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CARRARA, Iriana Moratto. Metformina como agente preventivo do carcinoma
espinocelular de pele induzido por UVB: perfil oxidativo cutaneo e sistémico.
21016. 64 f. Dissertacdo (Mestrado em Patologia Experimental) — Universidade
Estadual de Londrina, Londrina, 2016.

RESUMO

O carcinoma espinocelular de pele (CEC) est4 fortemente relacionado a exposicao
cronica ao sol. A exposicao a UV induz a producéo de espécies reativas de oxigénio
e destruicdo da defesa antioxidante epidérmica levando ao dano oxidativo. Em longo
prazo, o dano cumulativo pode desencadear a fotocarcinogénese e desenvolvimento
do CEC. Sendo assim, a busca por agentes preventivos tem crescido de maneira
significativa. Estudos epidemiolégicos indicam que pacientes sob o uso de
metformina (MET) — um antihiperglicemiante oral utilizado no tratamento do diabetes
mellitus tipo 2 — apresentam menor incidéncia em diversos tipos de cancer em
relacdo a pacientes tratados com outro farmaco. Tendo em vista a relacdo
estabelecida entre o estresse oxidativo (EO) e o cancer, bem como o potencial
antineoplésico da MET, o objetivo deste trabalho foi avaliar o efeito preventivo da
MET sob o CEC experimental induzido por UVB, através da analise dos parametros
de EO. Camundongos hairless HRS/J foram divididos em dois grupos controle (MET
e PBS) e dois grupos experimentais (PBS+UVB e MET+UVB). Os animais foram
tratados diariamente com MET i.p. (90 mg/kg) ou PBS e em seguida submetidos a
radiacdo UVB cinco vezes na semana por 16 minutos (0,228 J/cm?), durante 15
semanas (dose cumulativa = 17,1 J/cm?). Coletou-se o sangue e a pele do dorso
livre de lesédo para as analises sistémicas e locais de EO, bem como as lesdes
cutaneas induzidas por UVB para andlise histopatolégica e imunohistoquimica. Os
animais do grupo PBS+UVB que desenvolveram CEC apresentaram aumento dos
niveis 3-NT, 4-HNE e p53 no tecido tumoral, acompanhado do aumento dos niveis
de MDA e diminuicdo da atividade da catalase e capacidade antioxidante total
(TRAP) na pele adjacente. Sistemicamente nestes animais, o EO foi refletido por
diminuicdo de GSH e aumento de GSSG, acompanhado do aumento dos niveis de
AOPP e diminuicdo da TRAP. O tratamento com MET diminuiu a proliferacéo
epidérmica e o dano epitelial, os niveis de p53, 4-HNE e 3-NT no tecido tumoral e foi
capaz de restaurar a defesa antioxidante e prevenir a produ¢cdo de MDA na pele
adjacente. A nivel sistémico, a MET preveniu o aumento dos niveis de AOPP. Este &
o primeiro trabalho a fornecer evidéncias de que um dos mecanismos da MET
envolve uma regulacdo positiva do sistema antioxidante epidérmico. Ainda, o
presente estudo evidencia a relagdo entre o EO induzido por UVB e sugere que, no
CEC, o EO ocorre em nivel local e sistémico, fornecendo base para estudos
prospectivos a fim de padronizar biomarcadores decorrentes do dano foto oxidativo,
no sangue e na pele.

Palavras-chave:Cancer de pele ndao melanoma. Carcinoma Espinocelular.
Metformina. Estresse Oxidativo. Sistema antioxidante. Perfil
oxidativo sistémico.



CARRARA, Iriana Moratto. Metformin as a preventive agent of UVB-induced
squamous skin cell carcinoma: cutaneous and systemic oxidative profile. 2016. 64
p. Dissertation (Master’s Degree in Experimental Pathology) — Universidade Estadual
de Londrina, Londrina, 2016.

ABSTRACT

Squamous skin cell carcinoma (SCC) is strongly related to solar chronic exposure.
Exposure to UV induces reactive oxygen species production and destruction of
epidermal antioxidant defense leading to oxidative damage. Long-term effect,
cumulative damage can trigger photocarcinogenesis and SCC development. Thus,
preventive agents has been extensively researched. Epidemiological studies indicate
that patients treated with metformin (MET) - an oral antihyperglycaemic drug used to
treat diabetes mellitus - present lower incidence in several types of cancer than
patients treated with another drug. Given the established relationship between
oxidative stress (OS) and cancer, as well as the antineoplastic potential of MET, the
objective of this study was to evaluate the preventive effect of MET in UVB-induced
SCC, by analyzing OS parameters. Hairless HRS/J mice were divided into two
control groups (MET and PBS) and two experimental groups (PBS + UVB and MET +
UVB). Animals were treated daily with MET i.p. (90 mg / kg) or PBS and then
submitted to UVB radiation five times a week for 16 minutes (0.228 J / cm 2) for 15
weeks (cumulative dose = 17.1 J / cm 2). Blood and adjacent skin from cutaneous
lesions were collected for systemic and local OS analyzes as well as UVB-induced
cutaneous lesions for histopathological and immunohistochemical analysis. The
animals from PBS + UVB group that developed SCC showed increased levels of 3-
NT, 4-HNE and p53 in tumor tissue, accompanied by increased MDA levels and
decreased catalase activity and total antioxidant capacity (TRAP) in adjacent skin .
Systemically, these animals showed OS reflected by decreased GSH and increased
GSSG, accompanied by increased AOPP levels and decreased TRAP. MET
treatment reduced epidermal proliferation and epithelial damage, p53, 4-HNE and 3-
NT levels in tumor tissue and was able to restore antioxidant defense and prevent
production of MDA in adjacent skin. At the systemic level, MET prevented increase in
AOPP levels. This is the first work to provide evidence that one of the MET
mechanisms involves a positive regulation of the epidermal antioxidant system.
Furthermore, the present study evidences the relationship between UVB-induced OS
and suggests that OS occurs at local and systemic level in SCC, providing a basis for
prospective studies to standardize biomarkers due to photo oxidative damage in
blood and blood.

Keywords: Non melanoma skin cancer. Squamous skin cell carcinoma. Metformin.
Oxidative stress. Antioxidant system. Systemic oxidative profile.
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1 INTRODUCAO

1.1 CANCER DE PELE NAO MELANOMA

1.1.1 Aspectos Epidemiolégicos e Clinicos do Cancer de Pele Ndo Melanoma

O céancer de pele ndo melanoma (CPNM) corresponde a 20% das
neoplasias cutdneas e é representado por dois principais tipos: o carcinoma
basocelular (CBC), que representa 80% dos CPNM e o carcinoma espinocelular
(CEC), representando 20% dos casos de CPNM (KRAFT & GRANTER, 2014; INCA,
2015).

No Brasil, O CPNM representa 25% das neoplasias malignas
registradas, sendo o tumor mais incidente em ambos 0s sexos nas regides Sul,
Sudeste e Centro Oeste, e 0 segundo nas regides Norte e Nordeste (INCA, 2015). A
estimativa do Instituto Nacional do Cancer (INCA) para os anos de 2016/2017 é de
80.850 novos casos entre homens e de 94.910 em mulheres, totalizando uma
incidéncia de 175.760 novos casos na populacéo brasileira (INCA, 2015). Segundo a
Organizacdo Mundial de Saude (WHO), a incidéncia anual de novos casos de CPNM
é 2-3 milhdes, em todo o mundo (WHO, 2016).

O fator de risco predominante para o desenvolvimento do CPNM
corresponde a exposicdo crbnica a radiacdo ultravioleta (UV), assim como para
lesbes cutaneas que podem evoluir para CPNM, como a queratose actinica (QA)
(MURAD & RATNER, 2001; ORAZIO, et al.,, 2013; BARRETTE, et al., 2013;
KOYUNCUER, 2014; WILLIANS, et al., 2014; COSTA, et al., 2015). A radiacdo UV é
um carcinégeno ambiental bem estabelecido e atua como iniciador e promotor desta
neoplasia, através da formagdo de dimeros de pirimidina, producdo de espécies
reativas por fotosensibilizagéo, inflamacéo e imunossupressao (CARR, et al., 2012;
D’ORAZIO, et al., 2013; WILLIAMS, et al., 2014; DAMIANI & ULLRICH, 2016).

Sendo assim, considerando a etiologia da doenca, as regifes do
corpo frequentemente expostas ao sol, como cabeca e pescog¢o sao os locais mais
frequentes para o aparecimento do tumor (SCHMULTS, et al., 2013), representando
65% das areas acometidas pelo CEC em individuos de pele clara, e 35% em
individuos de pele mais escura (KRAFT & GRANTER, 2014; KOYUNCUER, 2014).
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Os fatores de risco para o CPNM relacionados a exposi¢do solar
correspondem a cor da pele e idade. Individuos com fenétipo Fitzpatrick I-1ll e de
idade avancada sdo os mais acometidos por esta neoplasia, em funcdo da menor
expressdo de eumelanina e dano cumulativo de radiacdo, respectivamente
(D’ORAZIO, et al., 2013; KRAFT & GRANTER, 2014; HAY & FULLER, 2015).

Como mencionado, lesBes pré existentes, como a QA, representa
um importante fator de risco para progressao do CPNM, em particular, o CEC
(COSTA, et al., 2015; DODDS, CHIA & SCHUMAK, 2014). A QA, ou gueratose solar,
corresponde a uma lesdo decorrente da exposicdo excessiva ao sol, que pode
anteceder o CEC. Segundo Costa e colaboradores (2015), a QA pode regredir,
permanecer estavel ou, em 0,1-20% dos casos, pode progredir para carcinoma in
situ ou CEC. Evidéncias histologicas mostram que a maioria dos CEC se déa a partir
da QA, porém nao € possivel prever qual lesdo de QA ira avancar (ZALAUDEK,
GIACOMEL, et al., 2012). Porém, pacientes que apresentam 5 ou mais lesdes de
QA possuem até 80% de chance de desenvolver CEC (DODDS, CHIA & SCHUMAK,
2014). A Figura 1 representa 0s aspectos macroscopicos da lesdo de CEC e QA na

pele.

Figura 1 — Aspectos macroscoépicos do carcinoma espinocelular de pele e queratose
actinica. Clinicamente, as lesées de CEC podem se manifestar como (A) placas
escamosas e avermelhadas com bordas irregulares, (B) elevacdes com depresséo
central, (C) uma ferida persistente que nao cicatriza, (D) assim como na forma de
verruga. A QA pode se manifestar como (E) lesdes avermelhadas de superficie
escamosa e crostosa, bem como (F) multiplas lesGes de textura aspera semelhante
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a verrugas. (Fonte: Skin Cancer Foundation, 2016). Disponivel em:
<http://www.skincancer.org> Acesso em 7 de jan. 2016.

