCC cell line CXCR4 blockade | proliferation |64)
O8CC cell line LPS 1 CICR4 1 invasiveness 165]
CXCL13 (BCA-1, BLE) CHORS T and B lymphocytes  08CC. O50C cell 7 CXCL13/CXORS | bone invasion | 66— 58
line and
xen ografts
(NCL14 (BRAK) Unknown B lymphocytes, 05CC cell lines CXOL147 cells | proliferation in wvitro | tumor growth 169]
MOnBoCY Les and xenografts in vivo
MCL1 [ Lymphotactin =) XCR1 Lymphooytes and NK  0SCC and OSCC fXCLY ¢ lymiph node metastasis [70]
cell lines XCL1/XCR1 1 ERK1/2 phosphorylation 1 proliferation 1

invasion 1 adhesion and 7 MMP-7

Abbireviations: MCP-1 [monocyte chemoattractant protein- 1) OSCC (oral squamous cell carcinomal NK (natural killer): ROS (reactive oxygen species); HNSOC (head and
neck squamous cell carcinoma); ERK {extracellular signal-regulated kinase ) AKT/PKB (protein kinase b); STAT3 (signal transducer and activator of transcription 35 EMT
(e pithe hial-mesenquimal transition); MIP1-x { macrophage inflammatory protein 1-a) MIP1-} (macrophage inflammatory protein-10); RANTES {regulated upon adivaton
normal T-cell expressed and seaeted); MMP-9 (matrix metalloproteinase-9; MCP-3 (monocyie chemoattractant protein-3 MIP-3f (macrophage inflammatory-3); SLC
(secondary lymphoid tissue chemokine ) DC (dendritic cells): BCL-2 (membrane proteins encoded by the BCL-2 genes): PKC (protein kinase ¢); NF-KB (nudear Tactor kappa-
light-chain-enhancer of activated b cells): PI3K (phosphoinositide 3-kinase]: CDC42 (el division cyde 42 ) INK {(c-Jun N-terminal kinase JNK): MIP3-a (macgophage protein-
3a): MDC (macophage derived chemokine): Tregs (regulatory T cells): GRO-1a | growth-regulated oncogene-Ta) IL-1§ {intefleukin-1p); EGFR (epidermal growth factor
receptor); GRO- (growth-related gene product foor MIF-2a (macrophage inflammatory protein-2xz); IL-8 (interdeukin-8; MMP-7 [matrix metalloproteinase-7); MIG
(monokine induced by gamma-interferon); IP-10 (interferon-induced protein-10); SDF-12 (stromal cell-derived factor-12); CMB (carma3, bel10 and malt] complex); LPS
(lipopolysaccharide); BLC/BCA-1 (B-lymphocyte chemoattractant/B-cell attraaing chemokine-1 1 RANKL ( receptor activator of nuclear factor kappa-b ligand ) C-JUN (protein
encoded by JUNgene}: NFATCS {nuclear factor of activated t cells, cytoplasmic 3); C-MYC [ cellular dna-binding proteins encoded by the c-myc gene); BM (bone marmow); ENA
(e pithe lial-derived neutrophil-activating peptide 78); IP-9 (interferon-induced protein-9; BRAK ( breast and kidney expressed chemokine), TARC (thymus- and activation-

regulated chemokine): OLK (oral leukoplakia),

metastasis and worse prognosis [44,93). Moreover., in viro studies
verified that CXCL8 and CXCR2 promoted migration and invasion
of 0SCC cells [42-44,93). Consistently, a significant inhibition
was seen when knockdown CXCL8 interfering RNA or receptor
blocking antibodies were employed [42.43).

Analysis of genetic polymorphisms revealed that a mutant
allele (A-251) in the OXCL8 promoter was significantly associated
with increased risk of 0SCC and a positive correlation between this
mutation and poor prognosis [94] In contrast, Vairaktaris et al.
|95] and Liu et al. [96] did not find association of CXCL-8 single
nucleotide polymorphisms (SNP's) with oral cancer susceptibility.
However, the latter study observed a strong correlation between
0SCC risk and tobacco or betel quid chewing consumption and
0SCC risk, suggesting that environmental carcinogens associated
with O(CL8 polymorphisms might increase the risk of D5CC devel-
opment [96]. A meta analysis evaluating six different studies did
not reach positive correlation between CXCLE gene polymorphysm
and oral cancer susceptibility [97].

CX(CL9 and CXCL10

The expression of CXCL9, CXCL10 and O{CR3 was previously
detected in cancer dssues (i.e. nasopharyngeal and pancreatic)
|46,98]. A recent study reported augmented expression of CXCL9
in serum of patients with O5CC compared to healthy individuals
which was positively correlated with poor clinical parameters
[46]. Moreover, it was observed that knockdown of COXCL9 in a
SCC cell lineage using interfering RNA resulted in significant red uc-
tion of cell proliferation, migration and invasiveness [46]. O(CL9/
CXCR3 was also shown to be expressed by CAF's [99] In the latter

study. CAF supernatants stimulated tongue carcinoma cells
[Tca8113) to increase levels of CXCR3 and Bcl-2. This effect was
significandy attenuated after neutralization with anti-C{CR3 and
CXCL9 antibodies [99].

CHNCL10 was also associated with response to radiotherapy and
poor overall survival in tongue squamous cell carcinomas [47]. In
this study, CXCL10 was upregulated (16-fold increase) and its
expression was correlated with worse response to radiotherapy
147).

