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metabolismo do ferro em pacientes com melanoma cutaneo e melanoma
recidivado. 2014. 144f. Tese (Doutorado em Patologia Experimental) — Universidade
Estadual de Londrina, Londrina, 2014.

RESUMO

Uma das correlagdes mais aceitas no prognostico do melanoma cutaneo € a medida da
espessura de Breslow, onde tumores mais espessos se relacionam fortemente com o
risco de disseminagéo da doenca e morte. O estresse oxidativo sistémico em pacientes
com cancer € reportado na literatura, porém seu papel no prognéstico de doengas
malignas ainda € controverso. As ferritinas de cadeia pesada (FCP) e leve (FCL) séo
proteinas envolvidas no metabolismo do ferro, relacionadas a um pior progndstico no
cancer. O fator de crescimento tumoral beta-1 (TGF-B1) esta intimamente relacionado
com a iniciacdo, progressao e metastase tumoral, sendo os radicais livres capazes de
regular sua atividade. A relacdo entre o estresse oxidativo e moléculas relacionadas,
como as envolvidas no metabolismo do ferro e na resposta inflamatoria, ainda ndo é
bem caracterizado no melanoma. O objetivo deste trabalho foi caracterizar esses
parAmetros em pacientes em diferentes estadiamentos dessa doenca. A medida de
espessura de Breslow e a presenca ou ndo de recidivas foram utilizadas como
parametros na divisdo dos grupos. Um total de 83 pacientes foram recrutados no
Hospital do Cancer de Londrina entre abril de 2011 e novembro de 2012. O grupo
controle compreendeu 65 individuos saudaveis. O sangue venoso foi coletado e usado
nas analises sistémicas. Também foram selecionados aleatoriamente 70 blocos
parafinizados de tumores de melanoma analisados no Departamento de Patologia do
Hospital do Cancer de Londrina, a fim de estudar o estresse oxidativo e moléculas
relacionadas no tecido tumoral por imuno-histoquimica. Quanto maior a espessura de
Breslow e agressividade da doenca (recidiva), mais evidentes foram as modificacdes
oxidativas e inflamatérias sistémicas, caracterizadas principalmente pelo aumento dos
niveis de malondialdeido (MDA) e proteina C reativa (PCR). Além disso, tumores
cutdneos com maior espessura de Breslow apresentaram maior concentracdo do
produto de oxidacdo de proteinas 3-nitrotirosina nas analises de imunohistoquimica de
células de melanoma e no tecido peritumoral quando comparados a tumores menores.
Pacientes com recidiva e alto risco de recidiva, apresentaram aumento de FCP
sistémica, enquanto todos os pacientes com melanoma apresentaram aumento da
relacdo FCP:FCL quando comparados a individuos saudaveis. O aumento dos niveis de
FCP foi acompanhado do aumento do estresse oxidativo sistémico, avaliado pela
lipoperoxidagédo de hemacias. Células de melanoma apresentam aumento na marcagao
de FCP por imunohistoquimica porém em niveis iguais entre as diferentes classificacdes
do tumor. A p53, proteina envolvida na proliferacdo celular, apresentou-se aumentada
em tumores metastaticos quando comparados a tumores cutdneos com menores
espessuras de Breslow. Pacientes com recidiva apresentaram baixos niveis sistémicos
de TGF-B1, acompanhados de altos niveis de MDA, lipoperoxidacdo de hemacias e de
3-nitrotirosina. Os resultados mostram o estresse oxidativo e moléculas relacionadas
possuem perfis caracteristicos nos diferentes estadiamentos do melanoma,
acrescentando uma nova perspectiva sobre o estado redox e seu possivel envolvimento
com a evolucéo da doenca.

Palavras-chave: Melanoma. Estresse oxidativo. Cancer. Recidiva.
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ABSTRACT

Surgical removal of cutaneous melanoma can cure most of the patients, however, the
risk of recurrence remains for years. One of the most accepted correlation in
cutaneous melanoma prognosis is Breslow thickness, where high tumor thickness
values at diagnosis is strongly related to melanoma spread and high morbidity.
Oxidative stress in patients with cancer is reported in literature, but their role in
prognosis is still controversial. The ferritin heavy (FHC) and light chains (FLC) are
proteins involved in iron metabolism, related to a poor prognosis in cancer. The
inflammatory mediator transforming growth factor beta-1 (TGF-B1) is closely linked
with initiation, progression and tumor metastasis, and free radicals are capable of
regulating their activation. The relationship between oxidative stress and related
molecules such as those involved in the iron metabolism and inflammatory response
is still not well characterized in melanoma. The objective of this study was to
characterize these parameters in patients in different stages of this disease. Breslow
thickness and the presence or absence of recurrence was used as parameters for
group division. A total of 83 patients were recruited at the Cancer Hospital of
Londrina between April 2011 and November 2012. The control group comprised 65
healthy volunteers. Venous blood was collected and used in systemic analyzes.
Moreover, 70 blocks of paraffin-embedded melanoma from patients treated between
2004 to 2012 were randomly selectedand analyzed at the Department of Pathology,
Cancer Hospital of Londrina, in order to study oxidative stress and related molecules
in tumor tissue by immunohistochemistry. The higher the Breslow thickness and
aggressiveness of the disease (recurrence) the more evident were the systemic
inflammatory and oxidative modifications, mainly evidenced by increased levels of
malondialdehyde (MDA) and C-reactive protein (CRP). Furthermore, skin tumors with
higher Breslow thickness showed increased labeling of the protein oxidation product
3-nitrotyrosine in melanoma cells and peritumoral tissue compared to smaller tumors.
Recurrence and high risk recurrence patients showed increased FHC levels, while all
patients with melanoma had increased FHC:FLC ratio when compared to healthy
subjects. The increased levels of FHC were followed by the increased systemic
oxidative stress, measured by red blood cells lipid peroxidation. Melanoma cells
showed FHC expression, but the levels did not differ between tumor stages. The p53,
a protein involved in cell proliferation, had increased labeling in metastatic tissue
compared with thin Breslow thickness cutaneous tumor. Recurrence patients had low
TGF-B1 systemic levels, accompanied by high levels of MDA, red blood cells lipid
peroxidation and 3-nitrotyrosine in tumoral tissue. The results show that oxidative
stress and related molecules have characteristic profiles in different melanoma
stages, adding a new perspective on the redox state and their possible involvement
in disease progression.

Keywords: Melanoma. Oxidative stress. Neoplasm. Neoplasm recurrence.
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1 INTRODUGCAO

1.1 MELANOMA

O melanoma cutdneo é uma neoplasia maligna com origem nos
melandcitos, células originadas da crista neural e localizadas na camada basal da pele.
Em reposta a radiacdo ultravioleta (UV), os queratindcitos da epiderme secretam
fatores que regulam a sobrevivéncia, proliferacdo e motilidade dos melandcitos,
estimulando a sintese de melanina (GRAY-SCHOPFER; WELLBROCK; MARAIS,
2007). A melanina atua como uma barreira, diminuindo a absorcdo da radiacdo UV,
além de definir a cor da pele, olhos e cabelos (TADOKORO et al., 2005). Mutacdes em
genes criticos que regulam o crescimento celular, a producdo autécrina de fatores de
crescimento e a perda de receptores de adesdo contribuem na interrupcdo da
sinalizacdo intracelular dos melandcitos, permitindo-lhes escapar de sua regulacao
controlada pelos queratinécitos (HAASS; SMALLEY; HERLYN, 2004).

Apesar de raro — cerca de 4% dos tipos de canceres cutaneos - o
melanoma € a mais grave neoplasia maligna de pele, possuindo altas taxas de
mortalidade devido sua caracteristica altamente invasiva e agressiva (CAINI et al.,
2009). Segundo estimativas da Organizacdo Mundial da Saude, anualmente podem
ocorrer cerca de 132 mil novos casos de melanoma cutdneo no mundo. No Brasil,
estima-se 7.990 novos casos (3.910 em homens e 4.080 em mulheres) no ano de 2014,
sendo a maior parte na regido sul do pais (INCA, 2014). Quando diagnosticado
precocemente, o melanoma é curavel através de cirurgia, e 80% dos pacientes
apresentam-se livres de recidiva até 10 anos ap0s a remocao do tumor cutaneo
primario. Quando a doenca encontra-se disseminada para os nédulos linfaticos ou
orgaos distantes, torna-se refrataria a terapias comuns, e, portanto, incuravel (DAS
THAKUR; STUART, 2013). A génese do melanoma parece estar mais relacionada a
fatores genéticos do que ambientais, embora alguns estudos mostrem que exposi¢cdes
solares intermitentes intensas aumentam em até 40% a probabilidade de
desenvolvimento da doenca (MILLER; MIHM, 2006). Esse fato explica a maior

frequéncia da localizagcdo do melanoma em regides geralmente expostas ao sol em
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momentos de recreacao e lazer, como costas, térax, pernas e abdémen (GILCHREST
et al., 1999).

Podem ser considerados fatores de risco para o desenvolvimento do
melanoma o fendtipo da pele, sendo a pele clara mais susceptivel por produzir menos
pigmento melanina, a presenca de nevos melanociticos em grande quantidade e fatores
genéticos-familiares (PAEK et al., 2008). Mutagbes no gene CDKN2A, que sinaliza a
producdo de proteinas inibidoras do ciclo celular, e dos genes BRAF e N-RAS,
envolvidos na via de sinalizacdo MAPK (Do inglés Mitogen-Activated proteins kinases),
sdo as alteragBes genéticas mais frequentes em pacientes com melanoma, sendo a
primeira relacionada ao melanoma familiar (MILLER; MIHM, 2006; PAEK et al., 2008).

No melanoma, devido a mutacdes no gene N-RAS da familia RAS, a
ativacdo do receptor tirosina quinase resulta em aumentos aberrantes da sinalizacao
MAPK/ERK (Do inglés Mitogen-Activated protein kinases/ Extracellular Signal-
Regulated Kinases) e PI3K/AKT (Do inglés Phosphatidylinositol-3 kinase/ Protein
Kinase B), vias que promovem a proliferagdo e sobrevivéncia celulares. As mutagoes
ativadoras em BRAF, que codificam uma serina/treonina quinase que regula
positivamente o RAS, s&o observadas em 60 a 70% dos melanomas, enquanto as
mutacdes ativadoras em N-RAS (que regula positivamente o BRAF) ocorrem em 10-
15% dos demais tumores. PTEN (Do inglés Phosphatase and Tensin homolog), um
supressor tumoral que atua na regulacdo negativa da sinalizacdo de PI3K/AKT é
epigeneticamente silenciado em 20% dos melanomas (CURTIN et al., 2006; LAZAR,
MURPHY, 2010). O gene CDKN2A codifica trés proteinas supressoras tumorais,
pl5/INK4b, p16/INK4a e pl4/ARF, sendo a perda do lécus que codifica pl6/INK4a
claramente envolvida no melanoma humano. A proteina p16/INK4a, também conhecida
como proteina p16, € uma proteina supressora tumoral da familia do retinoblastoma,
gue atua através da inibicdo da quinases dependentes de ciclina 4 e 6 (CDK4/ CDKB6,
do inglés Cyclin-Dependent Kinase). Uma proteina pl6 mutante geralmente leva a
perda do controle do ciclo celular (LAZAR; MURPHY, 2010). As vias de sinalizacao

envolvidas com as mutagdes citadas acima estéo representadas na Figura 1.
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Figura 1. Vias de sinalizacdo da MAPK/ERK e PI3K/AKT. A sinalizagéo do receptor Tirosina

quinase promove proliferacdo celular através da via MAPK/ERK (Do inglés Mitogen-Activated protein
kinases/ Extracellular Signal-Regulated Kinases, ramificacdo esquerda) e sobrevivéncia celular através
da via PI3K/AKT (Do inglés Phosphatidylinositol-3 kinase/ Protein Kinase B, ramificagdo direita). No
melanoma, mutacdes ativadoras no gene N-RAS e BRAF aumentam a sinalizacdo MAPK/ERK, bem
como mutagBes que modificam estruturalmente a proteina pl6. A via da PI3K/AKT também encontra-se
ativada no melanoma, sendo uma das causas o0 desenvolvimento de muta¢des que levam a alteracfes
estruturais da proteina PTEN (Do inglés Phosphatase and Tensin homolog), importante inibidora dessa
via. Adaptado de Curtin et al., 2006.

O melanoma pode ser classificado em extensivo superficial, nodular,
acral lentiginoso, lentigo maligno e lentigo maligno melanoma. O melanoma extensivo
superficial € o tipo mais frequente em caucasianos, apresentando crescimento lento e
melhor progndstico, enquanto o melanoma nodular apresenta crescimento rapido e pior
progndstico. O melanoma acral lentiginoso acomete as palmas das maos, sola dos pés
e o leito ungueal, e corresponde a 2 — 5% dos casos de melanoma em individuos
caucasianos, porém é o tipo histolégico mais comum entre individuos com a pele

pigmentada, como afro-descendentes, hispanicos e asiaticos (KAY; FUJIWARA, 2013;
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PAEK et al., 2008). Pacientes com esse diagndstico apresentam pior prognaostico,
devido o melanoma acral lentiginoso apresentar biologia diferente dos demais tipos, e
também porque o diagndstico desses pacientes costuma ser tardio, uma vez que esses
tumores acometem regides pouco visiveis (BELLO et al, 2013). Ja o lentigo maligno
(melanoma in situ) € mais comum em individuos com mais de 70 anos, possui
crescimento lento, que pode durar anos, e ocorre frequentemente em regides expostas
ao sol, como a face. O termo lentigo maligno melanoma é usado quando o lentigo
maligno assume carater invasivo.

O melanoma pode apresentar dois padrbes de crescimento, o radial
(crescimento horizontal) ou vertical (crescimento invasivo em profundidade). Os
melanomas com padrdo de crescimento radial apresentam melhor progndstico
comparado ao padréo vertical. O tipo extensivo superficial apresenta crescimento radial
na maioria dos casos, enquanto os tipos nodular, acral-lentiginoso e lentigo-maligno
frequentemente apresentam crescimento vertical (THORN et al., 1994). As
caracteristicas histopatolégicas dos dois padrdes de crescimento e do aspecto

macroscopico do melanoma cutaneo estéo ilustradas na Figura 2.

A B

Invaséo na Disseminacgéo na
membrana basal epiderme

Invaséo profunda il

Figura 2. Padrdes de crescimento e caracteristicas macroscopicas do melanoma

cutaneo. O melanoma extensivo superficial apresenta padrdo de crescimento radial, enquanto os tipos

nodular, acral lentiginoso e lentigo maligno melanoma apresentam comumente padrdo de crescimento
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vertical. A) Crescimento radial, com invasdo de células tumorais na epiderme; A.1) Caracteristicas
macroscopicas do melanoma extensivo superficial; B) Crescimento vertical, com invasao profunda da
derme; B.1) Caracteristicas macroscépicas do melanoma nodular; B.2) Caracteristicas macroscoépicas do

melanoma acral-lentiginoso; B.3) Caracteristicas macroscépicas do lentigo maligno melanoma.

A classificacao clinico-histopatologica do melanoma cutaneo pode ser
realizada através dos niveis de Clark e/ou medida de espessura de Breslow, sendo que
atualmente a ultima tem sido mais utilizada, por apresentar maior correlagdo com o
progndstico do paciente (BICHAKJIAN et al., 2011; SOONG et al., 1998). O nivel de
Clark mede o grau de invasao, de | a V, da epiderme (Nivel I, tumor in situ) a hipoderme
(Nivel V). A medida de espessura de Breslow mede a profundidade em milimetros. O
melanoma é classificado em 5 estagios: Estagio 0 ou melanoma in situ; Estagio I, onde
a espessura de Breslow do tumor ndo ultrapassa 2 mm; Estagio Il, caracterizado
principalmente pela presenca de ulceracdo em tumores com espessura de Breslow
maior que 1 mm; Estagio Ill, onde o tumor encontra-se disseminado nos linfonodos ou
na pele e tecido subcutaneo, com até 2 cm de distancia do tumor primario, também
chamado de melanoma regional; e Estagio IV, quando a doenca encontra-se
disseminada para Orgdos distantes, também chamada de melanoma altamente
disseminado (BALCH et al., 2009).

Os estagios | e Il (melanoma cutaneo ou localizado) sao subdivididos, e
as principais caracteristicas de cada uma delas estao representadas na Figura 3. Além
das caracteristicas ja citados, o comportamento biolégico dos tumores de melanoma
dependem de fatores como ulceracao, indice mitético e infiltrado linfocitario (BALCH et
al., 2009).
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Figura 3. Subtipos de melanoma cutaneo (Estagio | e Estagio Il). A) Estagio I: No estéagio la,

o tumor é menor do que um milimetro de espessura e sem ulceracdo. No estagio Ib, o tumor é < 1
milimetro de espessura, com ulceracdo, ou entre 1 e 2 milimetros de espessura, sem ulceracdo; B) No
estagio lla, o tumor tem entre 1 e 2 milimetros de espessura, com ulceracdo, ou entre 2 e 4 milimetros de
espessura, sem ulceracdo. No estdgio Ilb, o tumor tem entre 2 e 4 milimetros de espessura, com
ulceracao, ou é maior de 4 milimetros de espessura, sem ulceragdo. No estagio llc, o tumor é superior a
4 milimetros de espessura, com ulceracdo. Adaptado de National Cancer Institute at the National
Institutes of Health, 2008.