Existem particularidades entre CBC e CEC, que envolve aspectos
estruturais e clinicos. A origem destes dois tipos de CPNM se da na epiderme na
pele. Porém, o CBC é originado a partir das células da camada basal e o0 CEC a
partir dos queratinécitos da camada espinhosa (Figura 2) (KRAFT & GRANTER,
2014; INCA, 2015).

V Estratos da epiderme.
Haste do pelo \°) Células de Langerhans
T oY
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Figura 2 — Estrutura da pele e camadas da epiderme. A pele é dividida em
hipoderme, derme e epiderme. A epiderme consiste de um epitélio pavimentoso
estratificado, constituida em 95% por células denominadas queratinécitos. Outros
tipos celulares, como melandcitos, células de Langerhans e células de Merkel
representam 5% da composicdo da epiderme. A morfologia e estado de
diferenciacdo dos queratindcitos formam a base para a identificacdo das quatro
camadas da epiderme, denominadas (1) camada basal, (2) camada espinhosa, (3)
camada granular e (4) camada cornéa. O CPNM tem sua origem a partir da
transformacao maligna das células da epiderme. O subtipo CBC é originado a partir
das células da camada basal e o CEC a partir dos queratindcitos da camada
espinhosa (Fonte: OVALLE, W. NETTER, BASES DA HISTOLOGIA, 2008).
Considerando o padrédo de exposicdo ao sol, o CBC parece estar
relacionado a exposicdes intermitentes ao sol, enquanto o CEC esta fortemente
associado a exposicdo cumulativa ao sol (KRAFT & GRANTER, 2004; LUCAS, et al.,
2015). Em relacéo a agressividade do CPNM, O CEC possui maior probabilidade de
metastatizar, em comparacdo ao CBC (ALAM & RATNER, 2001). Quando
manifestado em regides como témporas, orelhas e labios, o CEC apresenta carater

mais agressivo, devido ao aumento do risco de recorréncia e metastase. Tais
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eventos estdo associados ao tamanho do tumor (didmetro maior que 2 cm) e
localizacdo, pois favorecem a infiltracdo nodal (ALAM & RATNER, 2001; MCGUIRE,
GE & DYSON, 2009; SCHMULTS, et al., 2013).

Brougham e colaboradores (2012) verificaram ocorréncia de
metastase em 1,9 - 2,6% em pacientes portadores de CEC. Schmults e
colaboradores (2013), ao estudarem fatores de risco associados a um pior
prognostico de CEC, verificaram que o0s pacientes acometidos por CEC
apresentaram risco de metastase de 3-7% e risco de morte correspondente a 2,1%
(BROUGHAM, et al., 2012; SCHMULTS, et al., 2013).

O diagndstico do CPNM inicia-se com a anamnese do paciente e
exame fisico, no qual é considerado o histérico do paciente sobre a exposi¢ao ao sol
na infancia, exposicdo a UV ocupacional ou ndo, bem como outras informacgfes
relacionadas a outros fatores de risco em potencial, como produtos quimicos
carcinogénicos e imunossupressdo (ALAM & RATNER, 2001). O diagnéstico
diferencial entre CBC e CEC é realizado através da analise histopatoldgica do tecido
tumoral (KRAFT & GRANTER, 2014; KOYUNCER, 2014), conforme descrito no
préximo tépico.

Apesar de apresentar um bom prognéstico e possuir baixa taxa de
mortalidade em relacdo ao melanoma, o CPNM pode levar a ulceragcdes dolorosas e
deformidades graves na pele quando nao diagnosticado precocemente, uma vez
gue a remocao cirargica do tumor é o tratamento mais indicado para esta neoplasia
(PHILLIPS, et al., 2013; INCA, 2015; WHO, 2016; SEBER, et al., 2016). Dependendo
da extensdo do tumor, a cirurgia torna-se mutilante e causa grandes transtornos
psicolégicos aos pacientes, dificultando sua sociabilizacdo e qualidade de vida.
Sendo assim, 0s pacientes acometidos necessitam de suporte psicolégico e/ou
psiquiatrico, antes e apdés o tratamento cirlrgico, devido ao grande impacto
psicolégico que estes podem sofrer devido a possibilidade de lesdo desfigurante
(NICE, 2006; BATH-HEXTALL, et al., 2013; LIU, et al., 2015).

Além disso, dependendo da area afeta, a remocao cirdrgica ndo €
recomendada, em virtude da localizacdo da lesdo ou existéncia de metastase.
Nestes casos, existem poucas opc¢Oes de tratamento (SEBER, et al.,, 2016). Uma
das intervencdes terapéuticas corresponde a quimioterapia a base de cisplatina,
porém este quimioterapico frequentemente leva a leucopenia e nefrotoxicidade e

pode ser letal para individuos idosos que sdo os mais acometidos pelo CEC. O
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tratamento com cetuximab, um anticorpo inibidor do receptor do fator de crescimento
epidérmico (EGFR) — que esta relacionado ao desenvolvimento da doenca —
apresenta eficacia no tratamento de CEC, assim como no CEC recorrente (SEBER,
et al., 2016). Entretanto, ainda ha duvidas em relacdo a abordagem terapéutica na
doenca localizada e avancada e a compreensao dos mecanismos da doenca faz-se
necessario (PALYCA, et al., 2014).

1.2 Histopatologia da Queratose Actinica e Carcinoma Espinocelular de Pele

A QA corresponde a uma lesédo decorrente da exposicao excessiva
ao sol, com alto potencial de malignizacdo com evolugéo para CEC. Conforme pode
ser observado na Figura 3, histologicamente, a QA é representada por displasia
celular, com variacdo no tamanho e forma celular, ndcleos hipercromaticos com
volume aumentado e forma irregular. A QA pode apresentar hiperproliferacédo da
camada de cérnea, evento denominado hiperqueratose (COCKERELL, 2000; ALAM
& RATNER, 2001; DODDS, CHIA & SCHUMAK, 2014).

Figura 3 - Histopatologia da queratose actinica. A lesdo é caracterizada
histologicamente por hiperproliferacdo da epiderme e queratinécitos apresentando
atipias celulares, dentre elas: variacdo no tamanho e forma celular (cabeca de seta),
nacleos hipercromaticos com volume aumentado e forma irregular (seta),
compremetendo parcialmente a epiderme, podendo ou ndo apresentar
hiperqueratose (*). H&E 200x (Fonte: KRAFT & GRANTER, 2014).

O carcinoma in situ representa forma localizada do CEC. Histologicamente, o
carcinoma in situ € caracterizado por hiperproliferacdo de queratindcitos neoplasicos

comprometendo a epiderme em sua totalidade, porém a lesdo mantém-se confinada
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a mesma, sem invasao dérmica. Por outro lado, a lesdo de CEC estende-se além da
epiderme, invadindo a membrana basal e a derme da pele (Figura 4), representando,
dessa forma, a principal caracteristica que leva ao diagnéstico diferencial entre as
formas localizada (in situ) e invasiva (CEC) (MCGUIRE, GE & DYSON, 2009;
DOODS, CHIA & SCHUMAK, 2014; FLORENCE, et al., 2015).

Além de comprometer a integridade da epiderme e apresentar invasdo dérmica, o
CEC é caracterizado por ninhos eosinofilicos e pontes intercelulares, podendo ou
nao apresentar atipias celulares, conforme ilustrado na Figura 4A. Um achado
frequente desta neoplasia corresponde ao queratocisto, ou perola cornea, estrutura
originada pelo excesso de queratinizacdo, que se da em aspecto concéntrico e que
pode se formar na epiderme ou derme, conforme mostra a Figura 4B (ACS, 2013;
DOODS, CHIA & SCHUMAK, 2014; KOYUNCUER, 2014; KRAFT & GRANTER,
2014).

Figura 4 — Histopatologia do carcinoma espinocelular de pele (CEC). O diagnéstico
do CEC é feito pela histopatologia do tecido tumoral e diferencia-se histologicamente
do carcinoma in situ pela perda da integridade da membrana basal e invaséo
dérmica. A) CEC com presenca ninhos eosinofilicos na derme. Observa-se pontes
intercelulares (cabeca de seta) e mitose atipica (circulos) (H&E 200x); B) CEC com
presenca de pérolas coérneas de queratinizacdo (setas). H&E 400x. (Fonte: KRAFT
& GRANTER, 2014; KOYUNCUER, 2014).

1.2 CARCINOMA ESPINOCELULAR, ESTRESSE OXIDATIVO E FOTO CARCINOGENESE

Como mencionado, o principal fator etiolégico do CEC € a exposi¢ao
cronica a radiacdo UV (MURAD & RATNER, 2001; ORAZIO, et al., 2013;
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BARRETTE, et al., 2013; KOYUNCUER, 2014), e sua incidéncia aumenta
proporcionalmente a exposicao solar cumulativa (WILLIANS, et al., 2014). O mesmo
ocorre para a QA e carcinoma in situ (ACS, 2013; KRAFT & GRANTER, 2014,
COSTA, et al., 2015).

A radiacdo UV desencadeia a tumorigénese do CPNM, em particular
do CEC, processo denominado fotocarcinogénese, que consiste nas fases de
iniciacdo, promocdo e progressdo do tumor. Sua patogénese molecular — assim
como na grande maioria das neoplasias — € caracterizada pela inibicdo da apoptose
e hiperproliferacdo celular, resultando na progressdo do tumor (KRAFT &
GRANTER; KATTA & BROWN, 2015).

Os principais genes mutados no CEC correspondem ao gene de
reparo p53, ARF e INK4b e a via PTEN/PI3K/Akt. A alteracdo da via PI3K/Akt esta
associada ao aumento da ativacdo da mTORC1, uma proteina quinase envolvida
com o crescimento e proliferacao celular, através da regulacéo sintese protéica, bem
como associada com a transducédo de sinal do fator de crescimento epidermal (EGF)
(ANG & BERKEY, 2002; SEGRELLES, et al., 2007; ATHAR & KOPELOVICH, 2011;
DODDS, CHIA & SCHUMAK, 2014; LIN, et al, 2014; FLORENCE, et al., 2015).

1.2.1 Espécies Reativas de Oxigénio e Sistema Antioxidante

As Espécies Reativas de Oxigénio (ERO) e Nitrogénio (ERN)
correspondem a atomos ou moléculas derivadas do oxigénio que, em sua grande
maioria, possuem um ou mais elétrons desemparelhados em sua ultima camada
eletrnica, o que proporciona uma alta reatividade a estas espécies. Dentre as ERO
e ERN pode-se destacar o anion superoxido (O2-¢), radical hidroxila (¢ OH-), peroxido
de hidrogénio (H202), éxido nitrico (*NO), peroxinitrito (ONOO-+) e os peroxidos
organicos (LOOH) (HALLIWELL & GUTTERIDGE, 2007; FERREIRA &
MATSUBARA, 2001).