CXCL11, CXCL12, CXCR4 and CXCR7

The axis CXCL11/O{CL12/CXCR4/CXCRT is the most studied
chemokine system in oral tumorigenesis [48-65,100-103]. Note-
worthy, substantial progress was made targeting CXCR4/CXCL12
in other cancer types including the use of an approved chemother-
apeutic based on antagonism of CO{CR4 (Table 2). Studies have
shown increased expression of G{CL12 and CXCR4 in Oral Leuko-
plakia (OLK), 0OSCC, HNSCC and metastatc lymph nodes [48,51-
58]. In vitro, C{CL12/CXCR4 induces cyroskeleton changes that
facilitate migration of OSCC cells via actvation of ERK1/2, AKT/
PKB and NF-KB [49,50 60,61 (Fiz 1).

The influence of CXCL12/CXCR4 axis in EMT was assessed
in vitro, once EMT is critical for tumor microenvironment
remodeling Some studies did obtain that CXCL12/X(R4 pro-
motes down-regulation of epithelial markers (ie. Cytokeratin,
E-cadherin and p-catenin), and up-regulation of mesenchymal
components (ie. Vimentin and Snail), suggesting that this sys-
tem contributes to lymph node metastasis via EMT activation
|61,62].
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Table 2
Current climal trial studies focusing in chemokine/chemokine receptors targeting in malignancies.
Agent Target Class Study type/tumor type /status/ Reference
Carlumab a2 Anti-CCL2 monodonal antibody Phase | and Phase Il prostate cancer (completed) 7]
NCT00992186*
ONTO888 Phase | - ad d tumors (¢ leted) [1s)*
Centocor [18]"
NCT01204996*
NCT00537368°
KwW-0761 CCR4 Neutralizing monoclonal CCR4 Phase Il - adult T-cell Leukemia-lymph ( leted ) [110)
antibody NCT00920790*
Maraviroc CCRS Antagonist Phase | - metastatic wlorectal cancer (completed) NCT01736813*
(Maracon )
N CXCR2 NI Study type unknown - pancreatic cancer (completed) NCT00851955*
Per ixafor CXCR4 Antagonist Phase | - advanced pancreas, ovarian, colorrectal cancer (recruiting) NCT02179970*
(Trade name: Itiple Myelorma, No dgldn Lymph Leukeria NCTO0512252*
Maozobil) NCT00241358%
(AMD3100) NCT00694590°
NCT009 14849
NCT00322842°
NCTO0665314°
BKT 140 CXCR4 Antagonist Phase | and Phase Il - Multiple myel ( leted ) [111]
NCT01010880*
MDX 1338 CXCR4 Neutralizing monoclonal CXCR4 Phasel - I | ( leted) NCT01120457*
(Medarex) antibody
NOX-A12 oz Oligonucleotide Phase Il - Multiple myeloma, Chromic lymphocytic leukemia (ongoing)  NCT01486797¢
{Noxxon) NCT01521533*
N oXcLryy NI Study ty pe unknown - metastasis of laryngeal and hy popharyngeal SCC - NCT00174096*
CXCR4 (recruiting )
Informations induded in this table were adapted from Ref. [112113],
NI (not informed ).

* ClincalTrials.gov Identifier.
® Includes: SCC and HNSCC.

Fg. 1. (XCL12/CXCR4 in OSCC (A) CXCLI2 engagement in CXCR4 induces BlKIIZ and AkYPKB atuvalon. thus influencing cell survival and spreading of neoplastic cells, (B)
i tissue and ion of these cells The CXCR4 positivity was also associated
with increase of tumor proliferative index, (C) CXCLI2/CXCR4 expression in OSCC was positively correlated with neoplastic cell migration to lymph nodes.

neoplastic cells expressing CXCR4 co-express MMP-9, which might in turm
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Genetic polymorphisms of CXCL12 and CXCR4 have been asso-
ciated with increase of OSCC risk [102,103 ], Vairaktaris et al. [102]
studied the CXCL.12 G801A gene polymorphism in Europeans and
found thar allele A was associated with advanced stages of oral
cancer, especially among alcohol abusers [102|. Another study
evaluated the same polymorphism in the CXCL12 gene and CXCR4
in Taiwanese patients [ 103]. This study obtained that individuals
with at least 1 mutated allele A in CXCL12 gene, had increased risk
to develop OSCC when compared with those with G/G genotype.
No significant difference was observed in allele distribution for
CX(CR4 gene [ 103 ]

Xcu

Little is known about XCL1 effects in oral cancer. Khurram et al.
|70 observed, for the first time, the expression of XCR1 by normal
oral keratinocytes and OSCC cell lines. In this study, XCR1/XCL1
interaction induced phosphorylation of ERK1/2 and stimulated
migration, invasion and proliferation of OSCC cells. Additionally,
XCR1/XCLI stimulated production of MMP-2, MMP-7 and MMP-9
by SCC cells in vitro [70].