No melanoma, mesmo com a resseccao cirdrgica do tumor, o risco de
recidiva permanece por anos, fazendo com que o acompanhamento clinico seja uma
ferramenta importante em seu tratamento (HOHNHEISER et al.,, 2011). O uso de
biomarcadores sistémicos de progressao tumoral ou de recidiva da doenca ainda é
controverso, embora alguns testes bioquimicos como lactato desidrogenase (LDH),
proteina-C reativa (PCR) e a proteina S-1008 tenham sido utilizadas na pratica clinica
(BOUWHUIS et al., 2011; MARTENSON et al., 2001; KLUGER et al., 2011). Embora
inespecifica, a LDH plasmatica pode indicar a taxa de crescimento e volume tumoral,
constituindo uma importante ferramenta no prognéstico da doenca metastatica
(ALMEIDA et al., 2007). A PCR é uma proteina inflamatdria de fase aguda, inespecifica,

porém encontra-se aumentada em pacientes com melanoma em todos os estagios da
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doenca (FINDEISEN et al., 2009). A proteina S-1008 € normalmente expressa em
células derivadas da crista neural, como os melandcitos. Células de melanoma podem
produzir S-100B de forma aberrante, tornando os niveis séricos dessa proteina

detectaveis em pacientes portadores dessa neoplasia (MARTENSON et al., 2001).

1.1.1 Melanoma Metastéatico

As células metastaticas do melanoma sdo geneticamente
heterogéneas, e os pacientes com doenca disseminada apresentam menos de 10% de
sobrevida em um periodo de 5 anos (FRANCKEN et. al. 2008; JACOBS; LANGE;
BALCH, 2008). A cirurgia, a quimioterapia e a imunoterapia sdo oferecidas a pacientes
com metastase e sdo essencialmente paliativas, com baixa previsdo de beneficio para
0 paciente (BALCH et. al. 2001; DAS TAKHUR et al., 2013).

Na doenca regional, o numero de linfonodos acometidos é o fator
progndstico mais importante. Para os pacientes com doenca disseminada para 6rgaos
distantes, as Unicas variaveis de significado progndéstico sdo o numero de metastases
locais, ressecabilidade cirargica, duracdo da remisséo e localizagdo das metéstases. As
metastases sistémicas implicam um ruim progndéstico, com sobrevida média de 6 a 9
meses apds o0 reconhecimento da disseminacdo metastatica. Apesar dos avancos na
guimioterapia, inclusive na imunoterapia, 0 sucesso no tratamento medicamentoso da
doenca disseminada permanece com limitacdes, e o prognéstico da doenca metastatica
é reservado (ASCIERTO et al., 2013; DAS TAKHUR et al., 2013).

O melanoma também pode progredir rapidamente de uma forma
branda para uma doenca metastatica agressiva com alta mortalidade e pobre resposta
as terapias, ndo sendo 0s mecanismos de progressdo e resisténcia aos agentes
terapéuticos bem elucidados (JEFFS et al., 2009). A base mais provavel para a
resisténcia as drogas no melanoma € a inibicdo da apoptose, embora outros
mecanismos, incluindo alteragdes no transporte e desintoxicagéo de drogas e perda do
reparo de DNA também desempenhem um papel importante (GROSSMAN; ALTIERI,
2001).
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Células de melanoma apresentam baixos indices de apoptose
espontanea in vivo em comparacdo com outros tipos de células tumorais, e sdo
relativamente resistentes a apoptose induzida por agentes quimioterapicos. Dois
membros das familias de proteinas inibidoras da apoptose IAP (Do inglés Inhibitor of
Apoptosis) e FLIP (Do inglés FLICE-like Inhibitory Protein) tém sido associados com a
progressdo do melanoma, sendo detectaveis no inicio da disfungdo melanocitica (nevos
melanociticos) e em maior quantidade em melanomas metastaticos altamente invasivos
(SOENGAS; LOWE, 2003).

Mutagdes no gene p53 estédo envolvidas em falhas nos mecanismos de
apoptose e no aumento da proliferacdo celular, sendo comuns em aproximadamente
metade das neoplasias humanas (BRASILEIRO-FILHO; PEREIRA; GUIMARAES,
2013). No melanoma, mutacdes nesse gene estao relacionadas com a transformacao
maligna do nevo, embora a frequéncia da mutacdo da p53 em tumores de melanoma
sejam divergentes (HOUBEN et al., 2011; SOENGAS; LOWE, 2003). O gene p53, o
"guardido do genoma", € um fator de transcricdo que pode se ligar a regiées promotoras
de diferentes genes, sendo capaz de ativar ou suprimir a expressao génica (HOUBEN
et al., 2011). Quando as células sofrem lesdo e erros na replicagcdo do DNA, a p53 é
fosforilada e atua aumentando proteinas inibidoras do ciclo celular, a fim de que o DNA
seja reparado antes da divisdo celular, ou induzindo apoptose caso o reparo ndo seja
possivel (BRASILEIRO-FILHO; PEREIRA; GUIMARAES, 2013). Recentemente foi
mostrado por Avery-Kiejda e colaboradores (2011) que em tumores de melanoma
metastatico humanos e em linhagens celulares de melanoma cultivadas in vitro, o p53
apresenta menor capacidade de regulacao sobre genes alvo envolvidos no controle do
ciclo celular e apoptose. As alteracdes nos genes alvo da p53 observados nesse estudo
apontam para uma faléncia potencial dessas células em responder adequadamente a
estimulos indutores de apoptose, como os sinalizados pela quimioterapia.

O principal mecanismo indutor de apoptose induzido pela quimioterapia
€ a producdo de radicais livres no tecido tumoral. Essas moléculas sdo capazes de
causar dano mitocondrial, e também ativar a via de sinalizagdo JNK (Do inglés c-Jun N-
terminal Kinase), induzindo a apoptose via agao de caspases (SIMON; HAJ-YEHIA;
LEVI-SCHAFFER, 2000).
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1.2 RADICAIS LIVRES E ESTRESSE OXIDATIVO

Radicais livres podem ser definidos como fragmentos moleculares com
capacidade oxidante, contendo um ou mais elétrons desemparelhados em seu orbital
atdmico ou molecular, o que Ihes confere alta reatividade (HALLIWELL; GUTTERIDGE,
2007). Basicamente, os radicais livres séo constituidos de espécies reativas de oxigénio
(ERO) e de espécies reativas de nitrogénio (ERN). Flutuacdes dos niveis de radicais
livres possuem importante fungcdo regulatdria. Quando o0s niveis se encontram altos
e/ou sustentados, os radicais livres podem causar diversos danos ao DNA, lipideos e
proteinas, levando a uma condicdo chamada de estresse oxidativo, definida como a
ruptura da sinalizacdo redox em uma situacao controle, levando a um desequilibrio
entre 0s niveis de radicais livres e substancias antioxidantes (JONES, 2006;
HALLIWELL; GUTTERIDGE, 2007).

As células sédo expostas a uma variedade de ERO e ERN derivadas de
fontes enddgenas e exdgenas. Como exemplo de fontes exdgenas, pode-se citar a
radiacdo ionizante, a radiacdo ultravioleta, xenobioticos, solventes organicos,
componentes da fumaca do cigarro e outros poluentes atmosféricos (KOHEN; NISKA,
2002). Os mecanismos endbégenos de geracdo de radicais livres ocorrem nas
mitocdndrias, membranas celulares e no citoplasma, sendo a mitocéndria, por meio da
cadeia transportadora de elétrons, a principal fonte (FINKEL; HOLBROOK, 2000;
RAHA; ROBINSON, 2000). As principais fontes exdgenas e enddgenas de radicais
livres estédo representadas na figura 4.

Aproximadamente 95% do oxigénio consumido pelos organismos
aerobicos é reduzido a agua pela enzima citocromo c oxidase na reacdo terminal da
cadeia respiratéria mitocondrial. No entanto, uma pequena parte das moléculas de
oxigénio (1-2%) é convertida em radical anion superéxido (O2™) por outros componentes
da cadeia respiratéria, principalmente o Complexo | — NADH desidrogenase e o
complexo Il — ubisemiquinona (UQ10), sendo o ultimo uma fonte constante de geragéo
de O2" (RAHA; ROBINSON, 2000; TURRENS, 1997). O aumento do Oz~ é
acompanhado do aumento de enzimas que participam de sua degradacdo e
metabolismo, como a superoxido dismutase, catalase e glutationa peroxidase (FINKEL;
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HOLBROOK, 2000). A enzima superéxido dismutase converte o Oz em H202, que por
sua vez é degradado em agua pelas enzimas catalase e glutationa peroxidase. O H20:2
nao possui elétrons desemparelhados na sua ultima camada de valéncia e, portanto,
nao € considerado um radical livre, embora apresente alto potencial reativo. Diferente
dos radicais livres, o H202 tem vida longa e € capaz de atravessar as membranas
celulares, apresentando-se potencialmente toxico para as células. Esta toxicidade pode
ser aumentada em dez mil vezes pela presenca de ferro. Por participar da reacdo de
geracao de ‘OH, o H202 tem acado deletéria potencial, uma vez que esse &€ um dos
radicais livres mais reativos (BARBOSA et al., 2010).
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Figura 4. Principais fontes endégenas e exdgenas de radicais livres. Os mecanismos
enddgenos de geracdo de radicais livres incluem o metabolismo mitocondrial, o metabolismo de
xenobibticos e a resposta inflamatéria. Como exemplo de fontes exdgenas, pode-se citar a radiacédo
ionizante, a radiacdo ultravioleta, componentes da fumaca do cigarro e outros poluentes atmosféricos.
Adaptado de Kohen e Niska, 2002.

O excesso de Oz~ provoca a liberacdo de ferro de moléculas que
possuem sitios ferro-sulfuricos, como a aconitase, a succinato desidrogenase e a

NADH-ubiquinona oxiredutase, e também da molécula de armazenamento de ferro
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ferritina (HALLIWELL & GUTTERIDGE, 2007; RAHA & ROBINSON, 2000). O ferro
liberado encontra-se na forma reduzida (Fe?*), sendo capaz de participar da converséo
do H202 em radical hidroxil ("(OH), através da reagéo de Fenton. A reagdo de Haber-
Weiss também apresenta um papel importante na geracdo de ‘OH, atuando como fonte
de Fe?*. Outros metais de transicdo podem participar da geracéo de "OH, tendo o Cu?*
importante participagdo em sistemas bioldgicos. A reacdo de geracdo de "OH atraves

da reacéo de Haber-Weiss e Fenton estdo descritas abaixo:

Reacdo de Haber-Weiss: Fe3* + 02" = Fe?* + O2

Reacdo de Fenton: Fe?* + H202 - Fe3* + -OH + *OH

Na resposta inflamatéria, os radicais livres sdo produzidos
principalmente durante a fagocitose, no burst oxidativo. A producdo de ERO é uma
caracteristica marcante da fagocitose dos neutrofilos. Esta producdo é muito superior a
observada em macrofagos. Nesse Ultimo, a explosdo respiratéria é dependente de
enzimas da familia NADPH oxidase (do inglés Nicotinamide Adenine Dinucleotide
Phosphate Oxidases) internalizada da membrana plasmatica durante a formacgéo do
fagossomo. J4 em neutrdéfilos, ocorre um recrutamento adicional de NADPH oxidases
para o fagossomo. Ainda na fagocitose de neutréfilos, a acdo catalitica da
mieloperoxidase transforma o superoxido em espécies reativas ainda mais toxicas,
como o HOCI (acido hipocloroso) (NORDENFELT; TAPPER, 2011). O &cido hipocloroso
e outros produtos oxidantes clorados derivados do burst oxidativo reagem com
proteinas, formando Produtos de Oxidacdo Avancada de Proteinas (AOPP, do inglés
Advanced Oxidation Protein Products) (KORKMAZ et al. 2013). A familia NADPH
também faz parte de um grupo de proteinas transmembrana com funcdo de transferir
elétrons através das membranas celulares. Geralmente, o aceptor de elétrons nessa
reacdo € o oxigénio e em decorréncia desse processo, gera-se o radical ‘OH
(HALLIWELL; GUTTERIDGE, 2007; SIES, 1997). Outra importante fonte enddgena de
geracdo de radicais livres decorre da acdo de enzimas da familia do citocromo P450,

gue atuam juntamente com enzimas NADPH na metabolizacdo de xenobidticos.
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Os &cidos graxos poli-insaturados contidos nas membranas celulares
fazem com que essas sejam potentes geradoras dos radicais livres alcoxila e peroxila,
por meio do dano oxidativo a lipideos, chamado lipoperoxidacdo (BARBOSA et al.,
2010; HALLIWELL; GUTTERIDGE, 2007). O radical *OH, por meio da retirada de um
atomo de hidrogénio dos acidos graxos poli-insaturados da membrana celular,
desempenha importante papel na lipoperoxidacdo, sendo considerado o principal
iniciador desse processo, onde o Fe?* também desempenha papel importante
(BARBOSA et al., 2010; HALLIWELL; GUTTERIDGE, 2007). Um dos produtos finais da
lipoperoxidagéo é o malondialdeido (MDA), bastante utilizado na avaliagdo do estresse
oxidativo in vitro e in vivo (HALLIWELL; GUTERIDGE, 2007). A principal fonte de
geracdo de MDA é a oxidacdo de acidos graxos poli-insaturados (PUFA, do inglés
Polyunsaturated Fatty Acids), e uma vez que o estado proé-inflamatério aumenta a
disponibilidade de PUFA, um aumento de MDA ¢é esperado em doencas inflamatorias,
como o cancer (BARTSCH; NAIR, 2004).

Além da capacidade do O2" em participar de reacdes de geragédo de
‘OH, ele pode ainda, por meio da reacdo com o radical livre 6xido nitrico (NO), gerar
peroxinitrito (ONOO"), também potencialmente reativo. A reacdo do ONOO- com o
aminoacido tirosina de proteinas forma a 3-nitrotirosina (3-NT), um importante produto
de modificacdo oxidativa de proteinas, podendo afetar a atividade de enzimas
envolvidas na metabolizacdo de xenobidticos, sinalizacdo celular e enzimas com
potencial antioxidante, como a superoxido dismutase e a ceruloplasmina (HALLIWELL,;
GUTTERIDGE, 2007).

O dano oxidativo ao DNA pode desencadear morte celular ou mutacfes
gue propiciam o desenvolvimento de células cancerigenas. O principal produto do dano
oxidativo ao DNA é a 8-hidroxideoxiguanosina (8-OHdG), formada pela oxidacdo da
base nitrogenada guanina. A ligagdo do OH*®* com a guanina leva a formagéo de um
aduto de DNA, e a abstracdo subsequente de mais um elétron forma a 8-OHdG. A 8-
OHdG sofre tautomerismo ceto-endlico, que favorece o produto na sua forma oxidada,
8-0x0-7,8-diidro-deoxiguanosina (8-oxo-dG). Na literatura, a 8-OHdG e 8-ox0-dG séo
consideradas sinénimos (VALAVANIDIS; VIACHOGIANNI; FIOTAKIS, 2009). O
potencial mutagénico da 8-OHdG € suportado pela perda de especificidade no



27

emparelhamento de bases, na leitura errada de pirimidinas adjacentes, ou na insergcao
de adenina na fita oposta a lesdo. Além disso, a 8-OHdG € um potente agente proé-
oxidante, uma vez que é capaz de gerar radicais *OH, ONOO- e 02 (oxigénio singlet)
(ICHIHASHI et al., 2003). Outras bases de DNA também podem reagir com *OH de uma
maneira semelhante, porém a oxidacdo da guanosina é a lesdo de DNA mais comum,
sendo um biomarcador potencial da carcinogénese devido sua acdo pré-mutagénica
(VALAVANIDIS; VIACHOGIANNI; FIOTAKIS, 2009).

Em condi¢bes fisiolégicas, a maior parte dos radicais livres €
neutralizada por substancias antioxidantes, garantindo a homeostasia. Segundo
Halliwelll e Gutteridge (2007), antioxidante € qualquer substancia que atrasa, previne ou
remove o dano oxidativo a uma molécula alvo. Esta definicdo inclui compostos de
natureza enzimatica e nao enzimatica, como as enzimas superéxido dismutase,
catalase e do sistema glutationa (glutationa peroxidase e glutationa redutase);
substancias queladoras de metais, que previnem o desencadeamento de reacles
oxidativas dependentes de ferro e cobre; e compostos fendlicos que atuam como
removedores de radicais livres. Os principais sistemas geradores de radicais livres e
sistemas antioxidantes in vivo estao representados na figura 5.