O metabolismo intracelular possui diversas fontes que levam
indiretamente ou diretamente a producédo de ERO (Figura 5). Através das reacgfes de
oxirreducao, as ERO atuam como moléculas sinalizadoras em vias de transducao de
sinal, necessarias para processos fisioldgicos da célula, bem como outras fungdes. A

regulacdo da homeostase redox € essencial para manter as funcdes celulares
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adequadas, assim como a sobrevivéncia da célula (GORRINI, HARRIS & MAK,
2013; HOLMSTROM & FINKEL, 2014).
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Figura 5 — Fontes endbégenas de espécies reativas de oxigénio. O metabolismo

intracelular possui sistemas oxidantes enzimaticos e ndo enzimaticos que levam a
producdo de ERO. Com excecao do sistema NADPH oxidase, que tem por finalidade
a producdo de ERO, a geracdo de espécies reativas ocorre como subproduto de
reagOes biolégicas (Fonte: HOLMSTROM & FINKEL, 2014).

Estimulos ex6genos também induzem a producdo de ERO e
contribuem fortemente para o desbalanco redox, que correspondem a radiagéo UV e
ionizante, poluentes ambientais, altas concentracbes de O,, lesdes fisicas,
microorganismos, entre outros. (KOHEN & GATI, 2000; HOLMSTROM & FINKEL,
2014).

Sendo assim, para manter as ERO em concentragfes ideais e
prevenir o desequilibrio redox, a pele possui um sistema de defesa antioxidante
enddgeno, constituido por componentes enzimaticos e nao enzimaticos, que
controlam as ERO. Acredita-se que a defesa antioxidante também desempenhe
papel sinalizador, em virtude de sua alta especificidade com as espécies reativas,
atuando como sensores e transdutores dos sinais dependentes das reacdes redox
Os principais componentes antioxidantes epidérmicos corresponde as enzimas

superoxido dismutase (SOD), catalase (CAT), bem como pelo sistema glutationa e
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por antioxidantes de baixo peso molecular (ESCOBAR, RUBIO & LISSI, 1995;
GUARATINI, MEDEIROS & COLEPICOLO, 2006; HOLMSTROM & FINKEL, 2014).

A SOD é responsavel pela dismutacdo do O, em H,O,e O, e a CAT
catalisa especificamente a degradacdo o H,O, em H,O e O, (FERREIRA &
MASTUBARA, 2001):

20, + 2H* === H,0, + O,

2H,0, 2L, 2H,0+0,

O sistema glutationa, composto pela glutationa peroxidase (GPXx),
que atua na remocdo de H,O, e de peroxidos organicos, catalisa oxidacdo da
glutationa reduzida (GSH) em glutationa oxidada (GSSG). A GSH, tiol crucial na
manutencdo do status redox, pode ser recuperada através da acdo da enzima
glutationa redutase (GR), reciclando a GSSG em GSH. A GR utiliza NAPDH como
cofator, dependendo, dessa forma, da integridade das vias da pentose fosfato, que

gera NAPDH (FERREIRA & MASTUBARA, 2001):

GPx

H,0, + 2 GSH — 2 H,0 + GSSG

GPx

LOOH + 2 GSH —— 2 H,0 + GSSG + LOH

GSSG + NADPH + H*——. NAP* + GSH

A relacdo GSH/GSSG pode definir o status redox celular, uma vez
que estes parametros refletem o status oxidativo que interagem com o sistema
glutationa, bem como os processos redutores que mantém a homeostase redox
(JONES, 2006).

Os antioxidantes de baixa massa molecular presentes na pele sao
capazes de prevenir o dano oxidativo por interacfes diretas e indiretas com as ERO.
Eles podem atuar como scavengers, doando elétrons para as espécies reativas e
estabiliza-las, outros podem atuar como quelantes de metais de transicdo, em
especial o ferro, prevenindo, dessa forma, a participacao destes ions nas reacdes de
Haber-Weiss e Fenton, no qual ocorre a formacao de O;", H,O, e OH". Também ha

antioxidantes de baixa massa molecular que podem atuar como precursores na
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sintese de compostos com acdo antioxidante. Podem ser destacados o a-tocoferol,
acido ascérbico, peptideos de histidina, proteinas de ligacdo ao ferro, como
transferrina e ferritina, acido lipéico, melatonina, urato, acido uracénico e tibis
(KOHEN & GAITI, 2000; GUARATINI, MEDEIROS & COLEPICOLO, 2006).

Em condi¢cdes anormais no qual ha producdo desequilibrada de
ERO, ocorre o estresse oxidativo, estado pré-oxidante caracterizado pelo
desequilibrio entre ERO e antioxidantes. Esta situacdo pode ser ocasionada por
aumento da producdo de ERO, proveniente dos estimulos exdgenos ou enddgenos,
podendo estar associado a distirbios da defesa antioxidante. Sendo assim, no
estresse oxidativo, as ERO passam a atuar de maneira inespecifica e descontrolada,
ocasionando lesdes oxidativas em células e tecidos (KOHEN & GATI, 2000; JONES,
2006; SENA & CHANDEL, 2012; HOLMSTROM & FINKEL, 2014).

As ERO podem reagir prontamente com o0s sistemas bioldgicos,
como componentes protéicos — estruturais e enzimaticos — lipideos de membrana
celular e de organelas e DNA. O dano oxidativo compromete a estrutura e funcéo
das biomoléculas, podendo acarretar em disfuncéo das vias de sinalizacdo, inducao
da resposta inflamatéria e morte celular. (HALLIWELL & GUTTERIDGE, 2007;
FERREIRA & MASTUBARA, 2001).

As membranas celulares e de organelas sdo altamente susceptiveis
a acdo das espécies reativas, que interagem com as ligacbes covalentes da
estrutura lipidica, desencadeando um processo em cadeia denominado
lipoperoxidacdo. Esta reacao leva a producéo de lipoperoxidos e aldeidos, como o 4-
hidroxinonenal (4-HNE) e o produto final desta reacdo em cadeia, 0 malondialdeido
(MDA) (FERREIRA & MASTUBARA; DICKINSON & FORMAN, 2002). O dano
oxidativo as proteinas € refletido pela modificacdo das cadeias polipeptidicas,
formando derivados de carbonila que podem se acumular no tecido. Em nivel de
DNA, ocorre a producédo de 8-hidroxideoxiguanosina (8-OH-dG), que esta associado
a fase de iniciacdo do tumor (CHEN, HU & YANG, 2012).

1.2.2 Radiagao Ultravioleta
A radiacdo solar corresponde a um espectro de radiacdo

eletromagnética, dividido basicamente em radiacdo UV (200 a 400nm), visivel (400 a

700nm) e infravermelho (700 a 900nm). Ainda, a radiacdo UV é subdividida nas
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faixas UVA (320-400 nm), UVB (290-320 nm) e UVC (100-290 nm). Cada regido
deste espectro interage com a pele dependente das propriedades quimicas e fisicas
das moléculas que absorvem a radiacdo (ORAZIO, et al 2013).

Classicamente, o dano ao DNA induzido pela radiagdo UV é
classificado por dois principais mecanismos, dependente do comprimento de onda
(KIELBASSA, ROZA & EPE, 1997):

a) Mecanismos diretos por excitacao direta do DNA induzido
pela UVB;

b) Mecanismos indiretos que envolvem a excitacao
fotosensensibilizadores endogenos, induzido pela UVA (KIELBASSA, ROZA &
EPE, 1997).

O espectro da UVB € absorvido principalmente por bases
nitrogenadas pirimidinas, as timinas e citosinas, porém também é absorvido pelas
duplas ligacdes conjugadas de acidos organicos nas proteinas. Desta forma, a UVB
€ capaz de reagir diretamente com o DNA, formando adutos, denominados
ciclobutanos de pirimidina e 6,4-pirimidina-pirimidona, que contribuem
significativamente pelos efeitos citotoxicos, mutagénicos e cancerigenos da radiacéo
UV de onda curta (UVC, UVB) (KIELBASSA, ROZA & EPE, 1997).

Mecanismos indiretos levam aos efeitos genotéxicos no DNA em
funcdo do comprimento de onda da UVA e luz visivel, nos quais o DNA absorve
apenas um pouco ou ndo. Ocorre fotosensibilizacdo de compostos enddégenos
celulares, nos quais transformam energia luminosa em reatividade quimica com
producdo de Espécies Reativas de Oxigénio (ERO) e Nitrogénio (ERN). Este
espectro induz modificagées oxidativas no DNA tais como a formacéo de 8-OH-dG
(KIELBASSA, ROZA & EPE, 1997).

Entretanto, estudos indicam que ambos os espectros UVA e UVB
levam ao dano oxidativo (MASAKI, et al., 1995; HATTORI, et al., 1996;
DELICONSTANTINOS et al.,, 1996; HECK, et al., 2003; SANDER, et al., 2003;
PERES, et al., 2011; TERRA, et al., 2012a, TERRA, et al., 2012b; WILLIAMS, et al.,
2014; AMBOTHI, et al., 2015).

Heck e colaboradores (2003) demonstraram in vitro que o estimulo
com UVB é capaz de induzir a liberacdo de espécies reativas em queratindcitos
humanos e camundongos de maneira dose dependente. A inibicdo de glutationa
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utilizando BSO nestas células intensificou a producdo de ERO, ocasionando maior
susceptibilidade ao dano oxidativo. Ao investigar o0 mecanismo pelo qual ocorre a
fotosensibilizacao induzida por UVB e geracéo destas espécies, foi constatado que a
molécula fotosensibilizadora correspondia a CAT. Os autores sugerem que o papel
de catalase pode ser dependente do status redox dos queratinécitos, podendo atuar
como antioxidante ou promover 0 estresse oxidativo e citotoxicidade. Estes
resultados evidenciam o dano foto oxidativo induzido por UVB, o papel da glutationa
no combate estresse foto oxidativo, bem como o carater fotosensibilizador da
catalase, além de sua propriedade antioxidante (HECK, et al., 2003).

Além da producdo de ERO, foi demonstrado que a UVA e UVB
destroem a defesa antioxidante epidérmica, constituida pelas enzimas SOD, CAT e
GPx, bem como GSH, a-tocoferol, acido ascorbico e carotendides aumentando a
susceptibilidade da pele as acdes deletérias do estresse oxidativo (PODDA, et al.,
1998; HALLIDAY, 2005).