Future directions

Despite the advances in therapeutic procedures (surgery,
chemo-radiotherapy) over the last years, the prognosis of patients
with HNSCC has remained largely unchanged. The high potential of
this type of cancer for local invasion, the elevated rates of cervical
metastasis, the tumor size and stage at the time of diagnosis have
been considered the most important prognostic factors [ 1,2},

In the last ten years considerable progress was obtained on
chemokines effects in HNSCC (Table 1). Furthermore, lessons taken
from other cancer types based on targeting chemokine system
brought up successful outcomes (Table 2). Therefore, the use of
anti-chemokine antibodies, chemokine-binding proteins, chemo-
kine receptor antagonists or inhibitors interfering with the signal-
ing emerged as adjuvant chemotherapy alternative in HNSCC's.
Clearly, data discussed in the current review demonstrate that
CCL5/CCRS, CCL19/CCR7, CXCL12/CXCR4 and CCL2/CCR2 axis are
strong candidates for intervention. To date, only two clinical stud-
ies, with four patients included, have tested a CCL2 antibody, CNTO
888 (Carlumab), in HNSCC patients. Nevertheless, no long term sig-
nificant clinical effects were reported until now [ 16,18].

Proof of concept from the therapeutic CXCL12/CXCR4 blockade
in tumors has been demonstrated by Porvasnik et al [104] A
CX(R4 antagonist (CTCE-9908) was able to reduce tumor cell pro-
liferation and to induced modifications in tumor stroma as inhibi-
ton of angiogenesis and lymphangiogenesis and induction of
apoptosis in prostate tumors [104]. Another CXCR4 blocker, AMD
3100 (Plerixafor), approved by the Food and Drug Administration
(FDA), exhibited antitumoral activity via induction of brain tumor
cells apoptosis [105]. In contrast, there are some studies reporting
that Plerixafor alone was ineffective in tumor reduction of glioblas-
tomas and mouse mammary carcinomas | 106,107]. In a clinical tri-
als data base (https://clinicalrials.gov), there were more than
eighty studies using Plerixafor in anti-neoplastic therapies, mainly
for hematopoietic tumors. Currently, Plerixafor use is accepted in
clinical routine to treat multiple myeloma or non-Hodgkin lym-
phoma [108] (Table 2).

The anti-CCL2 antagonist, Carlumab, has been well tolerated as
adjuvant therapy to treat solid malignancies (e.g. prostate, breast,
ovarian, colorectal, and esophageal SCC) | 16-18]. However, prelim-
inary results showed only transient blocking CC12/CCR2 in serum
without effects in anti-tumoral activity [17,18].

Maraviroc, a CCR5 blocker, was the first chemokine-based ther-
apy approved by FDA for treatment of HIV. Currently, there is one

clinical trial testing this agent to treat metastatic colorectal cancer
(Table 2), but no information regarding preliminary results are
available.

As summarized in Table 2, except for CXCL12/CXCR4-based
therapy for hematologic malignancies, there are a few clinical
studies targeting chemokines or chemokine receptors in solid
wumors. Thus, a vast field for discovery is existing in particular
for two approved drugs (Maraviroc and Plerixaflor) and unex-
plored, but potentially important targets in HNSCC: CCL5/CCRS5,
CCL19/CCR7, &X(L12/CXCR4 and CCL2/CCR2.

Concluding remarks

Squamous cell cardnoma of the head and neck region is a sev-
ere disease and, in most cases, fatal A better understanding of
molecular mechanisms associated with these tumors might help
to find efficient adjuvant therapies. Available studies revealed that
cells from HNSCC express chemokine receptors and also release
different types of chemokines. These molecules orchestrate critical
functions in oral tumorigenesis by favoring angiogenesis, tumor
growth and metastasis. These results put these molecules as tar-
gets for therapies to these malignancies. Most studies have focused
on the CXCL12/CXCR4 axis. In vitro and in vivo data clearly demon-
strate the significance of this axis in metastasis through increasing
motility and proliferation of neoplastic cells and induction of EMT.
Furthermore, data concerning CCL5/CCRS, CCL19/CCR7 and CCL2/
CCR2 support the notion that therapies directed to these chemoki-
nes would improve HNSCC outcomes. Currently, a wide variety of
compounds targeting chemokines and chemokine receptors in
malignancies are in clinical trial and two approved drugs are avail-
able. It should encourage clinical strategies to test these molecules
as adjuvant therapies in HNSCC.
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Summary. Aims: Tumor-associated tissue eosinophilia
(TATE) has been correlated with prognosis in oral
squamous cell carcinoma (OSCC). This study aimed to
investigate whether cosinophils depletion affects
experimental oral carcinogenesis.

Mecthods and Results: BALB/c (wild type - WT) and
cosinophil-deficient (Adb/GATA-1) mice were treated
with the carcinogen 4-nitroquinoline- 1-oxide (4NQO) in
drinking water for 28 weeks. Tongues were collected for
histopathological and immunohistochemical analysis, as
well as for the evaluation of cytokines/chemokines by
ELISA. The tongue SCC induced by 4NQO was
associated with a rise in eosinophil numbers. WT-treated
group showed a significantly increased incidence of
SCC, with higher cytological atypia, in comparison with
Adb/GATA-1 mice. Consistently, the proliferative index
was higher in WT compared to the Adb/GATA-1/GATA-
I-treated group. No significant changes in the
concentration of CCL3, CCL11 and TNF-a were
detected for both groups after 4NQO treatment.
Conclusions: These results suggest that eosinophils
might be responsible for the deleterious outcome of
experimental tongue carcinogenesis, given that their
ablation protects mice from OSCC.
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Introduction

Eosinophils are considered multifunctional
leucocytes that participate in innate and adaptive
immune responses (Hothenberg and Hogan, 2006,
Gatault et al., 2012). After different stimuli, including
carcinogens, cosinophils are recruited to inflammatory
sites, releasing a variety of cytotoxic proteins,
interleukins (e.g. TNF-a) and chemokines (e.g. CCLS
and CCL11) (Hothenberg and Hogan, 2006; Martinelli-
Kliy et al., 2009). Some of these molecules induce pro-
inflammatory effects, such as upregulation of adhesion
mechanisms, cellular trafficking and vascular
permeability, which may promote angiogenesis and,
thus, favor tumor growth (Munitz and Schaffer-Levi,
2004; Hothenberg and Hogan, 2006; Martinelli-Kldy et
al., 2009).