Em nivel celular, as ERO podem, direta ou indiretamente, modular as
funcdes de muitas enzimas e fatores de transcricdo através de uma infinidade de
cascatas de sinalizacdo celular e levar ao desenvolvimento de diferentes tipos de
doencas. A acdo das ERO sobre a sinalizacdo celular pode ser positiva ou negativa.
Essas sinalizacGes resultam em mudancas na expressdo génica, que influenciam a
capacidade de sobrevivéncia ou morte da célula. A magnitude e a duracéo do estresse,
bem como o tipo de células envolvidas sdo fatores importantes na determinacdo de
guais caminhos séo ativados, bem como no resultado celular final (HALLIWELL, 2007;
MARTINDALE; HOOLBROK, 2002).
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Figura 5. Balango oxidativo in vivo. Os radicais livres podem ser gerados a partir de processos

inflamatdrios, através do burst respiratério de fagocitos; durante o metabolismo de produtos derivados do
acido araquiddnico; durante a redugcdo do oxigénio na cadeia respiratdria mitocondrial; e pelas enzimas
xantina oxidase e 6xido nitrico sintase. Sdo consideradas substancias antioxidantes as quelantes de ions
ferro; algumas proteinas plasmaticas; enzimas antioxidantes; substéncias de baixo peso molecular, como
a glutationa reduzida; e substancias derivadas da dieta. Quando o equilibrio entre radicais livres e
substancias antioxidantes é perdido, ocorre o estresse oxidativo. NO: Oxido Nitrico; SOD: Superoxido

dismutase. Adaptado de Halliwell, 2011.

O estresse oxidativo € amplamente reportado em pacientes com diferentes
tipos de cancer, tanto em nivel tumoral quanto sistémico (GADJEVA et alL, 2008;
GERBER et al, 1997; GUPTA; BHATT; MISRA, 2009; MANTOVANI et al, 2002; PANIS
et al, 2012a; 2012b; SAINTOT et al, 2002). Em geral, o papel dos radicais livres na
progressdo do cancer é pouco compreendido. Apesar do estresse oxidativo sistémico
ser considerado um bom indicador progndstico em pacientes com cancer (GERBER et
al, 1997; SAINTOT et al, 1996; 2002; SALZMAN et al, 2010), alguns autores afirmam
gue um estado pro-oxidativo, como por exemplo altos niveis de MDA e presenca de

polimorfismos em genes antioxidantes, atua como um fator protetor contra recidivas da
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doenca (AMBROSONE et al, 2005; GAGO-DOMINGUEZ et al, 2007; MARTIN et al,

2006).

1.2.1 Estresse Oxidativo no Melanoma

Durante a melanogénese o controle antioxidante intrinseco é perdido e
ocorre a ativacdo inapropriada de fatores de transcricdo sensiveis ao status redox,
contribuindo para um fenotipo antiapoptotico, e possivelmente contribuindo para a
determinacdo da resisténcia das células de melanoma aos agentes quimioterapicos
(MEYSKENS et al., 2001).

O estresse oxidativo estd altamente associado a transformacéo da
célula sadia em célula cancerosa, além de participar da proliferacdo de células
malignas. Melandcitos normais de pacientes com melanoma, in vitro, apresentam
modificacdes das enzimas antioxidantes SOD e catalase e no conteudo da vitamina E
gue propiciam o aumento do estresse oxidativo, e provavelmente o processo de
malignizacdo (GRAMMATICO et al.,, 1998; PICARDO et al., 1996). Melanomas
primarios e metastaticos apresentam diferentes mecanismos de evasdo do estresse
oxidativo. Ao contrario dos melandcitos, as células de melanoma sdo equipadas com
uma alta capacidade antioxidante, e podem usar essa habilidade para gerar radicais
livres para as células vizinhas ao mesmo tempo em que nao séo atingidas, favorecendo
sua proliferacéo e invasdo (MEYSKENS et al., 2001; SANDER et al., 2003; WITTGEN;
VAN KEMPEN, 2007).

Gadjeva, Dimov e Georgieva (2008) mostraram que pacientes com
melanoma né&o tratado demonstraram aumento do estresse oxidativo sistémico e um
comprometimento do sistema antioxidante. Assim, alteracdes redox em pacientes e em
células de melanoma podem ser um dos fatores responsaveis pela sua fraca resposta
ao tratamento com quimioterapicos e imunoterapicos, uma vez que a maioria dos
guimioterapicos atuam aumentando os niveis de ERO nessas células como indutor de
apoptose (ZHELEVA; GADJEVA, 2001). Nos ultimos anos foi aprovado o tratamento do

melanoma com os anticorpos monoclonais ipilimumabe e vemurafenibe pela FDA (Do
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inglés Food and Drugs Administration). O vemurafenibe possui um rapido beneficio
clinico no tratamento de pacientes com mutacdo no gene BRAF no estadiamento 1V da
doenca, embora haja relatos na literatura do desenvolvimento de resisténcia ao
tratamento apds 6 meses de terapia (ASCIERTO et al., 2013; DAS TAKHUR et al.,
2013). Um trabalho recente mostra que a resisténcia ao vemurafenibe pode estar
relacionada a producdo de ERO pela mitocdndria, com alteragbes nos niveis do
peptideo antioxidante glutationa reduzida (GSH) e de enzimas antioxidantes
intracelulares (KLUZZA et al., 2013).

Células de melanoma, cultivadas in vitro ou implantadas em animais,
apresentam altos niveis do co-ativador do receptor ativado por proliferadores de
peroxissoma gama alfa (PGC1l-alfa). Esta molécula esta envolvida na biogénese
mitocondrial e na desintoxicacdo de ERO, atuando tanto no aumento da respiracao
mitocondrial - com consequente geracdo de ERO - quanto na expressao de numerosas
enzimas antioxidantes. Isso confere uma seletiva vantagem para as células de
melanoma, uma vez que proporciona uma forte protecdo contra danos oxidativos e
morte induzida por ERO (VAZQUEZ et al., 2013). Outro mecanismo de defesa contra o

ERO das células de melanoma é o aumento intracelular da ferritina.

1.3 FERRITINA E CANCER

A ferritina € uma proteina de fase aguda com expressdo aumentada em
estados inflamatorios, infecciosos e no cancer. Niveis aumentados de ferritina no tecido
tumoral tém sido reportados em diferentes tipos de neoplasias, como cancer de colon,
mama e seminoma (STEEGMANN-OLMEDILLAS, 2011). A ferritina é uma proteina
intracelular ligadora de ions ferro, constituida dos subtipos cadeia leve e cadeia pesada.
Devido sua capacidade de ligar ions Fe*? e diminuir sua disponibilidade intracelular, ela
exerce papel antioxidante. A cadeia pesada apresenta atividade ferroxidase importante,
e conseguentemente, é capaz de inibir a apoptose mediada por ERO (AROSIO;
INGRASSIA; CAVADINI, 2009; PHAM et al., 2004). As func¢des gerais das ferritinas de

cadeia leve e pesada estdo representadas na figura 6.



31

Recentemente, Liu e colaboradores (2011) mostraram que o0
silenciamento do gene da ferritina de cadeia pesada em células de glioma e céancer de
mama aumentou a vulnerabilidade dessas a quimioterapia, tanto in vitro quanto in vivo,
através ativacdo da caspase-3. Em humanos, a ferritina de cadeia pesada sérica induz
a proliferacdo de linfocitos T regulatdrios, levando a um estado de imunossupresséo em
pacientes com melanoma, o que favoreceria 0 tumor e promoveria a progressao da
doenca (GRAY, AROSIO; HERSEY, 2003). Metastases de melanoma apresentam alta
expressdo de ferritina de cadeia leve em relagcdo aos respectivos tumores primarios,
mostrando um importante papel dessa molécula na proliferacéo e invasao do melanoma
(BALDI et al., 2005).
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Figura 6. Papel das ferritinas de cadeia leve e pesada no metabolismo intracelular do

ferro. No plasma, o ferro é transportado pela transferrina na forma Fe*3. Ao se ligar ao seu receptor
especifico na membrana das células, o Fe*® é liberado da transferrina e internalizado através do
endossoma, sendo convertido em Fe*? dentro dessa vesicula. No meio intracelular, o Fe*? pode ser
utilizado, como, por exemplo, na sintese do grupamento heme, ou pode ser oxidado a Fe*3 e armazenado
pela FCL (Ferritina de Cadeia Leve). A FCP (Ferritina de Cadeia Pesada) possui atividade ferroxidase e

também atua na etapa de converséo do Fe*? em Fe*3 para incorporacéo na FCL.
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1.4 FATOR TRANSFORMADOR DE CRESCIMENTO BETA E CANCER

O fator transformador de crescimento beta (TGF-beta, do inglés
Transforming Growth Factor Beta) € um ligante secretado por diferentes tipo celulares,
intimamente relacionado a iniciacdo, progressao tumoral e metastase (LEBRUN, 2012).
Existem 3 isotipos de TGF-beta, sendo o TGF-beta 1 mais abundante, e utilizado na
literatura como sinbnimo de TGF-beta. A acdo do TGF-beta se da através de sua
ligacdo a um complexo de receptores composto por receptor de TGF-beta tipo | (TBRI),
tipo Il (TRRII) e tipo Il (TBRII). O complexo de receptores ativados pela ligagédo ao
TGF-beta interage com um grupo de proteinas controladas por fosforilagcdo, as SMAD 2
e SMAD 3 (Do inglés Sma and Mad related proteins). As SMAD 2 e 3 combinam-se com
a SMAD 4, que é translocada até o nucleo, onde se liga a sequéncias especificas dos
genes alvo, regulando a transcricdo génica. As acbes do TGF-beta sdo antagonizadas
pela SMAD 7, que atua interagindo com o TBRI, impedindo a ativagcdo das SMAD 3 e 4
(LEBRUN, 2012).

As isoformas do TGF-beta sao sintetizadas como um complexo latente,
onde o TGF-beta deve ser efetivamente liberado para exercer sua atividade bioldgica.
Embora muitos estudos foquem na regulacdo da transcricdo génica do TGF-beta, a
laténcia parece ser uma etapa critica no controle da sua atividade, e um aumento da
sua expressdo nem sempre esta relacionada a sua atividade bioldgica (GLEIZES et al.,
1997). A ativacdo do TGF-beta latente é dependente de diversos estimulos, como
atividade de enzimas proteoliticas, calor e ERO (LEBRUN, 2012). O sistema
antioxidante tem sido descrito como um fator protetor da ativacdo do TGF-beta em
processos patoldgicos, atuando como um regulador da sua ativacao redox (ISLAM et
al., 1996; THANNICKAL; FANBURG, 2000; BARCELLOS-HOFF; DIX, 1996).

Experimentalmente, o silenciamento do gene TGF-beta 1 resulta em
resposta inflamatoria excessiva, e o tratamento com TGF-beta previne o choque séptico
induzido por LPS (Lipopolissacarideo), além de suprimir o burst respiratorio de
macrofagos ativados (LE et al., 2004; LETTERIO; ROBERTS, 1998). O TGF-beta tem
seu efeito anti-inflamatério antagonizado pela ativacdo do fator de transcricdo NF-xB

(Do inglés Nuclear Factor kappa B). A ativagdo do NF-«B ocorre principalmente por
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acao das citocinas pro-inflamatoérias TNF-alfa (Do inglés Tumor Necrosis Factor alpha)
e IL-1 (Interleucina 1) e ERO, e ele € considerado o principal fator de transcri¢cdo
coordenador da resposta pré-inflamatéria (SUN; ANDERSSON, 2002). O NF-xB atua
como um regulador negativo da acdo do TGF-beta por aumentar os niveis da proteina
inibitéria SMAD 7 (LE et al., 2004; MONTELEONE et al., 2004). Paradoxalmente, o
TGF-beta é capaz de ativar o NF-xB via ativacdo da proteina TAK-1 (Do inglés TGF-
beta Activated Kinase 1), levando a degradacdo da proteina citoplasmatica 1kB-a (Do
inglés Inhibitor kappa B alpha), inibitéria da NF-xB. Porém, como o NF-xkB pode ser
ativado por outros estimulos, o aumento da SMAD 7 suprime preferencialmente a
sinalizacdo canbnica do TGF-beta (FREDLSPERGER et al., 2013). A interacdo entre

essas duas vias encontra-se ilustrada na Figura 7.
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Sinalizagdo do TGFB Sinalizagdo do NF-xB
Antiproliferagdo celular Proliferagdo celular

Supressao tumoral Sobrevivéncia
Anti-inflamatério Inflamagéo

Figura 7. Interacdo entre as vias de sinalizagdo do TGFB e NF-«kB. O TGFB (Do inglés

Transforming Growth Factor Beta) ativa a sinalizacdo do NF-xB (Do inglés Nuclear Factor kappa B)
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através da regulacédo das quinases TAK-1 (Do inglés TGF-beta Activated Kinase 1) e IKK (Do inglés |xB
Kinase) levando a fosforilacdo do IkB-a (Do inglés Inhibitor kappa B alpha), translocacdo nuclear e
fosforilacdo da subunidade p65 do NF-kB. Tanto a sinalizacdo do TGF-f quanto do NF-kB induzem a
sintese de SMAD 7, que suprime preferencialmente a via candnica de sinalizacdo do TGF- e a
sinalizacdo nao-candnica do NF-kB, comparado a via de ativagdo candnica do NF-xB pelo TNF-a (Do

inglés Tumor Necrosis Factor Alpha). Adaptado de Fredlsperger et al., 2013.

No cancer, a acdo do TGF-beta € complexa, agindo desde a inibicdo do
crescimento celular até a migracdo e invasdo das células tumorais. O efeito de
supressdo tumoral sobre células malignas de origem epitelial, endotelial, miel6ide e
linféide € bem caracterizado, porém no melanoma, cujo o melanécito possui origem
embriondria da crista neural, os efeitos supressores e pré-metastaticos ainda séo
controversos (LEBRUN, 2012; MOUSTAKAS, 2008; SCHRIEK at al., 2005). Nos
melandcitos, o TGF-beta apresenta um forte efeitos antiproliferativo (JAVELAUD;
ALEXAKI; MAUVIEL, 2008). Evidéncias apontam que o TGF-beta pode inibir o
crescimento e a migracao tumoral de células de melanoma murino in vivo, e também de
células de melanoma humano in vitro, embora o TGF-beta plasméatico esteja
aumentado em pacientes com melanoma em todos os estagios da doenca (HUMBERT;
LEBRUN, 2013; KRASAKIS et al., 1998; MALAPONTE et al., 2010; RAMONT et al.,
2003).

O TGF-beta, assim como a inflamacdo e o estresse oxidativo estdo
relacionados com a promocao e progressao do cancer, porém essa relacdo é pouco
compreendida na evolucdo do melanoma. Uma vez que o TGF-beta é secretado in vitro
por leucdcitos, é possivel assumir que in vivo os leucécitos também podem secretar
TGF-beta no plasma, embora ainda ndo exista evidéncias concretas desse fato
(GRAIGER; MOSEDALE; METCALFE, 2000). A presenca do TGF-beta, principalmente
0 TGF-beta 2 no tecido tumoral de melanoma humano, é reportada na literatura, sendo
sua expressao ainda maior em tumores metastaticos (SCHIMID; ITIN; RUFLI, 1995;
VAN BELLE et al., 1996; MORETI et al., 1999). Tanto o TGF-beta 1 quanto o TGF-beta

2 estdo aumentados no plasma de pacientes com melanoma metastatico, e 0s niveis
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séricos de TGF-beta 1 estd correlacionada com os niveis tumorais dessa citocina
(KRASAGAKIS et al., 1999; MALAPONTE et al., 2010).

Recentemente, Humbert e Lebrun (2013) mostraram um papel protetor do
TGF-beta na migragéo e invaséo de células de melanoma humano, in vitro, por regular
positivamente o IAP-1 (Inibidor da Ativagdo do Plasminogénio-1). Em um modelo de
melanoma experimental, o0 TGF-beta foi capaz de diminuir o processo metastatico in
vivo (RAMONT et al., 2003). Uma evidéncia de que o TGF-beta pode atuar como
protetor no cancer seria um recente trabalho que mostra que pacientes com cancer de
mama triplo negativo e com metastases apresentam baixos niveis de TGF-beta
circulante, relacionado a um ruim prognostico (PANIS et al., 2013).

Embora ainda pouco explorados no melanoma, o estresse oxidativo e
moléculas relacionadas com o equilibrio redox, como as envolvidas no metabolismo do
ferro e na resposta inflamatoria, exercem importante papel na progressdo em diversos
tipos de cancer. O estudo dessas moléculas pode auxiliar no desenvolvimento de

tratamentos eficazes para o melanoma disseminado, até entédo, incuravel.
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2 OBJETIVO

Caracterizar biomarcadores oxidativos e relacionados no sangue e no

tecido tumoral de pacientes com melanoma cutaneo e melanoma metastatico.

2.1 OBJETIVOS ESPECIFICOS

A)Artigo 1: Caracterizar o estresse oxidativo sistémico e tumoral e parametros
inflamatérios sanguineos em pacientes com melanoma estagios | e Il, com
resseccao cirurgica do tumor entre 6 meses e 5 anos, de acordo com a
medida T (do inglés thickness, que significa espessura do tumor)

estabelecida pelo Comité Americano de Cancer.