Podda e colaboradores (1998) estudaram os efeitos da UVA e UVB
sob parametros de estresse oxidativo em um modelo in vitro equivalente a pele
humana. Baixas doses de UV foram suficientes para diminuir os niveis de
antioxidantes lipofilicos (alfa tocoferol e ubiquinol/ubiquinona). A diminuicdo dos
niveis de alfa tocoferol ocorreu de maneira dose dependente. Os antioxidantes
hidrofilicos (urato e acido ascérbico) sofreram diminuicdo com a irradiacdo, porém
em doses maiores. O aumento dos marcadores de estresse oxidativo e proteinas
carboniladas ocorreram em resposta as maiores. Estes resultados evidenciam a
capacidade da radiagédo UV em alterar o status redox celular.

Existem mecanismos de reparo ao dano oxidativo (protedlise, turn
over de membrana e lisossomos e DNA polimerase), porém os produtos finais
destes eventos sdo mutagénicos e quando gerados em excesso acumulam-se no
tecido (BECKMAN & AMS, 1998). Em longo prazo, o acumulo do dano oxidativo nas
células e matriz extracelular pode desencadear a formacao de lesdes pré-malignas e
o desenvolvimento do CEC, uma vez que os produtos oxidativos estdo associados a
carcinogénese (ALAM & RATNER, 2001; SANDER, et al., 2003; CHEN, HU &
YANG, 2012).

De fato, estudos comprovam a presenca de produtos oxidativos em
amostras de CEC humano, assim como em amostras de pele fotoenvelhecidas
(PERES et al., 2011; SANDER, et al., 2002; SANDER, et al., 2003). Entretanto, nao
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existe uma padronizacdo de marcadores decorrentes do dano oxidativo na pele, que
poderiam ser empregadas como biomarcadores de diagndsticos ou prognostico de
CEC (MAMALIS, et al., 2014).

Sander e colaboradores (2002), ao estudar fotoenvelhecimento em
amostras de pele humana, evidenciaram por imunohistoquimica a diminuicdo da
expressao das enzimas antioxidantes CAT e SOD, bem como aumento da oxidacéo
de proteinas, indicando uma deficiéncia da defesa antioxidante por acédo foto-
oxidativa devido a exposicao crbnica a UV. Em um segundo trabalho, Sander e
colaboradores (2003) demonstraram por imunohistoquimica que amostras de CEC
humano apresenta altos niveis de MDA em comparacdo com a pele adjacente
normal e controle de pele jovem.

Williams e colaboradores (2014) detectaram por microarray um
aumento significativo de epitopos derivados de MDA em amostras de CEC humano,
evidenciando a relacdo do estresse oxidativo no CPNM. Mamalis e colaboradores
(2014) a fim de padronizar biomarcadores oxidativos na pele evidenciaram por
imunohistoquimica o aumento da presenca de 8-OH-dG e 4-HNE na epiderme de
amostras que sofreram exposicao crénica a UVB, em comparacdo a amostra de pele
protegidas da UVB.

Em relacdo aos eventos sistémicos decorrentes da exposicédo a UV,
os dados na literatura sdo extremamente escassos, embora haja indicios da relacao
do estresse oxidativo e CPNM em nivel sistémico. Vural, Canbaz & Selcuki (1999)
evidenciaram que pacientes com CBC e QA apresentam uma diminui¢do da defesa
antioxidante sistémica, representada por diminuicdo da glutationa intraeritrocitaria,
tiol total, ascorbato, a-tocoferol e ceruloplasmina, sugerindo que no CEC ocorre
diminuicdo da defesa antioxidante também a nivel sistémico. Freitas e colaboradores
(2015) observaram uma diminuicdo da capacidade antioxidante total sistémica de
pacientes com CEC e CBC.

Considerando o papel das ERO e o estresse foto oxidativo na
iniciacdo do CPNM, estudos evidenciam a importancia da prevencao desta neoplasia
e sugerem acdo protetora a compostos com capacidade antioxidante, a
quimioprevencdo € caracterizada pela capacidade prevenir, suprimir ou reverter o
processo de carcinogénese (SPORN, 1976; GENSLER, et al., 1999; ATHAR &
KOPELOVICH, 2011; YIN, et al., 2013; AMBOTHI, PRASAD & BALLUPILAI, 2015;
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CHEN, HU & YANG, 2012; KATTA & BROWN, 2015; REDDI, POWERS &
DELLAVALE, 2014).

Apesar de tais estudos demonstrarem a acdo preventiva de
determinados compostos no cancer de pele, predominando aqueles de aplicacao
topica, a incidéncia do CPNM prevalece alta e crescente. No entanto, 0s mesmos
comprovam a hipGtese das espécies reativas na carcinogénese de pele e a
importancia do sistema antioxidante na manutencdo da homeostasia cutanea, porém
0o emprego dos compostos utilizados como objeto de estudo limita-se a fase

experimental.

1.2 METFORMINA

A metformina (1,1-dimetilbiguanida) é um anti-hiperglicemiante oral,
pertence a classe das biguanidas e corresponde ao medicamento de primeira
escolha para o tratamento de diabetes mellitus tipo 2, havendo aproximadamente
120 milhdes de pacientes sob tratamento com este farmaco por todo o mundo.
Trata-se de um medicamento bem tolerado e néo leva a hipoglicemia (VIOLLET, et
al., 2012; CEREZO, et al., 2015).

Estudos retrospectivos indicam que pacientes diabéticos sob uso de
metformina apresentam menor incidéncia em diversos tipos de cancer, quando
comparados aos pacientes diabéticos tratados com outro farmaco (EVANS, et al.,
2005; DECENSI, et al., 2010). A partir destas evidéncias, a metformina tornou-se
alvo de diversos estudos clinicos e experimentais que tém por objetivo evidenciar
seu potencial antineoplasico, bem como elucidar os mecanismos pelos quais este
medicamento atua interferindo no desenvolvimento das células tumorais, que por
sua vez ainda nao foram totalmente esclarecidos (WHEATON, et al., 2014; REDDI,
POWERS & DELLAVALLE, 2014).

Apesar de ter sido evidenciado que pacientes diabéticos do tipo 2
apresentam o dobro da prevaléncia de melanoma e CPNM (Li, et al., 2013), ndo ha
dados epidemiolégicos que relacionam o uso de metformina e cancer de pele.
Porém, estudos in vitro e in vivo tém demonstrado a ag¢do antineoplasica da
metformina em modelos de melanoma (TOMIC, et al. 2011; CEREZO, et al., 2013) e
CPNM (CHAUDARY, et al.,, 2012; WU, et al.,, 2013; CHECKLEY, et al.,, 2015),

sugerindo agao preventiva da metformina no cancer de pele.
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1.2.1 Mecanismo de Ac¢ao da Metformina

Estudos descrevem que a metformina entra nos hepatdcitos através
do transportador de céations organicos 1 (OCT1) e atua especificamente no complexo
| da cadeia mitocondrial transportadora de elétrons, inibindo-a em até 40% (SHU, et
al., 2007; EL-MIR, et al., 2000; OWEN, DORAN & HALESTRAP, 2000; BATANDIER,
et al., 2006; VIOLLET, et al., 2012; WHEATON, et al., 2014).

A mitocbndria € responsavel pela geracdo de ATP através da
reducao tetravalente do O, molecular a H,O. Conforme ocorre a transferéncia de
elétrons, estes podem “escapar” e se ligarem ao O,, gerando ERO (BRAND, 2010).
Em suma, este processo consiste na transferéncia de protons e elétrons das
moléculas de NADH e FADH2 para o O, por meio da cadeia mitocondrial
transportadora de elétrons, que por sua vez € constituida por complexos proté€icos
ligados fortemente a grupos prostéticos, designados centros redox, no qual ocorrem
as reacOes de oxirreducdo. A cadeia é formada por quatro complexos: complexo |
(NADH-coenzima Q oxidorredutase), complexo Il (succinato-coenzima Q
oxidoredutase), complexo Ill (coenzima Q-citocromo ¢ oxidoredutase), complexo IV

(citocromo c oxidase) (LEHNINGER, 2014), conforme ilustrado na figura 6.
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Figura 6 — Producao de anion superoxido nos complexos | e lll. A cadeia respiratoria
mitocondrial corresponde a uma das fontes enddégenas de espécies reativas de
oxigénio (ERO), no qual ocorre producdo de anion superéxido nos complexos | e Il
(HOLMSTROM & FINKEL, 2014).
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Apesar de este processo ser conhecido ha mais de 50 anos, a
quantidade de ERO que € gerada e a funcdo exata desta producdo ndo sao
totalmente esclarecidas. Porém, sabe-se que a producao de O2-+ ocorre em maiores
quantidades no complexo | e no complexo Il da matriz mitocondrial, sendo
rapidamente degradado em H202 pela SOD. Em seguida, ocorre a degradacédo do
H202 pela catalase em H20 e O2 (BRAND, 2010; WHEATOM, et al., 2014).

Em relacdo a regulacdo deste processo, sugere-se que um aumento
da forgca proton-motriz do potencial de membrana mitocondrial atrase o fluxo de
elétrons ao longo da cadeia, aumentando assim a probabilidade de elétrons livres
interagirem com o O2, aumentando a geracao de O2-+. Por outro lado, a diminui¢ao
da forga préton-motriz levaria a diminuicdo da producdo de ERO (HOLMSTROM &
FINKEL, 2014).

Sendo assim, a inibicdo parcial do complexo | da cadeia pela
metformina leva a diminuicdo dos niveis de ATP e aumento dos niveis de
monofosfato de adenosina (AMP). O desequilibrio da relacdo ATP/AMP é um gatilho
para ativacdo da proteina quinase ativada por AMP (AMPK), proteina conservada
filogeneticamente que possui um papel crucial no status energético celular, ativada
em condi¢des de restricdo de energia. Logo, a acdo da metformina no complexo |
levaria a um efeito pleiotropico, devido a ativacdo indireta da AMPK. Uma vez
fosforilada, a AMPK causa um shift celular, de um estado anabodlico para um
catabdlico, inibindo vias sintéticas que requerem ATP e estimulando vias que geram
ATP, a fim de restaurar os niveis de ATP celular (HARDIE, HAWLEY & SCOTT,
2006; VIOLLET, et al., 2012; POLLAK, 2012).

Portanto, os principais mecanismos anti hiperglicemiantes da
metformina envolvendo a ativacdo da AMPK e que estdo relacionados ao seu
potencial antineoplasico correspondem a (HARDIE, HAWLEY & SCOTT, 2006;
HARDIE, 2006; HARDIE, HAWLEY & SCOTT, 2006, POLLAK, 2012):

a) Aumento da captacado de glicose, estimulando a translocacao do
receptor transportador de glicose 4 (GLUT4) para a superficie da membrana, nos
tecidos adiposo, cardiaco e estriado esquelético;

b) Inibicdo da gliconeogénese, através da inibicdo do complexo 2
da mTOR (mMTORC?2), impedindo, dessa forma, a expressao de genes envolvidos na

gliconeogénese hepética, com consequente diminuicdo da hiperinsulinemia;
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c) Inibicdo da sintese protéica e proliferacdo celular, através da
inibicdo da mTORCL.