The increased number of infiltrated cosinophils in
tumors (also called Tumor-Associated Tissue
Eosinophilia-TATE) has been implicated as a prognostic
factor in human cancers (Munitz and Schaffer-Levi,
2004; Oliveira et al., 2011: Gatault et al., 2012).
However, the exact role of eosinophils in malignant
tumors is controversial (Martinelli-Kldy et al., 2009;
Pereira et al., 2010; Gatault et al., 2012). While some
authors suggested that TATE may be correlated with
better prognosis (Goldsmith et al., 1992; Dorta et al.,
2002), others reported their association with worse
tumor evolution (Wong et al., 1999; Alrawi et al., 2005;
Said et al., 2005; Oliveira et al.. 2011) or even no effect
(Oliveira et al., 2009; Tadbir et al., 2009). In part, these
controversies could be attributed to some limitations
associated to human studies, such as differences in
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genetic background, tumor staging, and also in the
criteria used to assess the density of cosinophils (Dorta
et al., 2002; Alkhabuli and High, 2006; Falconieri et al.,
2008).

In this regard, the use of mouse models of squamous
cell carcinoma (SCC) could be an alternative to reduce
some variables associated with clinical samples. The
tongue SCC model induced by 4-nitroquinoline-1-oxide
(4NQO) administration 1n drinking water is
characterized by significant DNA damage and dysplastic
changes in the tongue epithelium (Tang et al., 2004; Lu
ct al., 2006). This process culminates in neoplastic
transformation, mimicking several parameters of the
human condition (Tang et al., 2004; Kanojia and Vaidya,
2006; Carvalho et al., 2012; Moon et al., 2012).

In the current study the involvement of cosinophils
in SCC was investigated employing an experimental
model of tongue SCC induced by 4NQO in eosinophil-
depleted mice (Adb/GATA-1 deficient-mice).

Materials and methods
Mice

Twenty-five Adb/GATA-1 (eosinophil-deficient
mice) (donated by Dr. A. Humbles, Harvard, Boston,
MA) (Humbles et al., 2004) and BALB/c (wild type -
WT) male mice were bred in the animal facility of
Universidade Federal de Minas Gerais, Brazil.
Adb/GATA-1 and BALB/c mice present the same genetic
background (Humbles et al., 2004: Jackson laboratory,
available at http://jaxmice jax.org/strain/005653.html).
Mice were maintained under standard conditions with a
12 h light/dark cycle. controlled temperature (24+2°C)
and had free access to commercial chow and drinking
water. All experimental procedures described in the
current study were approved by the institutional Ethics
Committee (CETEA/UFMG-protocol number 12/2011).
The mice were weighed weekly and no changes in their
weight were observed during the experimental period.

Induction of SCC by 4NQO

The mouse model of tongue carcinogenesis used in
the current study was adapted from the protocol
described by Tang et al. (2004). Briefly, 4-
Nitroguinoline-1-oxide (4NQO), obtained as a powder
(Sigma-Aldrich, St. Louis, MO. USA) was dissolved in
ethylene glycol (Sigma-Aldrich) to a final concentration
of 50 ug/ml and stored at 4°C. The stock solution was
prepared weekly and diluted in the drinking water of
mice.

Experimental mice (9 WT and 6 Adb/GATA-1)
received treatment with 4NQO daily for 28 weeks. The
control groups (n=5 per group) received drinking water
without 4NQO during the same period. The mean intake
of water was recorded, but there was no difference
between the groups. After 28 weeks of carcinogen
treatment, mice were euthanized and tongue, cervical

lymph nodes, liver, stomach, duodenum, jejunum, ileum
and large intestine were collected for microscopic
analysis.

Light microscopy

Tongue, cervical lymph nodes, liver, stomach,
duodenum, jejunum, ileum and large intestine tissues
were fixed in 10% buffered formalin, embedded in
paraffin wax and cut longitudinally (3 gm). The slides
were deparaffinized, rehydrated, and stained with H&E.
The tongue lesions were classified using the following
score (adapted from Bamnes et al., 2005): O - normal, | -
mild dysplasia (changes limited at basal third of the
lining epithelium), 2 - moderate (when the changes
represented two-thirds of the lining epithelium), 3 -
severe (more than two-thirds of the epithelium affected),
4 - carcinoma in situ (full thickness of the lining
epithelium, but without involvement of the connective
tissue) and 5 - invasive carcinoma (carcinomatous
islands into the connective tissue). For microscopic
analysis, 20 consecutive fields were evaluated by two
examiners (SJ.M and S.T.A) blinded to the group status.
To validate the reliability of the inter- and intra-examiner
evaluations, the Intraclass Correlation Coefficient test
was performed and there were significant positive
correlations (p<0.001). The other organs were also
evaluated for general histopathological analysis by a
pathologist (R.M.A).