B) Artigo 2: Caracterizar os niveis sistémicos de ferritina de cadeia pesada (FCP)
e de ferritina de cadeia leve (FCL), a lipoperoxidacdo de hemacias, e a
expressdo de FCP e p53 no tecido tumoral de pacientes com melanoma
cutédneo com baixo risco de recidiva, com alto risco de recidiva, e com doenga

recidivada.

C) Artigo 3: Caracterizar o estresse oxidativo sistémico, marcadores plasmaticos
de doenca avancada e os niveis de TGF-B circulante em pacientes com
melanoma sem recidiva em um periodo de 3 anos, e em pacientes com

melanoma recidivado.
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3 CONCLUSOES GERAIS

e Pacientes com melanoma cutdneo apresentam alteracdes de
parametros de estresse oxidativo sistémico quando comparado a individuos saudaveis,
evidenciado pelo aumento do MDA plasmatico, mesmo ap6s a remocao cirargica do
tumor. Quanto maior a medida de espessura de Breslow do tumor primario, maiores os
niveis sistémicos de MDA e de PCR nesses pacientes. No tecido tumoral de melanoma
cutédneo, o aumento da expressao de 3-NT nas células tumorais e no microambiente de
tumores com Breslow > 2 mm indica que o melanoma é capaz de induzir estresse
oxidativo no tecido saudavel ao redor. Essa evidéncia pode ser considerada uma das
causas do maior risco de recidiva da doenga em pacientes com tumores > 2 mm, uma
vez que o estresse oxidativo esté relacionado ao processo de invasao e migracdo das

células tumorais.

e Embora as células tumorais de melanoma expressem FCP, 0s niveis
dessa proteina ndo sdo estatisticamente significativos entre os diferentes estagios da
doenca. A expressao de p53 encontra-se aumentada em tumores metastaticos quando
comparados a tumores com Breslow < 2 mm. Os niveis sistémicos de FCP apresentou-
se aumentado somente nos grupos com alto risco de recidiva e com recidiva quando
comparados ao grupo controle, embora todos os pacientes com melanoma terem

apresentado aumento na relacdo FCP:FCL em relagc&o ao grupo controle.

e Pacientes com doenca recidivada apresentam menores niveis de
TGF-f circulantes quando comparado a individuos saudaveis, correlacionado a maiores
niveis de MDA e AOPP, indicando um possivel papel pré-inflamatério dessa citocina

quando presente em baixas quantidades.

e Os resultados encontrados mostram a participagdo do estresse
oxidativo em diferentes estagios do melanoma, bem como a interagcdo com outras
biomoléculas envolvidas na resposta inflamatoria e bioquimica, como a PCR, ferritinas

de cadeia pesada e leve e TGF-B. Quanto maior a espessura de Breslow e
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agressividade da doenca (alto risco de recidiva e doenca recidivada), mais evidentes

séo as alteracdes nesses pacientes.

¢ Os dados obtidos acrescentam uma nova perspectiva sobre o estado
redox em pacientes com melanoma e seu possivel envolvimento com a evolucao da
doenca, que podem auxiliar no desenvolvimento de estratégias clinicas para a detecgéo

precoce do melanoma avancgado.
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Abbreviations: ALM, acral lentiginous melanoma; CRP, C-reactive protein; GSH,
reduced Glutathione; IL-1B, interleukin-1 beta; MDA, malondialdehyde; NM, nodular
melanoma; OS, oxidative stress; SOD, superoxide dismutase; SSM, superficial
spreading melanoma; TNF-a, tumor necrosis factor alpha; TRAP, total radical-trapping

antioxidant parameter.
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ABSTRACT

Breslow thickness is highly related with melanoma aggressiveness. Here, we evaluate
Breslow’s influence in systemic and tumoral oxidative status in surveillance patients with
melanoma. A total of 43 patients with cutaneous melanoma, and 50 healthy volunteers
were recruited. Patients were divided in two groups according to tumor Breslow
thickness: T1/T2 (< 2 mm) and T3/T4 (= 2 mm). Systemic oxidative stress and three
inflammatory mediators in the blood were analyzed. 3-nytrotyrosine was measured by
immunohistochemistry in 28 tumor tissues from patients with melanoma, with or without
recurrence, participants in the study of systemic oxidative stress evaluation or not.
Patients showed decreased GSH, increased malondialdehyde, thiol and total radical-
trapping antioxidant parameter : uric acid ratio levels. C-reactive protein (CRP), an
inflammatory marker, and y-glutamyl transferase were increased only in T3/T4 group.
High Breslow tumors presented more 3-nytrotyrosine expression, and no relationship
was found between 3-nytrotyrosine and the neoplasm recurrence. Even in surveillance,
melanoma patients had high systemic oxidative stress, and the tumor thickness
correlates with CRP and malondialdehyde levels. High Breslow melanoma had
increased 3-nytrotyrosine, but tumoral oxidative stress is not related to the disease

recurrence.

Keywords: Melanoma, Neoplasm recurrence, Oxidative stress, Inflammation,

Immunohistochemistry, 3-nitrotyrosine, Breslow tickness.
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INTRODUCTION

Cutaneous melanoma is one of the most aggressive solid tumors, with origin in
epidermal melanocytes. When diagnosed early, melanoma is curable by surgery, with
80 percent of patients relapse free 10 years after surgery (Korn et al, 2008). Besides,
the risk of recurrence after cutaneous melanoma removal remains for years, making
post-treatment follow-up an important component of cancer care (Hohnheiser et al,
2011). The surveillance period recommended in melanoma is 5 years, but it could be
extended to 10-15 years (Balch et al, 2009; Bichakjian et al, 2011; Dummer et al, 2008;
Garbe and Eigentler, 2007; Rychetnik et al, 2012).

One of the most accepted correlation among tumor characteristics and
aggressiveness in cutaneous melanoma is Breslow thickness, where high tumor
thickness values at diagnosis was strongly indicative of melanoma recurrence and death
even after longer disease free interval (Bichakjian et al, 2011; Breslow, 1970; Soong et
al, 1992). In two years surveillance period, patients with Breslow > 2.5 mm have chance
of recurrence starting from 23% and death from 14% (Soong et al, 1992).

Oxidative stress is a disruption of redox signaling and control, and is involved in
the pathophysiology of several human diseases (Jones, 2006). Systemic oxidative
stress (OS) is widely reported in patients with different types of cancer, and are closely
related with chronic inflammation in this disease (de Cavanagh et al, 2002; Gadjeva et
al, 2008; Gerber et al, 1997; Gupta et al, 2009; Mantovani et al, 2002; Panis et al,
2012a; 2012b; Reuter et al., 2010; Saintot et al, 2002). In general, the role of OS in
cancer progression is still poorly understood. Besides systemic OS is considered bad

prognosis in patients with cancer (Gerber et al, 1997; Saintot et al, 1996; 2002; Salzman
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et al, 2010), some authors related pro-oxidative status, such as high systemic
malondialdehyde (MDA) levels, and polymorphisms in antioxidant genes, as protective
factor to cancer recurrence (Ambrosone et al, 2005; Gago-Dominguez et al, 2007;
Martin et al, 2006).

Once high Breslow thickness is associated with aggressiveness and increased
risk of disease recurrence, our aim were to characterize systemic OS and related
biomarkers in patients in surveillance of melanoma according to tumor Breslow. In a
second step, in order to understand OS influence in melanoma recurrence, we also
evaluated OS in tumor samples — belonged to patients participants of systemic OS

evaluation or not - through the expression of protein oxidation biomarker 3-nitrotyrosine.

MATERIALS AND METHODOS

Sample collection and study design

First, 43 patients between 24 to 71 years old in surveillance of cutaneous
melanoma were recruited at the Londrina Cancer Hospital between April 2011 and
November 2012. All patients had localized primary cutaneous melanoma stages | or I,
with surgical removal between 6 months and 5 years, no recurrence episode, and were
non-smoking or in antioxidant therapy treatment, not obese and with no hepatic, cardiac
or renal dysfunction present. Control group comprised 50 healthy women and men
volunteers, between 21 to 74 years old, non-smoking, not obese or in antioxidant
therapy, and none had previous history of any type of cancer. This study was approved

by the Research and Ethics National Council (CAAE 5831.0.000.268.10). Patients were
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allocated into two groups according to Breslow thickness: T1/T2 (Breslow thickness < 2
mm, 24 patients) and T3/T4 (Breslow thickness = 2 mm, 19 patients), as classified in
TNM thickness category set by American Joint Committee on Cancer classification for
melanoma (Balch et al, 2009). Venous blood was collected and an aliquot of heparinized
blood was used to determine hemoglobin (Coulter STKS®, Hialeah, USA). The blood
was centrifuged at 1,100 x g, separated plasma or serum were immediately frozen at -
20°C and erythrocytes were immediately processed for antioxidant enzymes and
reduced glutathione (GSH) measurement. The characteristics of the sample included in
the systemic OS study are outlined in Table 1. We also evaluated the relationship
between tumor thickness, tumor oxidative stress and recurrence in melanoma cells
through 3-nitrotyrosine immunohistochemistry in 28 paraffin-embedded cutaneous
melanoma obtained from database of the Department of Pathology at the Londrina
Cancer Hospital. In the analysis of tumor oxidative stress, not all tumors belonged to the
patients analyzed in the first step of this study. Here, comparisons were performed as
follows: tumors with Breslow thickness < 2 mm x Breslow thickness > 2 mm and tumors

with no recurrence in 3-years period x tumors with recurrence in 3 years period.

Serum and plasma biochemical analysis

Serum gamma-glutamyltranspeptidase was automatically performed in
Dimension RxL® (Dade Behring/Siemens Healthcare Diagnostics, Dade Behring,
Deerfield, USA), and results expressed in U x L't. C-reactive protein (highly sensitive

CRP) was measured using a nephelometric assay (Behring Nephelometer IlI, Dade



59

Behring, Marburg, Germany) and results expressed in mg x L™1. Plasmatic uric acid was
performed by uricase method using a commercial kit (Laborclin®), and analyzed with a
Multiskan GO® microplate reader (Thermo Fisher Scientific, Rockford, USA) at 510 nm,
and results expressed in mg x dL.

Plasma tumor necrosis factor (TNF-a) and interleukin 1-beta (IL-1B) levels were
determined by a sandwich enzyme-linked immunosorbent assay (ELISA), according to
the manufacturers' instructions (eBioscience®) at 450 nm. The results were expressed

as pg x mL2.

Oxidative stress parameters

Total radical-trapping antioxidant parameter (TRAP) of plasma was determined
as described by Repetto et al. (1998) modified by Panis et al (2012a).
Chemiluminescence curves were obtained in a GloMax® luminometer 20/20 (Promega,
Madison, USA), and the results are expressed in uM of Trolox.

Total thiols in plasma were measured by the method of Hu (1994) at 412 nm with
a microplate reader. Total thiol groups were calculated using a calibration curve
prepared by GSH (Sigma Aldrich®). Results were expressed in uM of thiol.

Plasma MDA was measured by High-performance liquid chromatography in a LC-
20AT® HPLC system (Shimadzu, Kyoto, Japan), as described by Victorino et al. (2012).
Readings were obtained at 535 nm over 11 min at a flow rate of 0.8 mL/minute at 35°C,

and results were expressed as nM of MDA.
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Erythrocytes antioxidant analysis

Erythrocytes were obtained from heparinized blood and washed three times with
0.9% saline solution at 4°C. Catalase activity was determined as described by Aebi
(1984) modified by Panis et al (2012a). Absorbance disappearance kinetics was
monitored in UV-1650 PC® UV-vis spectrophotometer at 240 nm (Shimadzu, Kyoto,
Japan). The results are expressed in absorbance decreased in 1 minute (Absorption)
per g Hemoglobin x 103.

Superoxide (SOD) activity was determined according to the method of Marklund
and Marklund (1974) modified by Panis et al (2012a), at 420 nm. Final SOD results were
expressed in U per g Hemoglobin x 103,

Total glutathione levels were determined with 30 pL of diluted erythrocytes at a
ratio 1:100 in deionized water and incubated with 5, 5'-dithiobis (2-nitrobenzoic acid) 60
UM in 1 M TRIS buffer according to the method described by Tietze (1969). Kinetic
curve was measured at 412 nm for 3 minutes in UV-vis spectrophotometer. The results

were expressed in UM per g hemoglobin x 103,

Immunohistochemistry

The paraffin-embedded tumors were submitted to immunohistochemical analysis.
Briefly, 3-um-thick sections mounted on sylane-coated slides (Sigma Aldrich®) were
deparaffinized, rehydrated, immersed in 10 mmol x L? citrate buffer, pH 6.0, and
submitted to heat-induced epitope retrieval using a vapor lock for 45 min. The slides

were rinsed with phosphate-buffered saline (PBS) and immersed in 3% hydrogen
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peroxide for 20 min to block endogenous peroxidase. Non-specific protein binding was
blocked with normal serum (Vectastain Elite ABC Kit, Universal, Vector Laboratories
Inc.®) for 30 min. The sections were then incubated with monoclonal primary antibodies
specific for 3-nitrotyrosine 1:100 (clone HM11, Santa Cruz Biotechnology, Inc.®) for 2
hours at room temperature (25°C) in a humid chamber. Following washes in PBS,
biotinylated pan-specific universal secondary antibody (Vectastain Elite ABC Kit,
Universal, Vector Laboratories Inc.®) was applied for 30 min. Next, the slides were
incubated with the avidin—biotin—peroxidase complex (Vectastain Elite ABC Kit,
Universal, Vector Laboratories Inc.®) for 30 min and developed with NovaRed kit (Vector
Laboratories Inc.®) for 5 min. The slides were counterstained by Giemsa, dehydrated
and mounted with Permount (Biomeda®). As negative controls, all specimens were
incubated with an isotope-matched control antibody under identical conditions. The
immunolabeling was considered to be positive when distinct fuchsia staining was
present homogenously. The percentage of positive cells was obtained blindly, for each
case, by two of the authors (LZR and SSB) at ten representative higher-power field
(x400). For statistical purposes, the samples were scored as follows: -, Nonstainer; +,
Non-majority stainer (< 10% per field); ++, Stainer (10-50% per field); +++, Majority-

stainer (> 50% per field).

Statistical analysis

Comparisons were performed as follows: Control x T1/T2 group and Control x

T3/T4 group. All data are expressed as arithmetic means and standard errors of means
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(SEM). The Shapiro-Wilk W test verified the normality of the data. For quantitative
analysis, data with normal distribution were compared by t-test and data with non-
normal distribution by Mann-Whitney test. The median of age in the groups was
analyzed by One-way ANOVA with Tukey’s post test. Pearson's correlation test was
used in data with normal distribution and Spearman’s correlation test in data with non-
normal distribution. Qualitative data were measured by Chi-square (X?) or Fisher’s test.
Differences were considered statistically significant when p<0.05. All the statistical

analyses were performed using Graphpad Prism® version 5.0 (GraphPad Software).

RESULTS

Table | shows characteristics of studied subjects. There were no significant
difference in age, gender, Fitzpatrick skin classification, surgical removal tumor time and
location of tumor among groups. The Fitzpatrick Skin Phototype Classification (FSPC) is
the most commonly used measure of skin type, and classifies a person's complexion
and their tolerance of sunlight. In questionnaire-based surveys, self-rated FSPC is often
used as a measure of respondents’ skin type (Fitzpatrick, 1988). The patients with more
invasive tumors (T3/T4 group) showed increased severe sunburn history, contrasting
from control and T1/T2 groups. The histologic type of tumor differs statistically between
melanoma groups, it being evident the predominance of Superficial Spreading
Melanoma (SSM) type in T1/T2 group, and Nodular melanoma (NM) and Acral
Lentiginous Melanoma (ALM) in T3/T4 group. As expected, Breslow thickness were

lower in T1/T2 in relation to T3/T4 group. All p and X? values are presented in Table I.
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Figure 1a shows increased CRP levels in T3/T4 group (T1/T2: 2.714+0.508 mg x
L1, p=0.686; T3/T4: 5.553+£1.150 mg x L, p=0.0229; Control: 2.410+0.304 mg x L)
and no alterations in IL-1B (Figure 1b) (T1/T2: 8.626+1.147 pg x mL%, p=0.100; T3/T4:
7.205+£1.203 pg x mL?, p=0.8255; Control: 8.339+1.254 pg x mL™?) and TNF-a levels
(Figure 1c) (T1/T2: 14.44+2.825 pg x mL?, p=0.4738; T3/T4: 19.03+3.612 pg x mL™,
p=0.9081; Control: 19.36+2.508 pg x mL™). Erythrocyte antioxidant enzymes SOD
(T1/T2: 7.376+0.479 U SOD / g Hb x 103, p=0.2730; T3/T4: 9.037+1.026 U SOD / g Hb x
103, p=0.9531; Control: 8.551+0.499 U SOD / g Hb x 10% and catalase (T1/T2:
10.23+0.603 Absorption/ min/ g Hb x 103, p=0.9097; T3/T4: 10.74+0.653 Absorption/
min/ g Hb x 103, p=0.6761; Control: 10.70+0.534 Absorption/ min/ g Hb x 10% no

showed significant difference to respective control groups (Figures 1d and 1e). Figure 1f

shows a decreased erythrocyte GSH levels in both melanoma groups (T1/T2:
80.2746.836 uM x g Hb1, p=0.0006; T3/T4: 73.064+5.227 uM x g Hbt, p=0.0005) than in
control group (169.3+23.02 uM x g HbY).