Portanto, é proposto que, ao nivel sistémico, a metformina impede
ou diminui a taxa de desenvolvimento das células tumorais por diminuir os niveis de
glicose circulante, considerado substrato para as células neoplasicas, bem como por
diminuicdo da hiperinsulinemia, uma vez que a insulina é mitdgeno para certos tipos
de tumores. Ao nivel celular, este evento ocorre pela falta de capacidade das células
em se adequarem a situacao de estresse energético, como ocorre em células
tumorais com perda de funcdo de p53, e/ou inibicdo da mTOR. Ainda, os efeitos
antineoplasicos da metformina estao relacionados diretamente com a adequacéo da
dose no tecido alvo (POLLAK, 2012; WHEATON, et al., 2014 ).

O envolvimento do estresse oxidativo no mecanismo da metformina
ainda é pouco conhecido, devido a complexidade bioquimica da sinalizac&o redox,
bem como a geracdo de ERO a partir da mitocondria. Batandier e colaboradores
(2006) demonstraram que, no figado, a metformina prejudica a geracdo de ERO
ocasionada pelo fluxo reverso de elétrons induzido na mitocondria e que isto ocorre
sem afetar o potencial de membrana e consumo de O2. Kane e colaboradores
(2010) verificaram que, no musculo estriado esquelético, a metformina diminui a
emissao de H202 no complexo |.

Wheaton e colaboradores (2014), ao verificarem a inibicdo reversivel
do complexo | pela metformina, demonstraram que a mesma nao eleva os niveis de
ERO no complexo |, sugerindo que também ocorre inibicdo da geracdo de ERO no
complexo lll, devido ao impedimento do fluxo de elétrons.

Entretanto, Marinello e colaboradores (2015) verificaram que, in
vitro, células de cancer de mama tratadas com metformina apresentam aumento dos
niveis de malondialdeido, sugerindo particularidades na resposta de células tumorais

tratadas com metformina no que diz respeito aos parametros de estresse oxidativo.
1.2.2 Metformina e Carcinoma Espinocelular
O envolvimento do estresse oxidativo no mecanismo de acdo da

metformina no CEC foi pouco abordado. Man'cheva e colaboradores (2011)

demonstraram que o tratamento com metformina diminui a multiplicidade dos
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tumores de pele induzido por benzopireno, acompanhado da diminuicdo de MDA na
pele e no plasma.

Existem trabalhos que sugerem o potencial preventivo da
metformina no CEC, abordando outros parametros. Chaudary e colaboradores
(2012) estudaram o potencial antitumoral da metformina em um modelo de
aloenxerto de CEC, utilizando células da linhagem A431 em camundongos nude.
Neste modelo, a metformina foi capaz de diminuir o tamanho do tumor,
acompanhado da diminuicdo da ativacdo de vias de sinalizacdo relacionadas ao
crescimento e proliferacao celular, como NFkB, MAP kinases (ERK e p38) e também
MTORCL1. Ainda, foi observado diminuicdo de marcadores de proliferacdo celular
como o antigeno nuclear de proliferacéo celular (PCNA) e ciclinas D1/B1 e aumento
da apoptose, por aumento da proteina pré apoptética Bax.

Wu e colaboradores (2013) observaram o efeito quimiopreventivo da
metformina um modelo de exposicao crénica a UVB através da ativacdo da AMPK e
inibicdo do desenvolvimento do tumor, associado a menor expressao do marcador
de proliferacao celular Ki67.

Checkley e colaboradores (2014) observaram a acdo antineoplasica
da metformina em um modelo de CEC induzido por TPA (12-O-tetradecanoilforbol-
13-acetato) na pele de camundongo FVB/N. A metformina preveniu o
desenvolvimento do CEC e diminui o tamanho de papilomas e carcinomas. Além
disso, foi verificado que a metformina ativou a AMPK e atenuou a sinalizacdo da
MTORC1.

Lin e colaboradores (2013) verificaram que o tratamento com
dasatinib em um modelo de aloenxerto de CEC tem maior eficacia quando
administrado em conjunto com metformina, evidenciando o potencial antineoplasico
da metformina como adjuvante de quimioterapia de CEC.

Contudo, ndo ha dados em relacdo ao efeito da metformina sob o
status redox em um modelo de CEC induzido por UVB. Considerando, a relacdo
estabelecida entre o estresse oxidativo e 0 CPNM, bem como o potencial preventivo
da metformina no CEC, é relevante estudar os mecanismos pelos quais a
metformina atua na regulacéo do estresse oxidativo no CEC. Além disso, a escassez
de trabalhos em relacdo aos marcadores sistémicos no CPNM é alarmante, dada

sua alta prevaléncia e impacto social.
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O objetivo geral do presente trabalho consiste em avaliar o potencial

preventivo da metformina sob um modelo de desenvolvimento de CEC de pele

experimental induzido por UVB e verificar o comportamento dos parametros de

estresse oxidativo, a nivel local (pele) e sistémico (sangue).

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Primeiro Artigo

a)

b)

f)

2.2.2 Segundo Artigo

a)

b)

Verificar a presenca de produtos oxidativos no tecido tumoral,
como 4-HNE e 3-NT;

Caracterizar o perfil oxidativo cutaneo no tecido adjacente ao
tumor em camundongos que desenvolveram CEC induzido
por UVB;

Caracterizar o perfil oxidativo sistémico em camundongos que
desenvolveram CEC induzido por UVB;

Investigar mecanismos pelos quais o estado redox pode atuar
na fisiopatologia do CEC,;

Investigar a relagdo entre o estado redox cutaneo e o estado
redox sistémico em camundongos que desenvolveram CEC
induzido por UVB;

Investigar biomarcadores cutaneos e sistémicos de EO em

camundongos com CEC induzido por UVB;

Avaliar o efeito da metformina sobre o desenvolvimento de
lesbes cutaneas neoplasicas (QA e CEC) na pele de
camundongos hairless HRS/J irradiados cronicamente com
UVB;

Relacionar a acdo da metformina com estado redox da pele e
das lesBes cutaneas em camundongos com CEC induzido por
UVB,;



30

c) Relacionar a acado da metformina com estado redox sistémico
em camundongos com CEC induzido por UVB;

d) Verificar o efeito da metformina sob a presenca de produtos
oxidativos no tecido tumoral, bem como sob a proteina p53.
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3 HIPOTESE

3.1 HIPOTESE 1

Camundongos hairless HRS/J irradiados cronicamente com radiacao
UVB (dose cumulativa = 17,1 J/cm?) desenvolvem carcinoma espinocelular de pele

(CEC) em funcgé&o do desbalanco redox epidérmico induzido por UVB.

3.2 HIPOTESE 2
Camundongos hairless HRS/J com carcinoma espinocelular de pele

induzido por UVB apresentam desbalaco redox a nivel sistémico.

3.3 HIPOTESE 3

O tratamento sistémico com metformina (dose = 90 mg/kg) previne e
reduz a progressao do carcinoma espinocelular de pele induzido por UVB na pele de
camundongos hairless HRS/J, através da alteracdo dos marcadores de estresse

oxidativo.
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4 ARTIGO CIENTIFICO

O presente trabalho originou dois artigos cientificos que serdo
submetidos a revista Photochemistry & Photobiology B: Biology
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Abstract

Non-melanoma skin cancers (NMSC) correspond to malignant tumors arising from
epidermis and are extremely incident worldwide and it is divided in two main types:
basal cell carcinoma (BCC) and squamous skin cell carcinoma (SCC). Incidence of
SCC and its precursor lesions increase proportionally to cumulative solar exposure
and it is intimately related to photo oxidative stress. UV exposure generates reactive
species through photosensibilization and impairment of antioxidante defence. Long-
term effect, these deleterious oxidation reactions lead to oxidative modifications in
biomolecules and may trigger SCC. However, there is a lack of data about systemic
redox status in SCC. Considering oxidative stress plays a crucial role in initiation of
skin cancer, how does systemic redox status behave towards local tumor
development? Here we provide for the first time a systemic redox profile in a UVB-
induced SCC animal model. Through a detailed histopathological analyze, we verified
the deveopment of actinic keratosis and SCC in animals chronic exposed to UVB
Irradiation (cumulative dose = 17.1 J/cm?). After that, SCC-containing tissue was
submitted to 4-HNE and 3-NT immunostaining which showed elevated presence of
these oxidative products. This was accompanied by a depletion of skin antioxidant
defence represented by catalase activity, GSH and TRAP levels. GSH was oxidized
reflecting in high GSSG levels and elevated oxidative stress index. Although
oxidative parameters carbonyl proteins and AOPP did not show significative
alterations, high levels of MDA was deteced by TBARS was observed. In
bloodstream, these animals also presented oxidative stress indicated by lower
GSH:GSSG ratio and diminished plasma TRAP. Plasma AOPP levels were elevated,
suggesting that UVB-induced cutaneous lesions triggers an inflammatory response at
a systemic level. A maintanence of erythrocyte catalase activity and plasma total thiol
was observed, acompannied by lower levels of plasma MDA, evidencating a
modulation of systemic status redox. Taking together, our results indicate that a pro-

oxidative feature developed by a site injury may reflect systemically.

Keywords: Non melanoma skin cancer; Squamous skin cell carcinoma; Photo

oxidative stress; UVB; Systemic redox status
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Introduction

Non-melanoma skin cancers (NMSC) correspond to malignant tumors
arising from epidermis and are extremely incident worldwide. It is divided in two main
types: basal cell carcinoma (BCC) and squamous skin cell carcinoma (SCC)
(KOYUNCER, 2014). SCC is strongly associated with cumulative solar exposure and
skin photo oxidative damage (SANDER, et al 2012a; WILLIAMS, et al 2014). The
same is applied to actinic keratosis (AK) — a cutaneous lesion which heralds an
increased risk for SCC arising (DOODS, CHIA & SCHUMAK, 2014). Although it has
low rates of mortality, the patient suffers from serious psychological consequences
depending on the magnitude of the tumor, prior to and after surgical removal, which
may lead to disfiguring lesion in both situations (BATH-HEXTALL, et al., 2013). SCC
has a high index of recurrence, represented by 30% to 50% increased risk of another
primary SCC within 5 years after treatment of the first SCC (SCHMULTS, et al.,
2012; BROUGHAM, et al., 2012; KAUVAR et al., 2015). In advanced and metastatic
cases, treatment options becomes a challange once SCC affects elderly population,
in which adverse effects may be lethal (PALYCA, KOSHENKOV & MEHNERT, 2014;
SEBER, et al 2016).