Eosinophils staining technique

For the cosinophil staining, the Sirius Red staining
protocol was followed (Meyerholz et al., 2009), adapted
from the original method published by Llewellyn (1970)
with elimination of the sodium chloride step (Llewellyn,
1970). Slides were incubated in Harris hematoxylin (two
minutes) and rinsed in tap water followed by a rinse in
100% ethanol. The slides were then immersed in an
alkaline (pH 8-9) Sirius Red solution (Sigma-Aldrich, C1
35780) for two hours and rinsed in tap water. Stained
cosinophils were counted in 20 consecutive fields of the
epithelium lining area (including a third of lamina
propria, under epithelial layer), at x 400 magnification.
Results were expressed as a total number of eosinophils
per sample.

Ki67 and PCNA immunohistochemistry and cell counting

Immunohistochemistry was performed using the
streptavidin-biotin method. Briefly, serial sections of
tongue tumors were deparaffinized, rehydrated and
rinsed in distilled water. They were then incubated with
0.3% hydrogen peroxide twice for 15 min. For antigen
retrieval, the slides were incubated in citric acid buffer
(pH=6 0) at 96°C for 20 min. The slides were incubated
at 4°C overnight with the monoclonal mouse anti-human
Ki67 antibody (clone MM1; Novocastra, Newcastle,
UK) at 1:50 or the monoclonal mouse anti-human PCNA
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antibody (clone 124; Dako. Glostrup, Denmark) at
1:800. The immunolabeling was visualized through
incubation in 3,3-diaminobenzidine (DAB) solution
(Dako). Finally, the sections were stained with Mayer’s
hematoxylin and covered. Negative controls were
obtained by omission of the primary antibody, which
was substituted by 1% PBS-BSA.

The immunostained cells were analyzed by light
microscopy (Axioskop 40 ZEISS; Carl Zeiss, Gottingen,
Germany) at 1.000x magnification and counted in the
basal and suprabasal epithelial layers in the total area of
20 consccutive fields in two sections. A proliferative
index of Ki67 and PCNA positive cells was obtained by
adding the results of basal and suprabasal epithelium
layers.

ELISA and MPO activity

Tongue lesional samples were also collected for
immunoenzimatic assays. The samples were weighed
and homogenized in phosphate buffered saline (0.4 mM
NaCl and 10 mM NaPQ,) containing protease inhibitors
(0.1 mM PMSF, 0.1 mM benzethonium chloride, 10 mM
EDTA, and 001 mg/mL aprotinin A) and 0.05% Tween-
20 at 100 mg/mL. The homogenate was centrifuged
(8946 x g) at 4°C for 10 min. The supernatant was then
collected and stored at -70°C until further analysis. The
concentration of CCL3, CCLS5, CCL11 and TNF-a was
measured using commercially available enzyme-linked
immunosorbent assay (ELISA) Kits, according to the
manufacturer’s instructions (R&D Systems,
Minneapolis, MN, USA). The results were expressed as
picugram:i of cytokines (+ SEM.) normalized for 100
mg tissue.

The MPO activity, a neutrophil enzyme marker, was
also evaluated in homogenized tongue tissues by
enzymatic reaction, as previously described (Queiroz-
Junior et al.,, 2009). The MPO contents were expressed
as relative units calculated from standard curves based
on the MPO activity from 5% casein peritoneal-induced
neutrophils.

>

&

8

)

Total Number of Eosinophils
s -
R N
5 &\ 2

Control

Statistical analysis

Results were expressed as the mean + standard error
mean (SEM). Statistical analysis was performed using
the software GraphPad Prism 5.0. The non-parametric
unpaired Student t test and analysis of variance
(ANOVA) followed by Student-Newman-Keuls post hoc
analysis were performed. Results with p<0.05 were
considered statistically significant.

Results

4NQQ treatment increases the number of eosinophils in
tongue lesions

The first step of the current study was to investigate
whether the induction of SCC by 4NQO was associated
with the presence of eosinophils in tongue lesions.
Indeed, the number of Sirius Red-stained eosinophils
was significantly increased in tongue samples of WT-
treated mice compared to their respective non-treated
controls (p<0.05) (Fig. 1). No cosinophils have been
detected in tongue samples of Adb/GATA-1 mice.

Histopathological investigation of tongue SCC and
metastatization after 4NQO treatment

After detecting increased numbers of eosinophils in
tongue lesions induced by 4NQO, potential differences
between WT and eosinophil-deficient ( Adb/GATA-1)
mice were evaluated. The histopathological analysis of
tongue samples showed that WT mice treated with
4NQO for 28 weeks (Fig. 2D-E) presented pronounced
cytological atypia (pleomorphism, atypical mitosis,
hyperchromatism) and islands of squamous cells
invading the connective tissue, in comparison with the
control (Fig. 2B). in which no changes in epithelium
architecture have been observed. Adb/GATA-1 mice also
presented significant changes in tongue epithelium after
treatment with 4NQO as indicated by the histological
score (Fig. 2A), but these alterations were less

and ANQO-treated mice. * p<0.05 in relation to control; unpaired Student's t test; B and C. Representative phatomicrographs of WT control and 4NQO-
reated tongue samples, respectively. Asterisks indicate Sinus Red-stained eosinophils.