Significantly higher levels of plasma MDA were found in both groups of
melanoma patients in surveillance (T1/T2: 281.2+17.36 nM, p=0.0001; T3/T4:
377.9+36.15 nM, p<0.0001) than in control group (191.7£15.01 nM) (Figure 2a).
Melanoma patients also presented increased plasma Thiol levels (T1/T2: 207.2+7.514
UM, p=0.0482; T3/T4: 217.5£11.39 puM, p=0.0097) than in control group (190.1+4.662
uM) (Figure 2b). In addition, gamma-glutamyltranspeptidase levels are increased in
T3/T4 group compared to control group levels (T1/T2: 39.52+4.304 U x L, p=0.1819;

T3/T4: 53.4448.105 U x L1, p=0.0211; Control: 33.82+2.954 U x L) (Figure 2c). Figure
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2d and 2e shows no significant difference in TRAP (T1/T2: 38.31+4.209 uM Trolox,
p=0.118; T3/T4: 35.72+4.469 uM Trolox, p=0.1969; Control 30.38+2.70 uM Trolox) and
uric acid levels (T1/T2: 6.445+0.174 mg x dL?, p=0.1787; T3/T4: 6.410+0.203 mg x dL,
p=0.1818; Control: 6.770+0.144 mg x dL?), although decreased TRAP:uric acid ratio
was found in both melanoma groups in relation to control group (Figure 2f) (T1/T2:
5.90+0.6246, p=0.0480; T3/T4: 6.125+0.7130, p=0.0321; Control: 4.45+0.3504). Positive
correlations were found in Breslow thickness x plasma MDA levels and Breslow
thickness x serum CRP levels (See table 2).

The characterization of tumor samples used in immunohistochemical analysis
was presented on Table 3. In the 28 samples analyzed, sixteen were classified as SSM,
six as NM, four as ALM and two were not classified (NC). Ten of sixteen SSM had
Breslow thickness < 2 mm, all NM had Breslow thickness > 2 mm and Breslow < 2 mm
or > 2 mm had equal distribution in ALM. About 50% of SSM and NM (Nodular
Melanoma) were positive for 3-nytrotyrosine, and 100% of ALM was positive for 3-
nytrotyrosine. Figure 3 shows semi-quantitative Immunohistochemistry for 3-
nytrotyrosine increased nitrated protein in high Breslow thickness cutaneous melanoma
compared to thin Breslow samples, predominantly in collagen fibers on dermis (X? =
7.169; p = 0.0277) (Figure 3a and 3b). No statistical significant difference (X2 = 0.566; p
= 0.7536) was found when compared cutaneous melanoma with no recurrence in 3-
years period and cutaneous melanoma with recurrence in 3-years period after surgical

tumor removal (Figure 3c and 3d).

DISCUSSION
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The difference found in primary tumor histological type and Breslow thickness
among the melanoma groups was expected, once NM melanoma and ALM are more
invasive. Together with red hair, numbers of nevi and hereditary melanoma, sun
exposure is one of the risk factors for the disease development (Erdmann et al, 2012).
The sun exposure as risk of melanoma is associated specifically with sunburn, and a
history of severe sunburns mainly during childhood and adolescence increases
significantly the risk (Erdmann et al, 2012; Gilcherest et al, 1999; Veiergd et al, 2010). In
this study, most of patients with melanoma reported severe sunburn history in these life
periods.

Malignant melanoma is an explored cancer but it lacks the understanding when it
concerns OS. It is know that OS is present in melanoma tissue and melanoma cells
isolated from patients. Sander et al (2003) showed an increase of enzymatic antioxidant
defenses, Cu-ZnSOD, Mn-SOD and catalase in melanoma skin biopsies. Furthermore,
the higher the tumor invasion, more glutathione S-transferase activity was found in
human melanoma cells, and alterations in SOD and catalase activities were involved in
malignant transformation of melanocytes (Grammatico et al, 1998; Nogués et al, 2002).

Our findings showed that even after surgical removal of the primary tumor, an
important systemic oxidative alteration in melanoma patients occurs, and that the higher
Breslow thickness, higher is the 3-nytrotyrosine expression in tumoral tissue. Patients
with melanoma have high systemic Mn-SOD levels in plasma, and as the disease
advances, higher are these levels (Schadendorf et al, 1995). Furthermore, Gadjeva et al
(2008) showed that the activity of erythrocyte antioxidant enzymes, catalase and SOD,

increased and decreased, respectively, even after 20 days of melanoma surgical
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removal, while plasmatic thiobarbituric acid-reactive substances (TBARS) was increased
only before surgery.

Our results, on the other hand, showed that, in erythrocytes, SOD and catalase
content did not change, and only GSH reduction was significant when compared to
healthy volunteers. Similar GSH results were found in studies with breast cancer
patients. While Yeh et al (2005) showed 60% decreased in erythrocytes GSH levels in
all breast cancer patients studied Panis et al (2012a) found GSH reduction only in
patients in early stages of disease. Furthermore, even after surgical tumor removal,
patients with breast cancer showed a GSH decrease of about 90% in platelets
(Kedzierska et al, 2012). In diseases associated with increased systemic production of
ROS there were erythrocytes GSH depletion (Pace et al, 2003), and in this study, high
increased plasma MDA levels supports the result found.

MDA is one of the most frequently used indicators of lipid peroxidation, and can
be used as OS indicator. MDA is the final breakdown product of the major chain
reactions leading to oxidation of polyunsaturated fatty acids (Bartsch and Nair, 2004;
Halliwell and Gutteridge, 2007). Since pro-inflammatory status increased availability of
polyunsaturated fatty acids, an increase in MDA levels was expect in inflammatory
diseases, like cancer (Bartsch and Nair, 2004). Plasma thiol groups are represented
mainly by proteins and by a smaller part from free-SH group containing substances
(Halliwell and Gutteridge, 2007). Increased thiols in plasma of both melanoma groups
can indicate a modulated response front enhanced MDA levels. Once gamma-
glutamyltranspeptidase represents an important role for the intracellular re-synthesis of
GSH, the enzyme enhancement on T3/T4 patients may occur as compensatory

mechanism to decrease intracellular GSH or to correspond the enhanced extracellular
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thiols levels (Lee et al, 2004). No alterations were found in TRAP and uric acid levels in
cutaneous melanoma groups, despite TRAP:uric acid ratio was enhanced in both
groups. Usually, uric acid is the major contributor to the total antioxidant capacity of
plasma (Halliwell and Gutteridge, 2007), and the increase of this ratio indicates the
presence of other low-molecular-weight antioxidants mobilized to plasma, such as thiol
proteins, as shown.

An inflammatory biomarker on serum in cancer disease is CRP, which is
synthesized by the liver following pro-inflammatory stimuli (Heikkila et al, 2007). Our
results show increased serum CRP levels only in T3/T4 group, where Breslow thickness
> 2 mm, supports the inflammatory status in these patients. Findeisen et al (2009)
showed that CRP was related with high risk of melanoma recurrence, and combined
with serum amyloid A protein, CRP increased prognostic impact in early-stage patients,
helping to discriminate low-risk recurrence patients from high-risk recurrence patients.
High plasma pro-inflammatory cytokines, like IL-1B and TNF-a, are found in untreated
patients in all stages of the disease (Neagu et al, 2013; Yurkovetsky et al, 2007). In our
study, no difference in plasma IL-18 and TNF-a were found in surgically treated patients.
We found a moderate correlation in Breslow and CRP levels and a weak but statistically
significant correlation in Breslow thickness and plasma MDA levels, indicating that the
higher the primary tumors Breslow,higher is the systemic inflammation and OS.

To evaluate tumor Breslow influence in OS in tumoral tissue and the possible role
in the melanoma recurrence, we also measured 3-nytrotyrosine by
immunohistochemistry. 3-nytrotyrosine is a product from peroxynitrite (ONOO") - formed

by nitric oxide (NO*®) reaction with superoxide (O2°*) — with tyrosine residues of proteins



68

(Halliwell and Gutteridge, 2007). Thus, the occurrence of 3-nytrotyrosine in tissues is a
marker of peroxynitrite formation, therefore, the presence of NO*and Oz* (Ischiropoulos
et al, 1992). We found a increase of 3-nytrotyrosine expression in high than thin
melanoma, but no there was no statistical significance when was compared to
cutaneous melanoma with no recurrence in 3-years period and with recurrence in 3-
years period. Furthermore, we observed enhanced 3-nytrotyrosine expression mainly in
dermis in patients with Breslow > 2 mm, indicating elevated OS in tumor surrounding
tissue. Moreover, the 100% (4/4) ALM tumors positive for 3-nytrotyrosine could be
related with increased aggressiveness and poor prognosis of this melanoma histological
type (Bello et al, 2013). Evidences points 3-nytrotyrosine is not expressed in normal
skin, so, we believe that 3-nytrotyrosine non evaluation it is not a limitation for our
results (Terra et al., 2012).

Melanoma cells are equipped with a high antioxidant capacity compared to cells
of surrounding tissue, and might use their ability to generate ROS for damaging them
and thus supporting tumour progression and metastasis (Meyskens et al, 1999; 2001;
Sander et al, 2003). Although no statistical evidence was found in no recurrence and
recurrence groups, increased ROS in surrounding tissue in high Breslow melanomas
supports disease aggressiveness in patients with ticker tumors (Soong et al, 1992;
1998).

Up to date, it is the first report that relates alterations in systemic OS and related
biomarkers according to primary tumor Breslow thickness, even after surgical removal of
cutaneous melanoma. Furthermore, CRP was altered in high risk recurrence patients

(Cutaneous melanoma Stage II; T3/T4 group), and together with MDA results correlates
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positively with tumor thickness. We also showed increased OS in tumor environment
and surrounding tissue in high Breslow thickness melanoma. Despite that no statistic
correlation between 3-nytrotyrosine expression and tumor recurrence was found, this
point deserves further studies for possible use of this oxidized protein as biomarker for
melanoma prognosis, once it is more expressed in thick tumors.

We believe this is a new research area in cancer prognosis, once there are few
reports of oxidative and inflammatory profile after tumor removal in cancer patients and
their relationship with disease prognosis. Now that is showed OS involvement in patients
with cutaneous melanoma, more robust studies are needed to understand the role of

free radicals and their products in tumor recurrence mechanisms and aggressiveness.
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LEGENDS OF FIGURES

Figure 1. (a) Plasma C-reactive protein levels; (b) Plasma IL-18 levels; (c) Plasma TNF-
a levels; (d) Erythrocyte superoxide dismutase; (e) Erythrocyte catalase; and (f)
Erythrocyte GSH levels in cutaneous melanoma patients after surgical tumor removal.
Results are expressed in mean £ SEM. T1: Breslow thickness < 1.0 mm; T2: Breslow
thickness 1.01-2.0 mm; T3: Breslow thickness 2.01-4 mm; T4: Breslow thickness > 4

mm. Groups were compared with control group by Mann-Whitney test.* p<0.05.

Figure 2. (a) Plasma malondialdehyde levels; (b) Plasma Thiol levels; (c) Plasma
gamma-glutamyl transferase; (d) Plasma Total radical antioxidant parameter levels; (e)
Plasma Uric-acid levels; and (f) Total radical antioxidant parameter and Uric-acid ratio
in cutaneous melanoma patients after surgical tumor removal. mean + SEM. T1:
Breslow thickness < 1.0 mm; T2: Breslow thickness 1.01-2.0 mm; T3: Breslow thickness
2.01-4 mm; T4: Breslow thickness > 4 mm. Groups were compared with control group

by t-test in B, D, E, F and by Mann-Whitney in A and C analysis.* p<0.05.

Figure 3. Immunohystochemistry analysis of 3-nytrotyrosine in cutaneous melanoma
tumors. (a) 3-nytrotyrosine in cutaneous melanoma with Breslow < 2 mm, case 13; (b) 3-
nytrotyrosine in cutaneous melanoma with Breslow > 2 mm, case 18; (c) 3-nytrotyrosine
in cutaneous melanoma with no recurrence in 3 years period, case 23; (d) 3-
nytrotyrosine in cutaneous melanoma with recurrence in 3 years period, case 22. Data

were compared by X? test.* p<0.05.
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TABLES

Table 1. Characteristics of studied subjects in systemic oxidative stress and related

biomarkers evaluation

Control T1/T2 T3/T4 p value

(n=50) (n=24) (n=19)
Age (mean + SEM) 54.5+1.8 54.9+2.4 55.7+£3.2 0.9236
Gender 0.1033
Male 11 (22.0%) 6 (25.0%) 9 (47.4%)
Female 39 (78.0%) 18 (75.0%) 10 (52.6%)
Fitzpatrick skin classification 0.6085
1N 15 (30.0%) 5(20.8%) 4 (21.0%)
H/AVIV 35(70.0%) 19 (79.2%) 15 (79.0%)
Severe sunburn history 0.0018*
No 29 (58.0%) 10 (41.7%) 2 (10.5%)
Yes 21 (42.0%) 14 (58.3%) 17 (89.5%)
Surgical removal tumor time 0.1161
< 2 years - 13 (54.2%) 15 (78.9%)
2 - 5years - 11 (45.8%) 4 (21.1%)
Breslow (meant+SEM) 1.16+0.092  4.14+0.43 <0.0001*
Histological type 0.0173*
SSM - 20 (83.3%) 8(42.1%)
NM - 2 (8.35%) 7 (36.8%)
ALM - 2(8.35%) 4 (21.1%)
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Location 0.7155
Lower extremities - 7 (24.1%) 7 (36.8%)
Upper extremities - 4 (16.7%) 5 (26.3%)
Trunk - 9 (37.5%) 5 (26.3%)
Head/neck - 4 (16.7%) 2 (10.6%)

Quantitative data were evaluated by Chi-square or Fisher's test, and quantitative
data by One-way ANOVA test with Tukey’s post test or t'test. p< 0.05 was considered
significant. X? values: gender 2.571; Fitzpatrick skin classification 0.993; Severe
sunburn history: 12.66; Histogenetic type: 8.116; Location: 1.358. SSM: Superficial
spreading melanoma; NM: Nodular melanoma; ALM: Acral lentiginous melanoma.

Breslow thickness was measured in millimeters.



Table 2. Correlation of Breslow thickness and oxidative

cutaneous melanoma patients

82

stress parameters in

Correlation

R-value p-value
Breslow thickness x C-reactive protein 0.3604 0.0191*
Breslow thickness x MDA 0.3176 0.0404*
Breslow thickness x Thiol 0.0149 0.9432
Breslow thickness x TRAP : Uric-acid 0.0302 0.8477

MDA: malondialdehyde. TRAP: Total radical antioxidant parameter. * Statistical

significant difference (p < 0.05).
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Table 3. Cutaneous melanoma tumors characteristics and 3-nitroyrosine (3-NT)

immunohystochemistry score

No Histogenetic Breslow 3-NT Recurrence
type tickness (3 years)
1 SSM 15 - Yes
2 NC 15 ++ No
3 NC 1.0 - Yes
4 SSM 11 - No
5 SSM 1.5 - No
6 SSM 0.5 - No
7 SSM 1.1 + No
8 ALM 1.5 + ND
9 SSM 0.7 - ND
10 SSM 1.0 - ND
11 ALM 1.2 + ND
12 SSM 15 - No
13 SSM 11 - Yes
14 SSM 1.0 - ND
15 SSM 15.0 + Yes
16 NM 13.0 + Yes
17 NM 51 - Yes
18 SSM 3.0 ++ Yes
19 NM 13.0 ++ Yes
20 NM 3.0 ++ Yes
21 NM 7.5 - Yes

22 NM 6.5 - Yes



23

24

25

26

27

28

SSM

SSM

SSM

ALM

ALM

SSM

4.0

3.0

2.0

3.5

3.0

2.5

++
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No

No

No

Yes

ND

No

ALM: Acral lentiginous Melanoma; NM: Nodular Melanoma; SSM: Superficial

Spreading Melanoma; NC: Not classified; ND: Not determined, tumor with < 3 years

of surgery; -: Nonstainer; +: Non-majority stainer; ++: Stainer; +++: Majority-stainer.
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Figure 3.
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ABSTRACT

Objective: Verify the influence of serum ferritin-heavy chain (FHC) in systemic
oxidative stress in patients in different clinical stages of melanoma, and in p53
expression in primary and metastatic tumors. Methods: 57 patients were divided in
Control; Cutaneous (< 2 mm) - Low recurrence risk; Cutaneous ( > 2 mm) - High
recurrence risk; and Recurrence — Metastatic disease. Systemic oxidative stress was
evaluated by highly sensitive chemiluminescence induced by tert-butyl hydroperoxide
in erythrocytes, and ferritin-light chain (FLC) and FHC in serum by ELISA. FHC is a
p53 regulated gene, and in addition to FHC we also evaluated p53 expression in 49
cutaneous and metastatic melanoma tumors by immunohistochemistry. Not all
tumors belonged to the patients analyzed in the first step of this study. Tumors were
divided in Cutaneous < 2 mm, Cutaneous > 2 mm and Metastasis groups. Results:
FHC is increased in serum of high risk recurrence and recurrence melanoma
patients, and all patients showed increased serum FHC: FLC ratio compared to
Control. The increase FHC in serum was accompanied by increase in systemic
oxidative stress. Increased p53 expression in metastasis compared to Cutaneous <
2mm melanoma was found, although there was no statistical difference when
analyzed nuclear p53 positivity. FHC was expressed in different stages of human
melanoma tumor, but the groups were equal among them. Conclusions: High risk
recurrence and recurrence groups showed similar pattern, indicating that FHC,
oxidative stress and cell p53 expression may influence in melanoma progression and

prognosis. Probable mechanisms involved deserves further investigation.