It has been shown in vitro and in vivo that both UVA and UVB spectra lead
to ROS production, impaired antioxidant defence and thus oxidative damage
(MASAKI, et al., 1995; HATTORI, et al., 1996; DELICONSTANTINOS et al., 1996;
HECK, et al., 2003; SANDER, et al., 2003; PERES, et al., 2011; TERRA, et al.,
2012a, TERRA, et al., 2012b; WILLIAMS, et al., 2014; AMBOTHI, et al., 2015). Photo
oxidative stress leads to post-translational oxidative modifications in biomolecules
(eg. lipid peroxidation, protein carbonylation, DNA oxidative lesions) (SANDER, et al.,
2004; VALKO, et al., 2007) and impairment of physiological redox signaling (eg. H.O
signaling) (SZATROSWKI & NATHAN, 1991; SEN & PARKER, 1996; HOLMSTROM
& FINKEL, 2014; LENNICKE, et al., 2015). Accumulation of oxidized products and
redox imbalance triggers SCC and it persists in tumor site and adjacent skin during
active disease (SANDER et al., 2002; WILLIAMS, et al 2014).

However, blood oxidative profile in SCC remains to be determined.
Observations that patients with AK and basal cell carcinoma (BCC) have systemic
oxidative stress (VURAL, et al., 1999; CHAISIRIWONG et al., 2016) served as the
basis for our hypothesis because it suggests that a systemic redox imbalance may

also occur in SCC. Therefore, we sought to determine how does systemic redox
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status behave towards local tumor development in UVB-induced SCC in hairless

mice experimental model.

Materials and Methods

Reagents
All the chemicals were obtained from Merck or Sigma Aldrich Laboratories.

Animals

Female 20-week-old hairless mice HRS/J were obtained from University of Sao
Paulo (USP), weighing 20 —25 g, with access to water and food ad libitum. They were
treated in accordance with the National Institutional of Health guidelines for the
welfare of experimental animals and with the approval of the Research Ethics
Committee (n° 6738.2015.40) of the State University of Londrina, Parana State,

Brazil.

Groups

To study the oxidative profile in UVB-induced SCC, animals were first divided into a
control non-irradiated group (n=8) and an irradiated group (n=15). After the
experimental period, animals that developed SCC were named SCC group (n=7) and
samples from those and control group were selected to perform
immunohistochemistry analysis and redox status of blood and skin. Samples from
animals of irradiated group that did not developed SCC were used to skin redox

status evaluation and correlation analyze.

UVB irradiation protocol

To simulate a chronic exposure to solar radiation and induce SCC, animals from
irradiated group were exposed to 0.228 J/cm? of UV during 16 minutes, five days a
week, for 15 weeks (cumulative dose = 17.1 J/cm?) (CHAQUOR, et al., 1995).
Irradiation dose was determined using the formula: Irradiance (I) = Dose (D) / Time
(T), considering average lamp irradiance = 2.3718.10-4 W/cm?®. The light source was
a light source a PHILIPSTL/12 40W UVB fluorescent lamp, which emits irradiation
from 270 to 400 nm with maximum peak around 313 nm. The lamp was embedded in

a 1.30 m x 0.43 m x 0.45 m box, where the animals were placed in cages. UVB
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output was measured using a Research Radiometer model 1L-1700 (International
Light, USA; calibrated by IL service staff) with a radiometer sensor for UV (SED0O05)
and UVB (SED240), which detected that UVB was 73% of the total UV irradiation in
the present experimental conditions. The caged mice were placed 15 cm beneath the
lamp and contained screens, which allowed the free movement of mice, but ensured

that the beam irradiation was directed to their back.

Sample collection

24 hours after the end of experimental period, heparinized blood was collected by
cardiac puncture and centrifuged at 1100 G to obtain plasma and erythrocytes.
Plasma were stored at -20°C and erythrocytes were washed three times with NacCl
0,09% and maintaned at 8°C in Alsever’s solution for systemic oxidative stress
analysis. Animals were sacrificed and one square centimeter of each dorsal skin
cutaneous lesion was removed from irradiated animal for subsequent
histopathological and immunohistochemistry analysis. Lesion-free dorsal skin
samples (Figure 1) were removed and stored at -80°C for local oxidative stress

analysis. The same procedure was performed with control group.

Histological analysis

Oxidative stress analysis

Figure 1. Representative image of samples collection and processing. Animals
were exposed to 0,228 J/cm? of UVB for 16 minutes, five days a week, for 15 weeks
(cumulative dose = 17.1 J/cm?). Blood was collected and animals were sacrified. One
square centimeter of each dorsal skin cutaneous lesion was removed from irradiated
animal with two milimiters of adjacency for subsequent histopathological and
immunohistochemistry analysis. Lesion-free dorsal skin samples were removed and
stored at -80°C for local oxidative stress analysis. The same procedure was
performed with control group.

Histopathological analysis
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For SCC assessment, we performed a histopathological analysis of UVB-induced
skin lesions. Cutaneous lesions of each irradiated animal was fixed in formalin in
10% neutral buffered-formalin, stored in 70% ethanol and embedded in paraffin prior
to sectioning. Sections of 5 um were cut and stained with Hematoxilin & Eosin (H&E).
Histopathological evaluation system of each slide was based on the diagnosis of AK
and SCC (MCGUIRE, 2009; KOYUNCER, 2014; KRAFT & GRANTER, 2014;
DODDS, CHIA & SCHUMAK 2014).

Immunohistochemistry analysis

Formalin-fixed and paraffin-embedded tissue sections were cut to a thickness of 5
pm and stained with hematoxylin and eosin for histological examination. Further skin
preparations were also submitted for immunohistochemical analysis. Briefly, 4-um-
thick sections mounted on poly-l-lysine-coated slides were deparaffinized,
rehydrated, immersed in 10 mmolL citrate buffer (pH 6.0) and subjected to heat-
induced epitope retrieval using a vapor lock for 45 min. Slides were rinsed with
phosphate-buffered saline (PBS) and immersed in 3% hydrogen peroxide for 20 min
to block endogenous peroxidases. Non-specific protein binding was blocked with
normal serum (Vectastain Elite ABC Kit, Universal, Vector Laboratories Inc.,
Burlingame, CA, USA) for 30 min. Sections were then incubated with a monoclonal
primary antibody specific for monoclonal anti-4-hydroxinonenal (4-HNE) adduct
antibody (A.G. Scientific Inc., CA, USA, diluted 1:100) and 3-Nitrotyrosine (3-NT)
(Santa Cruz Biotechnology, CA, USA, diluted 1:100) for 2h at room temperature
(25°C) in a humid chamber. Following washes in PBS, a biotinylated pan-specific
universal secondary antibody (Vectastain Elite ABC Kit, Universal) was applied for 30
min. Next, slides were incubated with avidin-biotin-peroxidase complex (Vectastain
Elite ABC Kit, Universal) for 30 min and developed using NovaRed kit (Vector
Laboratories Inc.) for 5 min. Slides were counterstained with Harris’s hematoxylin,
dehydrated and mounted with Permount (Biomeda Co., Foster City, CA, USA). For
negative controls, all specimens were incubated with an isotope-matched control
antibody under identical conditions. Analysis was performed on 5 randomly chosen
High Power Field (HPF) (x400 magnification). Immunoreactivity to 4-HNE and 3-NT
was evaluated as the percentage of positive labeling/HPF using Image J software
(Image J, 1.33u, NIH, USA).
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Sample preparation

Tissue homogenate

Irradiated dorsal lesion-free skin from mice were defrosted and homogenized using
Ultra Turrax homogenizer containing 10 mg/mL, 20 mg/mL, 30 mg/mL, or 50 mg/mL
of tissue in buffer and centrifuged. The 50 mg/mL supernatant was used for carbonyl
protein, catalase activity and glutathione assays, while the 30 mg/mL supernatant
was used for the thiobarbituric acid reactive substances (TBARS) assay, 20 mg/mL
to determine the total radical-trapping antioxidant parameter (TRAP) and 10 mg/mL
to advanced oxidation protein products (AOPP) levels.

Erythrocyte and plasma dilution

Erythrocytes were maintened at 8° in Alsever’s solution and assays were performed
less than two weeks to ensure viability of compounds. Before use, erythrocytes were
washed again and diluted in deionized water. For GSH quantification and catalase
activity a dilution ratio 1:100 and 1:80 was used, respectively. Plasma samples were
defrosted and dilutions were prepared as follows: TRAP (1:90), AOPP (1:5), total thiol
(1:10), malondialdehyde (MDA) (1:2).

Oxidative Stress Assays

Carbonyl protein content

Carbonyl protein in supernatant skin homogenate was determined according to the
method of Reznick and Parker (1994), modified by Bernardes, et al. (2014). The
concentration of carbonyls was calculated by the equation: C = Abs (355-390 nm) x
45.45 nmol/mL, where C is the concentration of DNPH/mL, and 45.45 is its

absorption coeficient.

Thiobarbituric Acid-Reactive Substances Assay

TBARS levels in supernatant skin homogenate was determined as described by
Oliveira and Cecchini (2000). MDA formed during lipid peroxidation reacts in the
TBARS assay to generate a colored product (TBA)2-MDA adduct. The organic phase
was read at 535 and 572 nm in a spectrophotometer (Shimadzu UV-1650PC) and
concentrations were obtained from the difference between these absorbances
considering the molar extinction coefficient of MDA at 535 nm. The results are

expressed in nM/mg protein.



40

Plasma Malondialdehyde

Plasma MDA was measured by high-performance liquid chromatography (HPLC), as
described by Victorino et al. (2012). Readings were obtained at 535 nm over 11 min
at a flow rate of 0.8 mL/min at 35°C. The results were expressed as nM/mg protein of
MDA.

Advanced protein oxidation products

Advanced protein oxidation products (AOPP) in supernatant skin homogenate or
plasma were measured as described by Descamps-Latscha, et al. (2004). AOPP
levels in plasma were calculated using a chloramine-T calibration curve. The results

were expressed in uM/ug protein.

Glutathione Levels

GSH and total glutathione (GT) levels in supernatant skin homogenate or erythrocyte
were determined according to the method described by Tietze (1969) adapted by
Locatelli et al. (2009) and measured using a Multiskan GO® microplate reader. By
quantifying GT and GSH levels it is possible to calculate GSSG and oxidative stress
index (OSI), taking into account the stoichiometry of the reaction, when two GSH are
required to form a GSSG. Therefore, GSSG and OSI levels were determined,
respectively, by the equations: GSSG = (GT — GSH/2); OSI (%) = (GSSG/GSH) x

100. The results were expressed in uM/mg protein.

Catalase Activity

Catalase activity in supernatant skin homogenate or erythrocyte was determined
according to Aebi (1984). The decrease absorbance of a hydrogen peroxide (H.05)
was monitored with a UV-1650 PC® UV-visible spectrophotometer (Shimadzu) at
240 nm. The results were expressed in absorbance/minute/mg protein. The
decomposition of H,O, is directly related to the decrease in absorbance and reflects

catalase activity.