390

Eosinophils and squamous cell carcinoma

154

Fig. 2.
Histopathological
evaluation of tongue
samples of control
and experimental
mice. A. Histo-
pathological scores
of tongue samples.
* indicates p<0.05
versus the
respective control
group. # indicates
p<0.05 versus WT-
treated group. B
and C show
representative
photomicrographs
of WT and
Adb/GATA-1control
tongue samples,
respectively. D and
F. Representative
photomicrographs
of WT and
AdYGATA-1 tongue
samples of mice
treated with 4ANQO
for 28 weeks. E and
G correspond to the
higher increase of
the squares
indicated in D and
F, respectively.
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# p<0.05 when compared to WT-treated mice. B and D represent WT and Ad'GATA-1 tongue samples of mice treated with 4NQO for 28 weeks. C



156

Eosinophils and squamous cell carcinoma

pronounced in comparison to WT mice (Fig. 2F-G). WT-
treated mice had 78% of lesions graduated with scores 4
and 5, while Adb/GATA-I-treated mice presented better
histopathological scores (67% scores 2 and 3). Tongue
samples of WT and Adb/GATA-1 treated mice were also
graduated histopathologicaly until the twentieth week,
but there were no differences between these groups (data
not shown).

Consistently with these findings, the immuno-
expression of Ki67, a proliferative marker, in the
epithelial cells was significantly increased after 4NQO-
treatment in WT when compared to Adb/GATA-1 mice
(p<0.05) (Fig. 3A-E). The number of PCNA
immunostained cells was also significantly increased in
WT-treated compared to Adb/GATA-1-treated group,
(Fig. 4).

The histopathological analysis of cervical lymph
nodes, liver, stomach, duodenum, jejunum, ileum and
large intestine of WT and Adb/GATA-1 mice revealed no
occurrence of metastasis. The liver samples of WT-
treated mice presented variable degrees of hepatocyte
tumefaction, steatosis and hemorrhage. Intestine samples
presented variable degrees of inflammation in the lamina
propria. These histopathological alterations were less
pronounced in Adb/GATA-I-treated mice (data not
shown). Analysis of the stomach of WT-treated mice
(n=2) showed squamous cell carcinoma in the aglandular
portion of the organ (Fig. 5). In contrast, no
histopathological alterations have been detected in the
stomach of Adb/GATA-1-treated mice (Fig. 5).

Inflammatory parameters in 4NQO-induced tongue SCC

In addition to the evaluation of microscopic aspects
of the lesions induced by 4NQO, some inflammatory
parameters were also investigated. The MPO activity (a
ncutrophil-enzyme marker) in tongue samples was
marginal and there were no differences when comparing
the experimental and control groups (Fig. 6).

The concentrations of the chemokines CCL3, CCLS5,
and CCLI1! in tongue samples did not differ between
WT control and WT-treated mice. Nevertheless, the
levels of CCL3 and CCL11 were significantly decreased
in Adb/GATA-1-treated mice in comparison to the WT-
treated group (Fig. 7A and B, respectively). The levels
of CCLS5 were significantly smaller in Adb/GATA-1-
treated mice than the respective control (Fig. 7C). The
expression of TNF-a was also reduced in the
Adb/GATA-1-treated group when compared to the WT-
treated mice, but this result reached no statistical
significance (Fig. 7D).

Discussion

The major findings of the current study can be
summarized as follows: 1) the treatment of mice with
4NQO induced invasive tongue SCC, which was
associated with increased numbers of cosinophils; i1)
mice lacking eosinophils (Adb/GATA-1) had OSCC with

better histopathological scores and lower proliferative
indexes than the respective WT mice.

In the current study, 4NQO, a water soluble
chemical carcinogen, was used to induce SCC in the
tongue of mice. The classical advantages of employing
this carcinogen are its solubility and its ability to induce
genetic damage (DNA adduct formation and DNA
strand breaks) that culminate in neoplastic
transformation similar to humans (Vered et al., 2003;
Ribeiro et al., 2004; Tang et al., 2004). It also causes
damage similar to tobacco (Kanojia and Vaidya, 2006;
Lu et al., 2006), one of the major risk factors for SCC
(Massano et al., 2006). Herein, 4NQO treatment in
drinking water induced histopathological SCC features
in the tongue epithelium of WT mice in a time-
dependent manner, given that the histopathological
scores found after 28 weeks were worse than those
observed after 20 weeks of treatment (data not shown).
Indeed, some authors support that chemical
carcinogenesis is a multi-step process, which involves
the long-term exposure to one or more chemical
carcinogens (Boyd and Reade, 1988). A previous report
has shown that 4NQO induces clinical signs of SCC
slowly (Gannot et al., 2004). In the current study, mice
did not exhibit significant clinical changes in their
tongue surfaces and in the mean body weight after
4NQO treatment. Furthermore, no evidence of
metastasis has been detected as previously described
(Tang et al,, 2004). In line with this, a recent study
demonstrated lymph node metastasis in this model, but
the dose used was 4 times greater than that employed in
the current study (Li et al., 2012). Despite these clinical
data, mice exhibited pronounced epithelial atypia and
unfavorable histopathological scores, consistent with
SCC. Accordingly, the immunoexpression of the

g *
= ==
5 .
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g 0 T T
Balb GATA -/- Balb GATA /-
Control 4NQO

Fig. 4. Immunohistochemical expression of PCNA in the tongue of mice.
Quantification of total PCNA positive cells in WT and Adb/GATA-1
tongue samples of mice treated or not with 4NQO for 28 weeks.
* p<0.05 when comparing the WT-treated mice to the respective control.
# p<0.05 when compared to WT-treated mice.
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proliferative markers Ki67 and PCNA was significantly
increased in WT-treated mice. The expression of these
markers is strongly related to increased cellular
proliferation and neoplastic conversion during SCC
development (Silva et al., 2007; Fracalossi et al., 2011).