Key-words: Melanoma, Ferritin-heavy-chain; Oxidative stress; p53; Neoplasm.
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Introduction

Serum markers related with the risk of recurrence in cutaneous localized
melanoma patients is still poorly understood. Ferritin is an important iron-binding
protein, formed by 24 subunits and consists of heavy chain (FHC) and light chain
(FLC) [1]. The proportion of each of them varies in each tissue. Increased total ferritin
levels in tumoral tissue were reported in several cancer types, such as colon cancer,
breast cancer, and seminoma [3]. Ferritin is a key protein of iron metabolism that is
capable of sequestering large amounts of iron, and thus serves the dual function of
iron detoxification and iron storage [2]. Furthermore, intracellular FHC has an
important ferroxidase activity, that play a role in rapid iron detoxification, as
ferroxidase activity oxidizes iron to Fe(lll) decreasing hydroxyl radical (*OH) formation
by Fenton reaction, diminishing oxidative stress [4].

It has been observed that the frequency of p53 mutations in melanocytic
tumors ranges from 5-25%, which is considerably lower than other types of cancers.
Mutational inactivation of p53 in melanoma is uncommon and wild-type p53 is
frequently expressed at high levels [5,6]. Recently, Avery-Kiejda et al [7] showed
that the ability of p53 to regulate genes involved in the cell cycle was significantly
reduced in melanoma cells. FHC gene is regulated by the p53 gene, and in vitro, the
overexpression of p53 induced by reactive oxygen species (ROS) is able to repress
FHC endogenous gene diminishing protein levels [8].

Extracellular (serum) total ferritin is composed mostly, but not exclusively,
of FLC, and is relatively iron-poor [9, 10]. The source and detailed secretory pathway
of total serum ferritin are not completely understood, but is well established that
hepatocytes, macrophages and Kupffer cells are able to secrete ferritin [11]. As an

acute-phase protein, its expression is upregulated in inflammation, infection, and
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malignancies. Increased total serum ferritin was related to bad prognosis in breast
cancer, melanoma, childhood Hodgkin's disease, squamous cell carcinoma of the
head and neck and primary lung cancer [12, 13, 14, 15, 16]. Furthermore, it has been
showed that ROS are able to induce intracellular total ferritin synthesis [17, 18].
Although tumor ferritin is an important protecting factor against oxidative stress, the
FHC subtype inhibits cell death by TNF-a induced-apoptosis, through ROS
suppression [19]; however there is no evidence about the total extracellular ferritin
[17, 18].

Some melanoma cells release predominantly FHC, whereas others
contained more equal proportions of FHC and FLC [20]. In a study with primary
melanoma culture cells, Baldi et al. [21] showed that melanoma metastases display
high levels of FLC expression when compared with their corresponding primary
melanomas. Furthermore, elevated total serum ferritin levels, compared with healthy
volunteers, were reported in melanoma patients with progressive metastatic disease
[14].

These findings suggest a potential relationship between FHC, oxidative
stress and p53 in malignant melanoma. Our aim in this work was to associate the
serum FHC with systemic oxidative stress in patients in different clinical stages of
melanoma. Since FHC is regulated by p53 gene, we also evaluate FHC relationship
with p53 expression in primary and metastatic tumors, that belonged to patients

participants of systemic study or not.

Materials and methods

Sample collection and study design



93

A total of 57 melanoma patients between 28 to 71 years old were recruited
at the Londrina Cancer Hospital between April 2011 and November 2012. Twenty-
four patients had localized primary cutaneous melanoma stage |, considered with low
recurrence risk according the Breslow thickness (Cutaneous < 2 mm); Nineteen
patients had localized cutaneous melanoma stage Il, considered high recurrence risk
according the Breslow thickness (Cutaneous > 2 mm), both with surgical tumor
removal between 6 months and 5 years; six patients had surgical metastasis
removal, and eight patients had active metastasis, all without chemotherapy or
immunotherapy (Recurrence group, n=14). Control group comprised 30 healthy
women and men volunteers. The characteristics of the sample included in the study
are outlined in Table I. This study was approved by the Research and Ethics National
Council (CAAE 5831.0.000.268.10), all the practices were approved by the
institutional board, and all patients and controls signed informed consent. Patients
and controls were non-smoking or in antioxidant therapy treatment, not obese and
did not present hepatic, cardiac or renal dysfunction. In addition, control subjects
had no previous history of any type of cancer. Venous blood was collected with and
without heparin and centrifuged at 1,100 x g. Separated serum was immediately
frozen at -80°C until biochemical or enzyme immunoassay (ELISA) analysis and
erythrocytes used freshly to access erythrocyte chemiluminescence. To assess the
presence of FHC and p53 in cutaneous and metastatic melanoma samples, 49
randomized paraffin-embedded tumor blocks were obtained from database of the
Department of Pathology of Londrina Cancer Hospital (See Table Il). Not all tumors
belonged to the patients analyzed in the first step of this study. Here, comparisons
were performed as follows: Cutaneous < 2 mm x Metastasis and Cutaneous > 2 mm

X Metastasis.
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Serum ferritins analysis

Serum ferritin-heavy chain and ferritin light-chain levels were determined
by a sandwich enzyme-linked immunosorbent assay (ELISA), according to the
manufacturers' instructions (Uscn life science Inc®) and analyzed with a microplate
reader at 450 nm. Standard curves were constructed by a five-parameter regression
formula and plotted as a linear curve (log-log). The Lower Limit of Detection of these
assays was less than 5.5 pg x mL!l and 14.7 pg x mL%, respectively, and the results

were calculated in pg x mL1.

Determination of oxidative stress by highly sensitive chemiluminescence

induced by tert-butyl hydroperoxide

Systemic  lipoperoxidation was evaluated in erythrocytes by
chemiluminescence (CL). Erythrocytes were obtained from heparinized blood and
washed three times with 0.9% saline solution at 4°C. An aliquot was used to
determine hemoglobin (Coulter STKS®, Hialeah, USA). Erythrocytes lipoperoxidation
was evaluated according Panis et al. [22]. Briefly, 30 pl of packed erythrocytes was
added to 3 ml of phosphate buffer, and 1 ml of this solution was diluted in 12.3 ml of
the same buffer. The chemiluminescent reaction was initiated by the addition of tert-
butyl (10 pl) at a final concentration of 3 mM in 1 mL of erythrocytes samples.
Chemiluminescence curves were obtained in a GloMax® luminometer 20/20
(Promega, Madison, USA), and the results are expressed in relative light units (RLU)
x g Hb ! or area under curve (AUC) as median + SEM. The obtained curve was

used as a qualitative indicator of lipoperoxidation, and quantitative results were
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obtained after area under curve integration using Graphpad Prism® version 5.0

(GraphPad Software).

Immunohistochemistry

The paraffin-embedded tumors were submitted to immunohistochemical
analysis. Briefly, 3-pm-thick sections mounted on sylane-coated slides (Sigma
Aldrich®) were deparaffinized, rehydrated, immersed in 10 mmol x L citrate buffer,
pH 6.0, and submitted to heat-induced epitope retrieval using a vapor lock for 45 min.
The slides were rinsed with phosphate-buffered saline (PBS) and immersed in 3%
hydrogen peroxide for 20 min to block endogenous peroxidase. Non-specific protein
binding was blocked with normal serum (Vectastain Elite ABC Kit, Universal, Vector
Laboratories Inc.®) for 30 min. The sections were then incubated with monoclonal
primary antibodies specific for FHC (Dilution 1:200, clone H-53, Santa Cruz
Biotechnology, Inc.®) and p53 (Dilution 1:100, clone DO-7, Santa Cruz
Biotechnology, Inc.®) for 2 hours at room temperature (25°C) in a humid chamber.
Following washes in PBS, biotinylated pan-specific universal secondary antibody
(Vectastain Elite ABC Kit, Universal, Vector Laboratories Inc.®) was applied for 30
min. Next, the slides were incubated with the avidin—biotin—peroxidase complex
(Vectastain Elite ABC Kit, Universal, Vector Laboratories Inc.®) for 30 min and
developed with NovaRed kit (Vector Laboratories Inc.®) for 5 min. The slides were
counterstained by Giemsa, dehydrated and mounted with Permount (Biomeda®). As
negative controls, all specimens were incubated with an isotope-matched control
antibody under identical conditions. The immunolabeling was considered to be
positive when distinct fuchsia staining was present homogenously. The percentage of

positive cells was obtained blindly, for each case, by two of the authors (LZR and
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SSB) at ten representative higher-power field (x400). For statistical purposes, the
samples were scored as follows: -, Nonstainer; +, Non-majority stainer (< 10% per
field); ++, Stainer (10-50% per field); +++, Majority-stainer (> 50% per field). p53
expression in nuclei is considered positive (>10% of cell nuclei positively stained) and
negative (< 1% of cell nuclei positively stained) according to Purdue et al [23].
Comparisons were performed as follows: cutaneous < 2 mm x metastasis; and

cutaneous > 2 mm X metastasis.

Statistical analysis

Comparisons were performed as follows: Control x Cutaneous < 2 mm
group; Control x Cutaneous > 2 mm group; and Control x Recurrence group. All data
are expressed as means and standard errors of means (SEM). The Shapiro-Wilk W
test verified the normality of the data. For quantitative analysis, data with normal
distribution were compared by t-test and data with non normal distribution by Mann—
Whitney test. The mean of age and Breslow thickness in the groups were analyzed
by One-way ANOVA with Tukey’s post test. CL curves were analyzed by Two-way
ANOVA test. Qualitative data were measured by Chi-square (X?) test. Differences
were considered statistically significant when p<0.05. All the statistical analyses were

performed using Graphpad Prism® version 5.0 (GraphPad Software).

Results

Table 1 shows characteristics of studied subjects. There were no
significant difference in age, gender and Fitzpatrick skin classification among groups.
The Fitzpatrick Skin Phototype Classification (FSPC) is the most commonly used

measure of skin type, and classifies a person's complexion and their tolerance of
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sunlight. In questionnaire-based surveys, self-rated FSPC is often used as a
measure of respondents’ skin type [24]. The histological type of primary tumor differs
statistically among melanoma groups, it being evident the predominance of
Superficial Spreading Melanoma (SSM) type in cutaneous tumors with Breslow
thickness less 2 mm. Breslow thickness were lower in Cutaneous < 2 mm in relation
to groups Cutaneous > 2 mm and Recurrence, as expected. All p and X? values are
presented in Table 1 and its legend.

Figure 1A shows increased FHC in Cutaneous (> 2 mm) and Recurrence
groups in relation to Control group (Control: 238.9+20.94 pg x mL™!; Cutaneous (< 2
mm): 336.2+40.89 pg x mL?, p=0.123; Cutaneous (> 2 mm): 379.6+79.30 pg x mL™,
p=0.0430; Recurrence: 445.1+78.51 pg x mL, p=0.0025). No significant alterations
were found in FLC (Control: 247.3+27.02 pg x mL™; Cutaneous (< 2 mm):
206.6+31.98 pg x mL%, p=0.1542; Cutaneous (> 2 mm): 207.4+62.74 pg x mL™,
p=0.5105; Recurrence: 228.9+5924 pg x mL", p=0.2775) (Figure 1B). However,
FHC:FLC ratio was enhanced in all melanoma groups (Control: 1.136+0.08;
Cutaneous (< 2 mm): 2.897+0.55, p=0.0292; Cutaneous (> 2 mm): 3.972+1.34,
p=0.0136; Recurrence: 4.027+0.98, p=0.0101) (Figure 1C). CL curves showed
significant difference between curves (p<0.001), in the peak height and in the curve
rise time in Cutaneous (> 2 mm) and Recurrence groups (Figure 1D). The increased
AUC was showed in Figure 1E, where high values were found in cutaneous (> 2 mm)
and Recurrence groups in relation to Control group (Control: 60.990+2.986;
Cutaneous (< 2 mm): 58.110+3.010, p=0.5019; Cutaneous (> 2 mm): 70.390+2.992,
p=0.0344; Recurrence: 77.530+8.520, p=0.0292 RLU x Hb™1).

The characterization of tumors used in immunohistochemical analysis is

presented in Table 2. Figure 2A, 2B and 2C shows increased p53 expression in
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metastasis cells in relation to cutaneous tumor with Breslow < 2 mm (X°=7.266; p=
0.0264). Metastasis compared to Breslow > 2 mm had no statistical difference
(X?=0.4362; p= 0.8040). In the positive nuclei staining evaluation by Fisher test, no
statistical difference was found in Breslow < 2 mm x Metastasis (p=0.0538) and
Breslow > 2 mm x Metastasis (p=0.7303). Figure 2D, 2E and 2F shows no alterations
found in FHC expression in metastatic tumors compared to Breslow < 2 mm
(X?=1.2428; p= 0.4897) and with Breslow > 2 mm (X?=0.9037; p= 0.6365), although

melanoma tumors showed different degrees of FHC expression (See Table 3).

Discussion

The difference found in primary tumor histological type and Breslow
thickness among the melanoma groups was expected, as nodular melanoma and
acral lentiginous melanoma are more invasive. The fact that Cutaneous > 2 mm
group had similar Breslow values to the Recurrence group reinforce the highest risk
recurrence shown by high Breslow thickness [25].

The role of ferritin in cancer is still poorly understood. It is known that in
inflammatory states, cytokine stimulation of macrophages also induces serum FHC
release [2, 26, 27]. Serum is rich in FLC type, and the alterations in FHC and FLC
proportion seems to have immunosuppressive role in cancer. Gray, Arosio & Hersey
[28] showed increase in FHC:FLC ratio in plasma of melanoma patients, and that it
induced immunosuppressive responses for regulatory T cells proliferation. An
interesting result is that plasma patients FHC:FLC ratio is high in all stages of the
disease. In our study, we showed a significant enhancement of systemic FHC levels
only in Cutaneous (> 2 mm) and Recurrence groups, though the FHC:FLC ratio were

increased in all melanoma groups. It is well known that cancer patients often exhibit
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an elevated level of total serum ferritin usually correlated with a poor prognosis [29,
30]. This is also true for human melanoma, where increased total serum ferritin
concentrations are associated with progressive metastatic disease [11].

Together with serum FHC enhancement levels, systemic lipid
peroxidation, evaluated in erythrocytes by CL, was increased in Cutaneous (> 2 mm)
and Recurrence groups. Tert-butyl hydroperoxide-initiated CL was used to evaluate
integral level of nonenzymatic antioxidant defense. Lower level of antioxidant as
consequence of previous oxidative stress corresponds to an accentuated high and a
shift to the left in CL curves, giving a positive correlation between CL and lipid
peroxidation [31, 32]. In this study, we demonstrated a qualitative difference in all CL
curves, indicating alterations in cell membrane properties, as antioxidant
composition, which modifies the kinetics pattern by exhausting the oxidizable species
[33]. The quantitative analysis of lipid peroxidation by CL confirms these changes,
represented by AUC increased values in Cutaneous (> 2 mm) and Recurrence
groups in relation to Control.

Despite that no studies have been made about serum FHC and oxidative
stress in melanoma patients, recently it was showed an enhancement in systemic
MDA, a lipid peroxidation biomarker, and total serum ferritin levels in patients with
multiple myeloma and breast cancer [22, 34]. Systemic oxidative stress status is
poorly explored in human melanoma, and there are some evidences that it has an
important influence in the disease prognosis [35, 36]. Here we showed increased
systemic lipid peroxidation and enhancement of serum FHC levels only in subjects
with high risk of disease recurrence (Breslow > 2 mm) and in recurrence groups. As

total ferritin, mainly FHC, increases in pro-oxidant conditions, we assume that
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systemic oxidative stress in advanced stages of melanoma can induce FHC
enhancement and probably are connected to the bad prognosis.