Total Thiol
Plasma total thiols were measured by the method of Hu (1994) at 412 nm in a

microplate reader. Total thiol groups were calculated using a calibration curve
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prepared with GSH (Sigma Aldrich®, Saint Louis, MO, USA). The results were

expressed as UM of thiol.

Total Radical-trapping Antioxidant Parameter

TRAP levels in supernatant skin homogenate or plasma were measured as described
by Reppeto et al. (1996) modified by de Souza Neto et al (2017).
Chemiluminescence curves were obtained in a GloMax® luminometer. The results

were expressed as UM trolox.

Total protein concentration

Total protein concentration in supernatant skin homogenate or plasma was
determined by the method of Lowry et al. (1951) modified by Miller (1959). Both
methods used bovine serum albumin (BSA) as standard.

Statistical Analysis

The obtained values are presented as Mean = Stardand Erros of Mean (SEM).
Differences in statistical significance were analyzed by using Student’s unpaired T
test. Correlation test was performed using Spearman’s correlation. Differences were
considered statistically significant when p<0.05. All the statistical analyses were
performed using Graphpad Prism®, version 6.0 (GraphPad Software, La Jolla, CA,
USA).

Results

Histological analysis: H&E staining and immunohistochemistry

Figure 2 shows the histopathological analysis by H&E staining to verify SCC
development in mice submitted to chronic UVB exposure. Skin from control group is
represented in Figure 2A. From 15 animals exposed to chronic UVB irradiation in the
conditions described above, 8 animals developed AK (Figure 2B) and 7 animals SCC
(Figure 2C).
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Figure 2. Histopathological evaluation of actinic keratosis and squamous skin
cell carcinoma. Histopathological score evaluation system of each slide was based
on the diagnosis of AK and SCC. (A) Control, shows epidermis (triangle) composed
of a thin layer and dermis (upsidown triangle); (B) AK showing hyperkeratosis (v),
hyperproliferation of epidermal layer (cross) with keratinocytes showing nuclear
abnormalities (arrows); (C) SCC shows nests of dysplasic squamous cells (circles)
reaching the dermis with presence of keratocysts (dotted circle). B and C represents
two different animals from irradiated group. Animals were exposed to 0,228 J/cm? of
UVB for 16 minutes, five days a week, for 15 weeks (cumulative dose = 17.1 J/cm?).
H&E staining, 200x.

Once verified SCC development, we performed an immunohistochemical analysis of
cutaneous lesions from SCC group in order to verify in situ participation of reactive
oxygen species. Immunostaining of these samples showed elevated presence of 3-
NT and 4-HNE compared to the control group (4-HNE = Control: 2.750 + 0.4787%,
SCC 22.75 + 0.8539%, p<0.0001; 3-NT = Control: 4.750 + 0.4787%; SCC: 22.25 +
0.8539%, p<0.0001) (Figure 3).
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3-NT

.| 4HNE

Control group

Figure 3. 4-HNE and 3-NT labeling in tumor tissue. Skin photomicrographs of
control group (A, C) and SCC group (B, D). (A) Control group presents discrete
marking by 3-NT, (C) No marking of 4-HNE can be observed in control group. SCC
group shows increased expression of 3-NT and (B) 4-HNE (D) in epidermal areas

(full arrow). Immunohistochemistry, 400x.

Adjacent skin of cutaneous lesions redox status

Skin antioxidant defence and oxidative products in control and SCC group was
evaluated. Decreased catalase activity was observed in SCC group, compared to
control group (Control: 1.493 + 0.2201 Abs/min, SCC: 0.3880 + 0.07453 Abs/min,
p=0.0022) (Figure 4A). GSH levels was lower in SCC, compared to control group, but
not statistically significant (Control: 0.8892 + 0.03274 pM/mg protein; SCC: 0.7989 +
0.01234 pM/mg protein, p=0.0501) (Figure 4B) and GSSG was higher in SCC group,
compared to control group (Control: 0.4364 + 0.04677 uM/mg protein; SCC: 0.7359 +
0.03051 pM/mg protein, p=0.0007) (Figure 4C), reflecting in elevated oxidative stress
index (Control: 50.62% + 8.944; SCC: 92.06% + 3.247, p=0.0024) (Figure 4D). TRAP
also decreased in SCC group (0.5820 = 0.1352 uM Trolox) in comparison to control
group (1.053 £ 0.1325 pM Trolox, p= 0.0444) (Figure 4E). Lipid peroxidation product
MDA was elevated in SCC group, compared to control group (Control: 1.795 +
0.1284 nM/mg protein; SCC: 5.643 = 1.345 nM/mg protein) (Figure 4F). Protein
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oxidation parameter carbonyl protein (CP) showed no significant alteration between
groups (Control: 12.71 + 0.4452 nM carbonyl/mg protein; SCC: 11.74 + 0.2078 nM
carbonyl/mg protein, p=0.0994) (Figure 4G), neither (AOPP), another protein
oxidation parameter (Control: 0.2190 + 0.01958 uM AOPP/mg protein; SCC: 0.2195
+0.004747 uM AOPP/mg protein, p= 0.9839) (Figure 4H).
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Figure 4. Skin redox status from SCC group. These data was obtained from an
homogenate of the adjacent skin of cutaneous SCC. (A) Catalase activity, (B) GSH
levels, (C) GSSG levels, (D) Oxidative Stress Index, (E) TRAP levels, (F) TBARS
levels, (G) Carbonyl protein content, (H) AOPP levels. Animals were exposed to
0.228 Jicm? of UVB for 16 minutes, five days a week, for 15 weeks (cumulative dose
= 17.1 J/icm?). *p<0.05, **p<0.005, ***p<0.0001 significantly different from Control
group. Differences in statistical significance were analyzed using Student’s unpaired
T test.

Animals that did not developed SCC, but AK instead, were submitted to TBARS,
catalase and GSH analyzes. The results are show in Table 1. We performed a
correlation analyze between TBARS and catalase, TBARS and GSH among
premalignant lesion (AK) and SCC. TBARS was inverselly correlated with catalase
activity in Spearman’s test (Figure 5A, Table 1), but not statiscally significative
between TBARS and GSH levels (Figure 5B, Table 1).

Table 1. TBARS, catalase and GSH levels in adjacent skin of cutaneous lesions

in AK group

Control Adjacent skin (AK)
TBARS (nM/mg protein) 1.795+ 0.1284 3.885 + 0.6708
Catalase (Abs/min/mg protein) 1.493 + 0.2201 0.8292 £ 0.1357*
GSH (uM/mg protein) 0.8892 + 0.03274 0.7608 = 0.03414*

TBARS: thiobarbituric acid reactive substances; GSH: glutathione reduced. *p<0.05

compared to Control group.
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Figure 5. Correlation between TBARS levels and antioxidant defence from
irradiated group. These data was obtained from the skin homogenate of mice from
irradiated group and provide local characterization of UVB-chronic irradiated skin in
AK and SCC lesions. (A) Correlation between TBARS levels and catalase activity, (B)
Correlation between TBARS and GSH levels. Animals were exposed to 0.228 J/cm?
of UVB for 16 minutes, five days a week, for 15 weeks (cumulative dose = 17.1

Jiem?).

Systemic redox status

Systemic evaluation was performed measuring antioxidant and oxidative parameters
in plasma and red blood cells from control and SCC group. Erythrocyte catalase was
lower in SCC group, but not statiscally significative, compared to control group
(Control: 701.7 £ 74.97 Abs/min; SCC: 571.8 = 76.77 Abs/min, p=0.2607) (Figure
6A). Erythrocyte GSH showed decreased levels in SCC group, compared to control
group (Control: 2.389 = 0.1740 uM/mg protein; SCC: 1.149 pM/mg protein = 0.01740,
p<0.0001) (Figure 6B) and increased levels of GSSG (Control: 1.345 + 0.01533
UM/mg protein; SCC: 2.232 + 0.1194 uM/mg protein, p<0.0001) (Figure 6C).
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Elevated oxidative stress index was observed in the SCC group compared to the
control group (Control: 57.65 + 3.754%; SCC: 194.2 + 9.347%, p<0.0001) (Figure
6D). Significant decrease in plasma TRAP was observed in SCC group, compared to
control group (Control: 1.053 £ 0.1325 pM Trolox; SCC: 0.5820 £ 0.1352 pM Trolox,
p=0.044) (Figure 6E). No significative alteration was observed in plasma total thiol
levels in SCC group (21.60 + 0,6355 uM Thiol) compared to the control group (21.51
+ 2.849 pM Thiol, p= 0.9751) (Figure 6F). Plasma MDA from SCC group presented a
significant decreased (165100 + 15460 nM/mg protein), compared to control group
(246400 £ 19040 nM/mg protein, p<0.05) (Figure 6G). Significantly higher levels of
plasma AOPP were observed in SCC group, compared to the control group (Control:
0.4761 = 0.03706 pM/mg protein; SCC: 0.6914 = 0.07907 pM/mg protein) (Figure
6H).
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Figure 6. Systemic redox status from SCC group. These data was obtained from
plasma or red blood cell of mice diagnosed with SCC and provide systemic
characterization of oxidative profile in animals who developed SCC. (A) Erythrocyte
catalase activity, (B) Erythrocyte GSH levels, (C) Erythrocyte GSSG levels, (D)
Oxidative Stress Index, (E) Plasma TRAP levels, (F) Plasma total thiol levels, (G)
Plasma AOPP levels, (H) Plasma MDA levels. Animals were exposed to 0.228 J/cm?
of UVB for 16 minutes, five days a week, for 15 weeks (cumulative dose = 17.1
Jlcm?). *p<0.05, ***p<0.0001 significantly different from Control group. Differences in

statistical significance were analyzed using Student’s unpaired T test.

Discussion

Tissue and blood oxidative stress profile has been a subject of study in
cancer, providing valuable data about the mechanisms involved in the disease and
characteristics of patient’s prognosis (NAVARRO, et al., 1998; VURAL, et al., 1999;
AYDIN, et al., 2006; PANIS, et al., 2011; PISKOUNOVA et al., 2015; BERNARDES
et al., 2015a, BERNARDES et al., 2015b; QUINTANILHA, et al., 2017). Considering
the void regarding redox status at systemic level in SCC, we performed a cutaneous
and systemic oxidative profile in a UVB-induced SCC experimental model in order to
investigate events that may occur in the blood in consequence of tumor
development.