All these histopathological parameters induced by
the treatment with 4NQO were associated with increased
numbers of eosinophils, when compared with the
control. These findings suggested for the first time that
eosinophils could be associated with the development of
tongue SCC in this experimental model.

The presence of eosinophils in human cancers has
been reported in different anatomical sites (Ferndndes-
Acefiero et al., 2000; Cuschieri et al., 2002; Spicgel ct
al., 2002; Tadbir et al., 2009). Nevertheless, the precise
role of TATE in SCC is controversial. Several studies

Fig. 5. risopummmlmayssdstMmmdbrdNOOtmm A. Microscopical of sto

have shown that TATE may be correlated with better
(Goldsmith et al., 1992; Dorta et al., 2002), worse
(Wong et al., 1999; Alrawi et al., 2005; Said et al., 2005)
or even may have no influence on SCC prognosis
(Oliveira et al., 2009; Tadbir et al., 2009). Here, after
detecting increased numbers of cosinophils in tongue
lesions induced by 4NQO, the involvement of this cell
type in tumor development was explored using
Adb/GATA-1 mice. This mouse lincage is known to be
devoid of eosinophils due to an engineered deletion of a
palindromic double-enhancer binding site for GATA
proteins in the gene encoding GATA-1 (Humbles et al.,
2004). The data showed that the treatment of these
cosinophil-deficient mice with 4NQO induced
histopathological signs of SCC in their tongue, but these
signs were significantly decreased when compared with

ch of WT. B. Histopathological

analysis of the stomach of WT-treated mice ing cell

lnmeamhvpaﬂonoﬂheomm C. Ad'GATA-1 stomach sample
of control mce. D. NoevldenceofSOCmssamhAdiGAThlmedmice E: epithelium stomach surface. x 400; insets, x 100
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WT mice. The lack of cosinophils was associated with a
better status of SCC after 28 weeks of 4NQO treatment.
AdB/GATA-1 mice also seemed to present protection
against potential systemic commitment induced by
4NQO, i.e. these mice did not present alterations in other
evaluated organs, except for the tongue, in contrast to
WT mice, which presented malignant transformation of
the stomach epithelium in some cases. These findings
are in line with the study of Wong and colleagues
(1999), who found that the ablation of TATE by
administration of anti-interleukin-5 monoclonal antibody
in hamsters induced smaller tumor burden and delayed
the onset of SCC development in these animals { Wong et
al., 1999),

Eosinophils are multifunctional leucocytes involved
in cytotoxicity, inflammatory processes, tissue
remodeling and modulation of immune responses
(Gatault et al., 2012). Moreover, eosinophils are
considered to be active components of peritumoral and
intratumoral inflammatory infiltrate (Dorta et al., 2002;
Hogan, 2007; Martinelli-Kliy et al., 2009). Under
specific stimuli, eosinophils are able to promote directly
or indirectly the release of several inflammatory
mediators, including cytokines and chemokines (CCL2,
CCL3,CCLS and CCL11) that may recruit inflammatory
cells to the umor environment and allow the modulation
of the immune responses (Hothenberg and Hogan, 2006;
Gatault et al., 2012). In this regard, the induction of SCC

lesions by 4NQO did not trigger an increase in the
expression of CCL3, CCL5, CCL11 and TNF-at in the
tongue of mice in the evaluated time-point. These data
are in agreement with some evidence from the literature,
indicating that the experimental model of 4NQO-
induced tongue 1s not associated with marked expression
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Fig. 6. Myeloperoxidase activity in tongue samplas of mice. The
presence of neutrophils was indirectly measured by MPO activity. The
MPO expression in both experimental and control groups was manginal
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of inflammatory mediators in tumor sites (Gannot et al..
2004; Tang et al., 2004; Schoop et al., 2009). One
hypothesis 1s that the expression of such mediators could
be increased in the earlier stages of tumor development,
although this remains to be addressed in further studies.
Nevertheless, the levels of the CC chemokines 3 and 11
were significantly decreased in tongue lesional samples
of Adb/GATA-1-treated mice versus WT-treated mice.
Morcover, the 4NQO-treatment was associated with
reduced expression of CCLS in Adb/GATA- 1-treated
mice in relation to the respective control. These results
may suggest that the recruitment of inflammatory cells
may be partially impaired in Adb/GATA-1-treated mice
during carcinogenesis. However, no changes in MPO
were observed after 4NQO treatment between the
groups. In view of the non-mechanistic nature of the
current data, these findings deserve further investigation.

Taken together the current results indicate that
eosinophils may participate in tongue carcinogenesis,
given that their ablation protected mice from SCC.
Studies using mouse models can be helpful in the
clarification of the roles of specific cell types in tumoral
biology and can provide a better understanding about
their involvement in tumor development.
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ANEXO B

UN|VERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM EXPERIMENTAGAO ANIMAL
-CETEA-

CERTIFICADO

Certificamos que o Protocolo. n°® 12/2011, relativo ao projeto - intitulado
* Participacdo do infiltrado inflamatorio peritumoral. e da quimiocina MIP-
1A/CCL3 na carcinogénese bucal’, que .tem cOmo responsavel(is) Tarcilia
Aparecida Silva , esta(do) de acordo com 05 Pri nc1p|os ‘Eticos da Experimentagdo
Animal, adotados pelo Comité de Etica em Experimentagcdo Animal
(CETEA/UFMG), tendo sido aprovadp na reunidgo de 30/ 03/2011.