We evidenced the increased FHC levels in serum of patient’s with high
Breslow or metastasis, but not in the tumor tissue. Tumor labeling for FHC was as
follows: 5/15 in Breslow < 2 mm; 8/18 in Breslow > 2 mm, and 7/16 in metastatic
tumors. This is the first time the presence of FHC in human melanoma tumors was
evidenced. Mutation in p53 gene is controversial in melanoma, notwithstanding it
alone there is no link with prognosis [37, 38]. In this work, only primary tumors with
Breslow thickness < 2 mm showed less expression in p53 in relation to metastasis,
besides not difference was found in p53 positive nuclei between groups. It is know
that p53 has additional activities in the cytoplasm, where it triggers apoptosis through
mitochondrial activation and inhibits autophagy [39]. Decreased cell p53 expression
in tumors with Breslow < 2 mm compared to metastatic tumors can indicate a new
approach in tumor p53 analyses to differentiate high risk and low risk recurrence
patients with melanoma [36]. This data is compatible with the literature which
demonstrated a lower rate of recurrence-free survival in this patient group, once
increased p53 expression in cancerous cells generally indicates a bad prognosis [25,
40, 41, 42].

Summarizing, FHC was increased in serum of patients with melanoma in
advanced stages, as systemic oxidative stress. Despite that the FHC gene is
regulated by p53, no alterations between different tumor stages were found,
notwithstanding we demonstrated FHC expression in human melanoma tumors for
the first time. High risk recurrence and recurrence groups showed similar pattern,

indicating that FHC, oxidative stress and cell p53 expression may influence in
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melanoma progression and prognosis. Probable mechanisms involved deserves

further investigation.
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Figures Captions

Figure 1. (A) Serum ferritin heavy (FHC); and (B) Serum ferritin light (FLC) chain; (C)
FHC:FLC ratio; (D) lipid peroxidation curve of erythrocytes by chemiluminescence
(CL); (E) Analysis of area under the curve (AUC) of the lipid peroxidation assay.
Cutaneous (< 2 mm): cutaneous melanoma patients with Breslow thickness < 2.0
mm; Cutaneous (> 2 mm): cutaneous melanoma patients with Breslow thickness >
2.0 mm. Lipid peroxidation curves were compared by Two-way ANOVA test, and all
curves are different (p<0.0001). Groups were compared with control group by t'test or

Mann-Whitney test.* p<0.05.

Figure 2. Immunohistochemistry analysis of melanoma tumors. (A) p53 in cutaneous
< 2 mm, case 4; (B) p53 in cutaneous > 2 mm, case 26; (C) p53 in melanoma
metastasis, case 49; (D) FHC in cutaneous < 2 mm, case 10; (E) FHC in cutaneous >
2 mm, case 26; (F) FHC in melanoma metastasis, case 37. Data relative to p53 and
FHC expression in cells were compared by X? test. Positive and negative p53 in
nuclei were compared by Fisher exact test. A and C had different p53 levels in cells
(X?=7.266; p= 0.0264), although no statistical significance was found in positive

nuclei p53 staining (p=0.0538).
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Table 1. Characteristics of studied subjects
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Control Cutaneous Cutaneous Metastatic p value
<2mm >2mm melanoma

Age (mean+SEM) 57.85+2.2 54.9+2.4 55.7+3.2  52.64+4.015  0.7408
Gender 0.4626
Male 11 (36.6%) 6 (25.0%) 9 (47.4%) 6 (42.9%)
Female 19 (64.4%) 18 (75.0%) 10 (52.6%) 8 (57.1%)
Fitzpatrick skin 0.1266
classification
Il 8 (26.6%) 5 (20.8%) 2 (10.5%) 4 (28.6%)
1] 18 (60.0%) 19 (79.2%) 13 (68.4%) 6 (42.8%)
VIV 4 (13.4%) - 4 (21.1%) 4 (28.6%)
Primary tumor < 0.0001*
histological type
SSM - 20 (83.3%) 8 (42.1%) 4 (28.6%)
NM - 2 (8.35%) 7 (36.8%) 3 (21.4%)
ALM - 2 (8.35%) 4 (21.1%) 1 (07.1%)
ND - - - 6 (42.9%)
Primary tumor - 1.16+0.092 4.14+0.43 4.29+1.62 <0.0001*
Breslow
(meantSEM)
Metastasis location -
Lymph node - - - 8 (57.2%) -
Brain - - - 2 (14.3%) -
Skin - - - 3 (21.4%) -
Liver 1 (07.1%)

Quantitative data were evaluated by One-way ANOVA with Tukey’s post test.
Qualitative data were evaluated by Chi-square (X?) test. p< 0.05 was considered
significant. X2 values: Gender 4.540; Fitzpatrick skin classification 9.953; Primary
tumor histogenetic type 30.04. Tukey’s post test of Primary tumor Breslow was
signicant in Cutaneous < 2 mm x Metastatic melanoma and Cutaneous < 2 mm X
Cutaneous 2 mm statistical analysis. SSM: Superficial spreading melanoma; NM:
Nodular melanoma; ALM: Acral lentiginous melanoma. Breslow thickness was

measured in millimeters.



Table 2. Cutaneous and metastatic melanoma tumors characteristics
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Case Histogenetic Breslow | Case Location Primary tumor Breslow
No. type tickness | No. histogenetic thickness of
type primary tumor
1 SSM 1.1 34 Lymph node SSM 15.0
2 SSM <1 35 Lymph node NM 13.0
3 SSM 15 36 Lymph node ALM ND
4 SSM 0.5 37 Lymph node SSM 15
5 SSM 1.1 38 Skin NM 13
6 ALM 15 39 Lymph node NM 5.1
7 SSM 0.7 40 Lymph node ND ND
8 SSM 1.0 41 Skin NM ND
9 ALM 1.2 42 Lymph node NM 2,5
10 SSM 15 43 Skin ALM 2,5
11 SSM 1.1 44 Skin NM ND
12 SSM 1.0 45 Lymph node NM <05
13 SSM 0.9 46 Spine ALM >10.0
14 SSM 15 47 Skin NM 0.9
15 ND 0.5 48  Subcutaneous ND ND
16 SSM 4.0 49 Lymph node ND ND
17 SSM 3.0
18 NM 3.0
19 SSM 2.0
20 ALM 35
21 NM 3.2
22 ALM 3.0
23 SSM 2.5
24 SSM 15.0
25 NM 13.0
26 ALM >10.0
27 NM 13.0
28 NM 5.1
29 SSM 6.0
30 NM 3.0
31 NM 7.5
32 SSM 3.0
33 NM 6.5

SSM: Superficial spreading melanoma; NM: Nodular melanoma; ALM: Acral

lentiginous melanoma; ND: Not determined. Breslow thickness was measured in

millimeters.
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Table 3. p53 and ferritin heavy-chain (FHC) immunohystochemistry score in

cutaneous and metastatic melanoma cells.

Cutaneous Metastasis
p53 FHC p53 FHC
Case Cell Nuclei Total Case Cell Nuclei Total

No No.

1 - <1% - 34 + <1% -
2 - <1% - 35 +++ > 10% ++
3 - <1% - 36 +++ > 10% -
4 - <1% + 37 ++ > 10% -
5 + < 1% - 38 +++ > 10% ++
6 + <1% + 39 + <1% +
7 + < 1% - 40 + <1% -
8 + < 1% ++ 41 +++ > 10% -
9 + <1% - 42 +++ > 10% -
10 ++ > 10% - 43 - <1% +
11 + < 1% - 44 +++ > 10% ++
12 - <1% + 45 + <1% +
13 + <1% - 46 ++ > 10% -
14 + <1% - 47 - <1% -
15 - < 1% + 48 - <1% -
16 + <1% - 49 +++ > 10% +
17 +++ > 10% ++

18 +++ > 10% -

19 ++ > 10% -

20 +++ > 10% ++

21 + < 1% +

22 + <1% -

23 +++ > 10% -

24 +++ > 10% -

25 - <1% +

26 +++ > 10% ++

27 + < 1% +

28 - < 1% -

29 - <1% -

30 + <1% -

31 +++ > 10% +

32 + <1% -

33 +++ > 10% ++

FHC: Ferritin-heavy-chain;

-, Nonstainer; +, Non-majority stainer (< 10% per field);

++, Stainer (10-50% per field); +++, Majority-stainer (> 50% per field). For statistical

analyses of p53 expression in nuclei, tumors with >10% field nuclei staining was

considered positive, and with <1% field nuclei staining was considered negative.
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Figure 2.




ANEXO C

Relationship of TGF-B1 and oxidative stress in plasma of patient with melanoma: i

there a clue to understand melanoma progression?

Melanoma Research

Relationship of TGF-B1 and oxidative stress in plasma of patient with melanoma: is
there a clue to understand melanoma progression?

Manuscript Number:
Full Title:

Article Type:
Section/Category:
Keywords:

Corresponding Author:

Comesponding Author Secondary
Information:

Corresponding Author's Institution:

Comesponding Author's Secondary
Institution:

First Author:
First Author Secondary Information:
Order of Authors:

Order of Authors Secondary Information:

Manuscript Region of Origin:
Absiract:

--Manuscript Draft-—-

Relationship of TGF-B1 and oxidative sfress in plasma of patient with melanoma: is
there a clue to understand melanoma progression?

Qriginal Study
Basic Science

Melanoma; Transforming Growth Factor beta; Oxidative stress; Neoplasm
recurrence; Malondialdehyde.

Alessandra Lourenc¢o Cecchini, Ph.D.
Universidade Estadual de Londrina
Londrina, Parana BRAZIL

Universidade Estadual de Londrina

Sara Santos Bernardes, Ph.D.

Sara Santos Bernardes, Ph.D.
Fernando Pinheiro Souza-Neto, Ms
Gabriela Pascoal Melo

Cassio Fernando Nunes Silva
Andréa Name Colado Sim&o, Ph.D.
Rubens Cecchini, Ph.D.

Alessandra Lourengo Cecchini, Ph.D.

BRAZIL

Objective: TGF-B1 and oxidative stress are involved in cancer progression, but in
melanoma their role is still controversial. Our aim was to correlate plasma TGF-f1
levels and systemic oxidative stress biomarkers in patients with melanoma, with or
without disease recurrence, to understand its' participation on melanoma progression.
Methods: Were recruited 30 patients in melanoma surveillance and 50 healthy
volunteers. Patients were divided info two groups: No Recurrence, comprised by
patients with tumor removal and no recurrence episode in 3-years, and Recumence,
comprised by patients with spread disease. The plasmatic cytokines TGF-$1, IL-1 B
and TNF-a were analyzed by ELISA. For oxidative stress evaluation, we measured
lipid peroxidation in erythrocytes, and malondizldehyde (MDA), Advanced Oxidation
Protein Products (AQPF) levels, Total Radical Antioxidant Parameter (TRAP) and Thiol
in plasma. Furthermore, the systemic advanced disease indicators femitin, C-reactive
protein (CRP) and lactate dehydrogenase (LDH) was evaluated together with serum
total ferritin. Results: Recurrence group had increased LDH levels. Patients with
recurrence also had less circulating TGF-B1, and increased TRAP, Thiol, AOPP and
lipid peroxidation levels. MDA was increased in both melanoma groups, and IL-1B only
in No Recurrence group. Conclusions: Our findings reinforce the new evidences that
in melanoma TGF-f acts a tumor suppressor, inhibiting tumor relapse episodes. Lower
levels of TGF-B1 is related with increased oxidative stress in patients with disease

Powered bv Editorial Manager® and ProduXion Manager® from Aries Svstems Corporation

recurrence. These results supplies new knowledge of this cancer pathophysiology, and
opening up possibilities for investigation of new therapies based on this new
evidences.
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Abstract

Objective: TGF-B1 and oxidative stress are involved in cancer progression, but in
melanoma their role is still controversial. Our aim was to correlate plasma TGF-1
levels and systemic oxidative stress biomarkers in patients with melanoma, with or
without disease recurrence, to understand its’ participation on melanoma
progression. Methods: Were recruited 30 patients in melanoma surveillance and 50
healthy volunteers. Patients were divided into two groups: No Recurrence, comprised
by patients with tumor removal and no recurrence episode in 3-years, and
Recurrence, comprised by patients with spread disease. The plasmatic cytokines
TGF-B1, IL-1 B and TNF-a were analyzed by ELISA. For oxidative stress evaluation,
we measured lipid peroxidation in erythrocytes, and malondialdehyde (MDA),
Advanced Oxidation Protein Products (AOPP) levels, Total Radical Antioxidant
Parameter (TRAP) and Thiol in plasma. Furthermore, the systemic advanced disease
indicators ferritin, C-reactive protein (CRP) and lactate dehydrogenase (LDH) were
evaluated together with serum total ferritin. Results: Recurrence group had
increased LDH levels. Patients with recurrence also had less circulating TGF-1, and
increased TRAP, Thiol, AOPP and lipid peroxidation levels. MDA was increased in
both melanoma groups, and IL-1B only in No Recurrence group. Conclusions: Our
findings reinforce the new evidences that in melanoma TGF-B acts a tumor
suppressor, inhibiting tumor relapse episodes. Lower levels of TGF-B1 is related with
increased oxidative stress in patients with disease recurrence. These results supplies
new knowledge of this cancer pathophysiology, opening up possibilities for
investigation of new therapies based on these new evidences. Key Words:
Melanoma, Transforming Growth Factor beta, Oxidative stress, Neoplasm

recurrence, Malondialdehyde.
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Introduction

Transforming growth factor beta 1 (TGF-B1) is a secreted ligand that has
been intimately linked to the regulation of tumor initiation, progression and
metastasis. It has been reported that leukocytes cultured in vitro secrete large
amounts of TGF--B into the medium. The regulation of tumorigenesis by TGF-f31
signaling is dependent on the ability to regulate the behavior of tumor and host cell
populations [1]. The role of TGF-B1 in cancer is very complex and ranges from cell
growth inhibition to regulation of cell migration and invasion. While TGF-31 acts as a
potent cell cycle inhibitor and pro-apoptotic factor in most of its target tissues, its
regulatory role on cell migration and invasion is not well understood and appears to
be tissue specific [1,2].

Cutaneous melanoma is a highly aggressive malignancy with increasing
incidence, limited therapeutic options in the metastatic stage of disease. A primary
cutaneous melanoma will not kill the patient, but its metastases will. The tumor
suppression effects derived from epithelial, endothelial, myeloid and lymphoid cancer
cell types is well understood, but in melanoma that arises from the transformation of
neural crest derived melanocytes, the suppressor and pro-metastatic effects are still
controversial and not well understood [1,3,4]. In melanoma, the TGF- regulatory
responses on the progression of the disease towards the metastatic stage are less
well characterized [2,5]. Evidences show that TGF-B1 could inhibit tumor growth and
migration of murine melanoma cells in vivo, and also in human melanoma cells in
vitro, despite that TGF-B1 has been increased in plasma of melanoma patients in all
stages of the disease [2,6,7,8].

Oxidative stress is present in all steps of melanoma development, and its

participation was already demonstrated in vitro and in vivo [9,10,11]. The systemic
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oxidative stress in melanoma patients is poorly investigated, but it is known that
these patients have systemic and tumoral redox deregulation [10,11,12]. TGF-B1 has
been shown to stimulate Reactive Oxygen Species (ROS) production and
suppresses antioxidant enzymes expression in a variety of cell types [13,14,15]. The
specific molecular targets of TGF-B1-stimulated ROS are unknown, but TGF-B1 pro-
oxidant effect on various cells has been proposed to regulate a number of
physiological actions, such as growth-inhibitory effects, apoptosis and activation of
latent TGF-B1 [16,17,18,19].

In melanoma, TGF-B1 regulatory responses remain unclear, and the
characterization of circulation levels is fairly explored. There is an important link
between oxidative stress and this cytokine function; thus, in this study our aim was to
correlate plasma TGF-B1 levels and systemic oxidative stress biomarkers in patients
with melanoma, with or without disease recurrence, to understand its participation on

melanoma progression.

Materials and Methods
Sample collection and study design

A total of 30 melanoma patients between 28 to 67 years old were recruited
at the Londrina Cancer Hospital between April 2011 and November 2012. Sixteen
patients had localized primary cutaneous melanoma stage I/Il with surgical tumor
removal and no recurrence episode in 3-years period (No recurrence group); and
fourteen patients had stage 1I/IV  melanoma, without chemotherapy or
immunotherapy (Recurrence group). Control group comprised 30 healthy women and
men volunteers. This study was approved by the Research and Ethics National

Council (CAAE 5831.0.000.268.10), all the practices were approved by the
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institutional board, and all patients and controls signed informed consent. Patients
and controls were non-smoking or in antioxidant therapy treatment, not obese and
did not present hepatic, cardiac or renal dysfunction. In addition, control subjects
had no previous history of any type of cancer. All subjects had skin type classified by
self-rated Fitzpatrick Skin Phototype Classification (FSPC) [20]. The Fitzpatrick Skin
Phototype Classification (FSPC) is the most commonly used measure of skin type,
and classifies a person's complexion and their tolerance of sunlight. Venous blood
was collected with and without heparin and centrifuged at 1,100 x g. Separated
serum or plasma were immediately frozen at -80°C until biochemical or enzyme
immunoassay (ELISA) analysis, and erythrocytes used fresh to access lipid
peroxidation in membrane.