Investigating redox status in SCC becomes more relevant when we take
into account two sources of oxidative stress in this disease. The first one is induced
by chronic UV exposure, which occurs in a constant manner (low doses of radiation,
but constantly - characterizing a chronic oxidative stress), critical in iniating the
disease. The second one is present in tumoral microenvironment, from epidermal
malignant cells and inflammation. At a certain point in the pathophysiology of SCC,
these two sources of oxidative stress may add up and act together in tumor
promotion and progression, which may reflect systemically (SANDER, et al., 2004;
HALLIWELL, 2007).

This reasoning can be applied in the decreased catalase activity observed
in SCC group, which could be explained by: (1) exposure to UVB induces H,0,
production by keratinocytes leading to catalase consumption (MASAKI, et al., 1995),
(2) UVB may direct destroy skin catalase (PODDA, et al., 1997; TERRA, et al.,

2012a) or (3) malignant keratinocytes may produce large amounts of H,0O», leading to
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catalase consumption (LENNICKE, et al., 2015), or a sum of these three events.
Therefore, this impairment in catalase activity may lead to a flood of H,O, which may
react with iron to form hydroxyl radicals (‘OH’), by Fenton’s reaction (VALKO, et al.,
2007). This is aggravated when skin cells are exposed to UV radiation, which leads
to release of iron from ferritin and another iron-containing molecules (BRENNEISEN,
et al., 1998). Radical hydroxyl is the most effective trigger of lipid peroxidation and
oxidative DNA damage (LUCZAJ, GEGOTEK & SKRZYDLEWSKA, 2017).
Corroborating with this, high levels of MDA — an aldehyde formed in consequence of
late lipid peroxidation indirectly quantified by TBARS techinique — was detected in
adjacent skin of cutaneous lesions. GSH does not react directly with peroxides, but it
iIs used as substrate for glutathione peroxidase (GPx) (DICKINSON & FORMAN,
2002). Thus, catalase decrease impairs H,O, scaveging by GPx and may contribute
to GSSG accumulation in favor of GPx action, observed in SCC group. Besides
catalase, low molecular weight antioxidants (LWMA) were also consumed, quantified
by TRAP technique. LWMA are radical scavengers and metal chelators, thus, UV-
induced oxidative stres, especially lipid peroxidation of cellular membrane, can lead
to their consumption in skin (ABUJA & ALBERTINI, 2001; KOHEN & GAITI, 2000;
TERRA, et al., 2012a; TERRA et al., 2012b). Therefore, even without lesion, adjacent
epidermis shows photo oxidative damage, evidenciating the free radical hypothesis in
skin photocarcinogenesis and representing the UV-indirect mechanisms of DNA
oxidation and carcinogenesis (KIELBASSA, ROZA & EPE, 1997; HALLIWELL, 2007).

Skin is rich in proteins, one of the major targets of oxidative damage
(SANDER, et al 2003). However, we did not observe any alterations in the content of
carbonyl proteins (CP) and AOPP levels between the SCC and control group. Peres
et al (2011) observed an increase of CP in chronologic-aged mice skin, but not in
chronic irradiated mice skin. Terra et al (2012), using acute doses of UVB irradiation,
did not verified any alterations of CP content right after irradiation in mice skin.
Corroborating with this, it was recently demonstrated that keratinocytes has an
effective proteolysis mechanism against UV-induced protein oxidation, which is
trigger in keratinocytes by acute doses of UV and it is increased in sun damaged-
human skin samples (CHEN, et al 2016), suggesting that, in adjacent epidermis,
occurred an adaptive mechanism over the chronic irradiation process, which

overwhelmed the accumulation of oxidized proteins.
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However, on the other hand, elevated presence of 3-NT was observed in
tumor tissue. It has been demonstrated that acute UVB exposure leads to NO’
formation in hairless mice skin (TERRA, et al 2012b, TERRA et al 2015). The
oxidative enviroment promoted by UV favor NO to rapidly react with O;", forming
peroxynitrite (ONOQO’). ONOQ’ is a potent oxidant that induces nitration of tyrosine
residues in proteins, leading to the formation of 3-NT, a nitrosative stress biomarker
used to indirectly evaluate the production of NO’, O,” and ONOQO’ (RADI, 2003). In
agreement with this, Terra et al (2012) showed increased NO levels and lipid
peroxidation in hairless mice skin after 24h of an acute dose of UVB. This event was
acompannied by low levels of catalase and elevated presence of 3-NT in the tissue
(TERRA, et al 2012b). Thus, low levels of catalase in AK animals which persists in
SCC strongly suggests that H,O, imbalance gives rise to the highly reactive radicals
and impairs redox signaling, portrayed by neoplasic tissue with acummulation of 3-
NT.

Besides tyrosine nitration, ONOO™ may induce lipid peroxidation (PRYOR
& SQUADRITO, 1995; tUCZAJ, GEGOTEK & SKRZYDLEWSKA, 2017), indicated
by elevated presence of 4-HNE in tumor tissue. 4-HNE corresponds to another
aldehyde end-product of lipid peroxidation, reflecting decomposition of
hydroperoxides formed at initiation of lipid peroxidation cascade. It may form adducts
with proteins, lipids and DNA. At physiological levels, 4-HNE-protein adducts is
related to cell signaling (e.g. cell proliferation). Thus, its uncontrolled formation may
promote tumor growth, evidenciated by SCC development (FAZIO, et al 1993;
CHAUDARY et al 2013; tUCZAJ, GEGOTEK & SKRZYDLEWSKA, 2017). These
data evidenciates that skin photo carcinogenesis is associated with ONOQO" effects
which leads to the accumulation of oxidized productions in a long-term effect,
probably triggered by impaired catalase activity, highlighting the importance of skin
redox balance promoted by the antioxidant system.

Because skin lipid peroxidation was shown to be a strong marker of UVB-
induced oxidative DNA damage and it is related to cell proliferation, we verified
whether increasing TBARS levels in premalignant lesions correlates with skin
antioxidant levels of catalase and GSH. GSH and catalase levels showed a inversely
proportional correlation with  TBARS levels, in which GSH showed moderately
inversely correlation (although not statistically significant) and catalase strong

inversely correlation (statistically significant). This could be explained by O
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generation through UV photosensibilization, which is dismutted to H,O, and forms
‘OH’, as mentioned above (KIELBASSA, ROZA & EPE, 1997). Considering this, it
can be suggested that catalase plays a role against cutaneous malignization and its
depletion favors SCC carcinogenesis more sharply than GSH depletion, once
catalase activity decreases in premalignant and malignant lesions, whereas TBARS
levels increase in the same proportion. This antioxidant imbalance appears to be the
first steps to occur in SCC development, in which an UVB-induced catalase
deficiency allowing H>O, to act in an unspecific way initiates a cascade of events
which remains continuously in this chronic process.

Damaged skin due to cutaneous lesions attributed to chronic UVB
exposure attracts inflammatory cells which undergoe to respiratory burst performed
by myeloperoxidase, producing hypochlorous acid (HOCI) and vyielding oxidized
proteins such as AOPP (LAMBETH, 2004). Although AOPP levels in skin did not
change, high levels of plasma AOPP was detected. HOCI is a higly reactive specie
that oxidizes cysteine residues from thiol and also interacts with another radical
scavengers, such as the LWMA albumin, here represented by plasma TRAP levels
(ABUJA & ALBERTINI, 2001; HAENEN & BAST, 2014). Thus, systemic inflammatory
response leading to AOPP formation may explain GSH oxidation (HOCI oxidizes its
thiol group) and diminished TRAP levels (HOCI oxidizes albumin). In contrast to the
observed in cutaneous analyzes, it appears that systemic GSH plays a central role in
counteracting redox imbalance, maintaining thiols in its reduced state and also
“saving” catalase through GPx-detoxifying peroxides, reflecting the unaltered total
thiol levels and catalase activity, respectively. Decreased MDA levels could be
explained by this maintanence of antioxidants compounds in order to counteract
redox imbalance. Taking together, these data suggest that SCC lesion amplifies a
local oxidative stress response induced by UV exposure, that reachs bloodstream
and leads to inflammation, evidenciating an interplay between tumor microenviroment
and bloodstream.

Our results indicates that, in skin, UVB-chronic irradiation leads to local
redox imbalance in order to promote tumor development. Corroborating with our
hypothesis, this was reflected by a modulation of systemic oxidative parameters.
However, it rises the questioning about the relevance of this event. Considering the
constantly exposure to UV radiation as the causative factor for SCC and oxidative

damage underlying its pathogenesis, it can be suggested that tissue-bloodstream
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communication discussed above may be present in the early steps of the
carcinogenesis process, and perhaps precedes tumor development per se, making
blood biomarkers as a valuable method for SCC clinical follow-up. Recently,
Chaisiriwong et al. (2016) showed that BCC causes systemic oxidative stress in
humans, once one month after skin tumor removal the systemic antioxidant defense
and DNA damage was restored. This reinforces the possible use for oxidative
biomarkers in NMSC prevention and accompaniment, which must be also
characterized in SCC-bearing patients.

In conclusion, the present data shows for the first time that UVB chronic
irradiation leads not only to adjacent and tumoral oxidative stress in skin, but it
reverberates systemically through the blood. These new findings can bring some light
on the pathogenesis of SCC to design better a chemoprevention strategy and also to

avoid another primary SCC development and metastasis.
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5 CONCLUSAO

O presente trabalho corrobora com as evidéncias da participacédo do
estresse oxidativo induzido por UVB na fisiopatologia do carcinoma espinocelular de
pele (CEC), uma vez que os animais que desenvolveram carcinoma espinocelular
induzido por UVB apresentam estresse oxidativo na pele adjacente ao tumor, assim
como no tecido tumoral. Ainda, este trabalho mostra pela primeira vez que, no CEC
experimental, ocorre estresse oxidativo a nivel sistémico, sugerindo que o estresse
oxidativo sistémico deve ser caracterizado em pacientes portadores de CEC a fim de
contribuir em estratégias terapéuticas e preventivas.

Corroborando com o potencial quimiopreventivo da metformina, este
trabalho demonstrou que o tratamento com metformina € capaz de diminuir a
proliferacéo epidérmica e o dano epitelial em camundongos irradiados cronicamente
com UVB, assim como diminuir a presenca da proteina p53, parametros que
relacionados a carcinogénese, e que estes eventos estdo associados a regulacédo do
sistema antioxidante da pele. Este € o primeiro trabalho a fornecer evidéncias de
gue um dos mecanismos da metformina envolvidos na patogénese do CEC envolve

uma regulacéo positiva do sistema antioxidante epidérmico.