Este certificado expira-se em 30/ 03/ 2016.

CERTIFICATE-

We hereby certify that the Protocol n® 12/2011( related to the project entitled
“Role of peritumoral inflammatory infiltrate and. the chemokine MIP-
13/CCL3 on oral carcinogenesis!, under the supervisiors of Tarcilia Aparecida
Silva, |s in agreement w:th the Ethlcal Prlnaples in Animal Experimentation, adopted
by the Ethlcs Committee in Animal Expenmentatlon (CETEA/UFMG), and
was approved in March 30, 2011.

This certificate expires in March 30, 2016.

‘

4 de Abril de 2011.

" saura Alvarez-Leite

" Coordenad do CETEA/UFMG

Universidade Federal de Minas Gerais
Avenida Antdnio Carios, 6627 — Campus Pampulha
Unidade Administrativa Il - 2> Andar, Sala 2005
31270-901 - Belo Horizonte, MG - Brasil
Telefone: (31) 34994516
www.ufma.bribioeticalcetea - cetea@prpg.ufmg.br
(Mod.Cert. v1.0) ’ w, Sieer Ay 8% .
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Universidade Federal de Minas Gerais
Comité de Etica em Experimentagio Animal - CETEA

OF. CETEA-009/13 Belo Horizonte, 15 de abril de 2013.

Sra.

Profa. Tarcilia Aparecida da Silva

Departamento de Clinica, Cirurgia e Patologia Oral
Faculdade de Odontologia

Nesta

O Comité de Etica em Experimenta¢do Animal (CETEA) da UFMG informa que
na reunido ordinaria do dia 27/03/2013, em face da solicitagdo apresentada por V. Sa.,
aprovou o pedido de adendo ao projeto de pesquisa protocolado sob o numero 12/2011,
titulo "Participa¢do do infiltrado inflamatério peritumoral e da quimiocina MIP-
1A/CCL3 na carcinogénese bucal" para a inclusdo de novo experimento para a indugdo
da carcinogénese na lingua dos camundongos pelo carcindgeno quimico 4-
Nitroquinolina-1-6xido cujo objetivo é avaliar o papel dos receptores de CCL3( CCrl,
CCr5 e D6) e da quimiocina CCL2 na carcinogénese.

Foi aprovada inclusdo dos seguintes camundongos (grupos): 5 animais CCRI-/-
(KO) que beberdo agua filtrada (controles); 5 animais CCR1-/- (KO) que receberio o
4NQO na dgua de beber durante 28 semanas; 5 animais CCR5-/- (KO) que beberdo
4gua filtrada (controles); 5 animais CCR5-/- (KO) que receberdo o 4NQO na agua de
beber durante 28 semanas; ; 5 animais D6-/- (KO) que beberdo 4gua filtrada (controles);
5 animais D6-/- (KO) que receberfio o 4NQO na dgua de beber durante 28 semanas; 5
animais CCR2-/- (KO) que beberdo 4gua filtrada (controles); 5 animais CCR2-/- (KO)
que receberdo 0 4NQO na agua de beber durante 28 semanas.

Sendo o que nos apresenta no momento, ficamos a sua inteira disposigéo para
outros esclarecimentos que se fizerem necessarios.

Atenciosamente

Profa. J acquelr’rfg Ishura Alvarez Leite
Coordenadora do CETEA/UFMG

Vi

O CETEA tem novo site: http://www.ufmg.br/bioetica/cetea/.
E-mail : cetea@prpg.ufmg.br
Endereco: Unidade Administrativa ll, 2°. andar, sala 2005.
Tel. 3409-4516, Fax: 3409-4592
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ANEXO C

SERVIGO PUBLICO FEDERAL o B
UNIVERSIDADE FEDERAL DE GOIAS ® @
PRO-REITORIA DE PESQUISA E POS-GRADUACAO -l

COMITE DE ETICA EM PESQUISA

Goiania, 01/05/2010

PARECER CONSUBSTANCIADO REFERENTE AO PROJETO DE PESQUISA,
PROTOCOLADO NESTE COMITE SOB O N°013/2010

I - Identificacio

- Titulo do projeto: Significancia clinico-patolégica da expressdo das
quimiocinas CCL19 e CCL21 e de seu receptor especifico no carcinoma
espinocelular de boca

— Pesquisador Responsavel: Helenisa Helena de Oliveira Neto

~ Orientador (quando necessario): Aline Carvalho Batista

— Pesquisadores participantes:

- Instituic@o onde sera realizado o estudo:

— Data de apresentagao ao CEP/UFG:

— Area Temitica:

Comentéarios do relator frente & Resolugado CNS 196/96 e
complementares em particular sobre:

V- Parecer do CEP

Os pesquisadores atenderam as sugestoes propostas e, portanto, meu
parecer é favoravel a aprovagao do projeto, salvo melhor juizo deste Comité.

O pesquisador responsavel devera encaminhar ao CEP/UFG, relatorios

da pesquisa encerramento, concluséo (8es) e publicagio (6es) de acordo com
as recomendagées da Resolugao 196/96.

VI — Data da reuniao: 03/05/2010

Assinatura do(a) relator(a):
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