Serum and plasma biochemical analysis

Systemic advanced melanoma biomarkers Ferritin, C-reactive protein
(CRP) and Lactate dehydrogenase (LDH) were determined. Ferritin was determined
by chemiluminescence microparticule immunoassay (Architect, Abbott Laboratory,
Abbott Park, IL, USA). CRP (highly sensitive CRP) was measured using a
nephelometric assay (Behring Nephelometer Il, Dade Behring, Marburg, Germany).
Plasmatic lactate dehydrogenase was performed by Whitaker (1969) method using a
commercial kit (Laborclin®), and analyzed with a Multiskan GO® microplate reader
(Thermo Fisher Scientific, Rockford, USA) at 510 nm.

Plasma Human TNF-a, Human interleukin 1-beta (IL-1B) and
Human/mouse TGF-B1 levels were determined by a sandwich enzyme-linked
immunosorbent assay (ELISA), according to the manufacturers' instructions
(eBioscience®), and analyzed with a microplate reader at 450 nm. To TGF-B1

analysis, plasma samples were previously acidified to activate latent TGF-B1 to its
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immunoreactive form. Standard curves were constructed by a five-parameter
regression formula and plotted as a linear curve (log-log). The results were calculated
in pg x mL™,
Erythrocyte chemiluminescence

Systemic  lipoperoxidation was evaluate in erythrocytes by
chemiluminescence (CL). Erythrocytes were obtained from heparinized blood and
washed three times with 0.9% saline solution at 4°C. An aliquot of heparinized blood
was used to determine hemoglobin (Coulter STKS®, Hialeah, USA). Erythrocytes
lipoperoxidation was evaluated according to Panis et al. (2012) [21]. Briefly, 30 pl of
packed erythrocytes was added to 3 ml of phosphate buffer, and 1 ml of this solution
was diluted in 12.3 ml of the same buffer. The chemiluminescent reaction was
initiated by the addition of tert-butyl (10 pl) at a final concentration of 3 mM in 1 mL of
erythrocytes samples. Chemiluminescence curves were obtained in a GloMax®
luminometer 20/20 (Promega, Madison, USA), and the results are expressed in
relative light units (RLU) x g Hb 1. The obtained curve was used as a qualitative
indicator of lipoperoxidation, and quantitative results were obtained after area under
curve integration using Graphpad Prism® version 5.0 (GraphPad Software).
Evaluation of oxidative stress in plasma

Plasma malondialdehyde (MDA) as measured by High-performance liquid
chromatography (HPLC), as described by Victorino et al. (2012) [22]. Briefly, 160 L
of plasma sample was mixed with 100 uL of 0.5 M perchloric acid and incubated for
10 min on ice to precipitate the proteins, and then mixed with 100 uL of 1%
thiobarbituric acid. This reaction was incubated for 30 min in a boiling water bath and
transferred to an ice bath to stop the reaction. A 100 uL volume of 1 M NaH2POa, pH

7, was added to each sample to stabilize the sample pH. Samples were centrifuged
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for 10 min at 5,000 x g at 4°C. The supernatants were filtered and injected into LC-
20AT® HPLC system (Shimadzu, Kyoto, Japan) in a mobile phase consisted of 65%
50 mM KH2POu4 buffer and 35% HPLC-grade methanol at ShimPack® C18 reverse-
phase column (Shimadzu, Kyoto, Japan). Acid hydrolyzed 1,1,3,3-
tetraethoxypropane (TEP) were used as standard to obtain the linear regression
equation and calculate the MDA concentration of the samples. Readings were
obtained at 535 nm over 11 min at a flow rate of 0.8 mL/minute at 35°C, and results
were expressed as nM of MDA.

Total radical antioxidant parameter (TRAP) of plasma was determined as
described by Repetto et al. (1998) [23]. Briefly, the reaction medium contains 70 puL
of plasma sample diluted 1:50 in glycine buffer (0.1 M, pH 8.6), 20 uM 2-azo-bis-(2-
amidinopropane) and 200 pM luminol at 37°C. Trolox, a soluble E vitamin analogue,
was used as the reference antioxidant (1.75 pM in the reaction medium).
Chemiluminescence curves were obtained in a GloMax® luminometer 20/20
(Promega, Madison, USA), and the results are expressed in uM of Trolox.

Total thiols in plasma were measured by the method of Hu (1994) [24]. In
final volume of 400 uL, was added 40 pL of plasma, 320 uL of 0.25 M TRIS buffer
containing 0.02 M EDTA, pH 8.2 followed by addition of 40 uL of 0.01 M 2,2-
dithiobisnitrobenzoic acid (DTNB) in absolute methanol. The tubes were capped and
color was developed for 15 min at room temperature. The tubes were then
centrifuged at 3,000 x g for 15 min. Supernatant was collected and absorbance
measured at 412 nm with a microplate reader. Total thiol groups were calculated
using a calibration curve prepared by GSH (Sigma Aldrich®).

To evaluate oxidized protein formation by inflammatory response,

Advanced Oxidation protein products (AOPP) levels was measured. AOPP levels
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was measured as described by Descamps-Latscha et al. (2004) [25] in a microplate
reader. Briefly, plasma was diluted 1:5 in phosphate-buffered saline (PBS).
Supernatant samples or chloramine-T standard solutions (200 uL) were placed in the
appropriate wells of a 96-well microtiter plate, 10 uL of 1.16 mol/L KI added to each
well and 20 uL of acetic acid added two minutes later. The absorbance of the
reaction mixture was immediately read at 340 nm (Multiskan GO, Thermo Scientific,
Waltham, USA) against a blank containing 200 uL of PBS, 10 uL of Kl and 20 uL of
acetic acid. AOPP levels were calculated using a chloramine-T calibration curve
(Sigma-Aldrich, St. Louis, USA). Total protein was measured by Lowry et al. (1951)
[26] technique, modified by Miller (1959) [27], used bovine serum albumin (BSA) as
standard. The results were expressed in uM « mg* protein.
Statistical analysis

Comparisons were performed as follows: Control x No recurrence group
and Control x Recurrence group. All data were expressed as arithmetic means and
standard errors of means (SEM). The Shapiro-Wilk W test verified the normality of
the data. For quantitative analysis, data with normal distribution were compared by t-
test and data with non normal distribution by Mann-Whitney test. CL curves were
analyzed by Two-way ANOVA test. Spearman’s correlation test was used because
data analyzed had non normal distribution. Differences were considered statistically
significant when p<0.05. All the statistical analyses were performed using Graphpad
Prism® version 5.0 (GraphPad Software).
Results

Table 1 shows a characterization of studied subjects. Table 2 shows
systemic advanced melanoma biomarkers Ferritin, CRP and LDH. Ferritin (No

recurrence: p=0.3726; Recurrence: 0.1988 mg x mL1) and CRP (No recurrence:
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p=0.8933; Recurrence: p=0.605) showed no alterations. LDH levels was increased in
recurrence group (No recurrence: p=0.5541; Recurrence: p=0.0168) (For values, see
Table 2).

Plasma TNF-a showed no difference among groups (Control:
11.92+1.243; No recurrence: 17.12+3.884, p=0.1817; Recurrence: 9.641+0.8492,
p=0.6055 pg x mL7), IL-1B was increased in No recurrence group (Control:
6.533+0.9448; No recurrence: 11.21+2.120, p=0.0152; Recurrence: 6.375+1.048,
p=0.8997 pg x mL?1) and TGF-B was decreased in Recurrence group (Control:
4.902+498.6; No recurrence: 4.201+862.0, p= 0.1263; Recurrence: 2.985+276.7,
p=0.0272 pg x mL1) (Figures 1A, 1B and 1C).

Recurrence patients with melanoma had increased antioxidant parameters
in plasma. Figure 2A shows an enhancement in TRAP levels (Control: 28.72+3.098;
No recurrence: 36.65+5.356, p=0.1484; Recurrence: 45.0417.204, p=0.0472 puM
Trolox) and Figure 2B in Thiol levels (Control: 194.7+5.733; No recurrence:
208.3+7.610, p=0.1612; Recurrence: 222.0+9.751, p= 0.0172 uM). AOPP, an
oxidized protein generated by oxidative burst and inflammatory response, was
increased only in Recurrence group (Control: 1.013+0.04838; No recurrence:
1.104+0.065, p=0.2662; Recurrence: 1.235+0.092, p=0.0243 uM + mg?! protein)
(Figure 2C).

All erythrocytes CL curves are different by 2-way ANOVA test (p<0.0001)
(Figure 3A). Figure 3B shows recurrence group had increased AUC values
(74.630+8298; p=0.0329) than control (60.440+2365), and No recurrence group was
not different (63.160+3957; p=0.5328) to the control. Plasma MDA levels are
increased in both melanoma groups (Control: 175.4+22.55; No recurrence:

294.2+24.53, p=0.0005; Recurrence: 336.5£38.78, p=0.0004 nM) (Figure 3C).
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There were a negative significant correlation among TGF- levels and

systemic MDA, and TGF-f levels and systemic AOPP (See Table 3).

Discussion

Recent years have seen a dramatic increase in incidence of melanoma, that
has not been matched by the development of effective therapies for patients with
advanced disease [28,29]. While very early stage melanoma (localized, stage 1) is
>90% curable, disseminated stage IV melanoma leads to life expectancy of less than
a year [30,31]. Melanoma patients with recurrence had increased of systemic LDH
levels than control subjects. In melanoma, serum LDH is the only blood-based
biomarker in clinical use, and elevated serum LDH occasionally leads to imaging
studies that reveal metastatic recurrence. However, the sensitivity and specificity for
LDH as a predictor of metastatic recurrence is low, and additional blood based
biomarkers are clearly needed [32,33].

TGF-B1, inflammatory status and oxidative stress have been related to
cancer promotion and progression, but its relationship is poorly understood in
melanoma metastasis. Since TGF- B1 is secreted by leukocytes in vitro, it is possible
to assume that leukocytes in vivo could secrete TGF—1 into the plasma, although
there is no direct evidence for this [34]. The presence of TGF- 3 in human melanoma
tissue is extensively reported, and its expression is increased particularly in
metastatic tumors [8,35,36]. Malaponte et al (2010) [8] showed that circulating TGF-
B1 correlate with their tumor levels.

Here we found a decreased TGF-B1 in advanced disease but not in no
recurrence melanoma. Recently, Humbert & Lebrun (2013) [2] showed a protective

role of TGF-B1 in human melanoma cells migration and invasion in vitro, to strongly
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up-regulate the Plasminogen Activator Inhibitor-1 (PAI-1). In a murine melanoma
model, TGF-B1 was also able to decreased metastatic process [7]. Classically, TGF-
B1 is thought to be an important anti-inflammatory mediator, in that TGF-B1-null mice
and mice deficient in various TGF-B1 receptors and activators exhibit persistent
inflammation [37,38]. In this study, the inflammatory biomarkers CRP and ferritin,
besides being present in higher amounts than in control subjects, were not
statistically significant. It is known that increased inflammatory response is related to
bad prognosis in several cancers, include melanoma [39,40,41]. As an evidence of
circulating TGF-B1 low levels have pro-inflammatory effect in cancer, patients with
triple negative breast cancer and with metastasis shows low levels circulation of
TGF-B1, and this fact was related with poor prognosis [42]. Through these evidences,
it is possible that in advanced melanoma systemic low TGF-B1 has a pro-
inflammatory role and stimulates metastatic process.

No alterations were found in TNF-a levels, although there were higher
amounts in no recurrence group in relation to control levels. IL-1B3, another pro-
inflammatory cytokine, was higher in no recurrence group, and together TNF-a
seems to have had a protective role against melanoma recurrence. In vitro, IL-18
recombinant or secreted by macrophages demonstrated cytotoxicity against
melanoma cells, although in situ IL-1 8 and TNF-a produced by macrophages in
human melanoma tumors are correlated with angiogenesis and tumor depth [43].

TGF- B isoforms are synthesized as latent complex from which TGF-$3
must be released to elicit its biological activity. Although most studies on the
regulation of TGF- B action have focused on TGF- 3 transcription and translation,
latency appears to be a critical step in the control of TGF- B activity, as enhanced

TGF- B expression does not always correlate with increased levels of active TGF-8



127

[44]. The antioxidant system has been described as a protective mechanism against
latent TGF-B activation in pathological processes, indicating that the increased
circulating antioxidant levels may reflect TGF-p redox regulation [14,15,45].

Increased antioxidant response with increased pro-oxidant products can
indicate a compensatory mechanism under sustained oxidative stress conditions [46].
Our findings support this, as despite TRAP and thiol enhancement, patients with
recurrence showed increased AOPP, MDA and erythrocyte CL levels. AAOP is
formed primarily by chlorinated oxidants (including hypochloric acid and chloramines)
which result from myeloperoxidase activity during the respiratory burst [47]. As TGF-
B1 also suppresses expression of ROS intermediates and respiratory burst capacity
by both resting blood monocytes and activated macrophages [48], is reasonable to
suppose that decreased TGF- stimulates respiratory burst, supporting the increased
AOPP levels found in this group. Furthermore, increased AOPP levels were found in
cancer patients with advanced disease [49], and no relationship was done among
this observation, systemic antioxidant system and circulating TGF- 31 before.

There are no report about increased systemic lipid peroxidation in patients
with melanoma recurrence, but unpublished data of our laboratory showed increased
plasmatic MDA and erythrocytes CL levels in patients with cutaneous and recurrence
of melanoma even after surgical tumor removal. The increased erythrocyte CL only in
patients with recurrence can signify alterations in cell membrane properties, as
antioxidant composition, which modifies the kinetics pattern by exhausting the
oxidizable species [50].

Thus, as in melanoma circulating TGF- and this cytokine role remains not
understood, here we showed that decreased TGF-f in patients with melanoma was

statistically inversely significant correlated with the systemic pro-oxidant biomarkers
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MDA and AOPP. Our findings reinforce the new evidences that TGF-$1 may act as a
tumor immunossupressive, inhibiting disease spread even in advanced disease
[2,43]. Furthermore, the increased circulating pro-oxidant biomarkers may reinforce a
pro-inflammatory role of low TGF-31 levels. Together, our findings contribute to the
better comprehension of the role of circulating TGF-B1 in melanoma progression,
opening up possibilities for investigation of new therapies based on this new

evidence.
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Figures Captions

Figure 1. Systemic (A) TNF-a, (B) IL-1B and (C) TGF- B levels in no recurrence and
recurrence patients with melanoma. No recurrence group: localized primary
cutaneous melanoma stage I/ll with surgical tumor removal and no recurrence
episode in 3-years period; Recurrence: Patients with melanoma and disease
recurrence, with or without surgical removal. Melanoma groups were compared with

control group by Mann-Whitney test.* p<0.05.

Figure 2. Systemic antioxidant (A) TRAP, (B) Thiol and (C) AOPP levels in no
recurrence and patients with melanoma recurrence. No recurrence group: localized
primary cutaneous melanoma stage /Il with surgical tumor removal and no
recurrence episode in 3-years period; Recurrence: Patients with melanoma and
disease recurrence, with or without surgical removal. Groups were compared with
control group by Mann-Whitney or ttest. AOPP: Advanced Oxidation protein

products; TRAP: Total radical antioxidant parameter. * p<0.05.

Figure 3. (A) Erythrocyte lipid peroxidation by CL, (B) Erythrocyte lipid peroxidation
analysis of the Area Under Curve (C) Plasmatic MDA levels in no recurrence and
recurrence melanoma patients. No recurrence group: localized primary cutaneous
melanoma stage I/l with surgical tumor removal and no recurrence episode in 3-
years period; Recurrence: Patients with melanoma and disease recurrence, with or
without surgical removal. Groups were compared with control group by Mann-
Whitney test. AUC: Area Under Curve; CL: Chemiluminescence; MDA:

Malondialdehyde. * p<0.05.
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Tables

Table 1. Characteristics of studied subjects

Control No Melanoma  Melanoma
recurrence recurrence

(n=30) (n=16) (n=14)
Age (mean+SEM) 57.48+1.784  52.75+3.172  52.64+4.015
Gender
Male 9 (30.0%) 5 (31.3%) 6 (42.9%)
Female 21 (70.0%) 11 (68.7%) 8 (57.1%)
Fitzpatrick skin classification
l 9 (30.0%) 4 (25.0%) 4 (28.6%)
i 16 (53.3%) 11 (68.8%) 6 (42.8%)
VIV 5 (16.7%) 1(6.2%) 4 (28.6%)
Surgical tumor removal
No NA 0 8 (57.2%)
1- 2 years NA 0 3 (21.4%)
3-4 years NA 8 (50.0%) 3 (21.4%)
5 years NA 8 (50.0%) 0
Primary tumor Breslow NA 1.540+0.338 4.14+0.433
(mean+SEM)
Metastasis location
Lymph node NA NA 9 (64.3%)
Skin NA NA 3 (21.4%)
Brain NA NA 2 (14.3%)

ALM: Acral lentiginous Melanoma; NM: Nodular Melanoma; SSM: Superficial

Spreading melanoma; NA: Not apply.
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Table 2. Advanced melanoma biomarkers LDH, CRP, and ferritin in patients with

melanoma with no recurrence and recurrence episode

Control No recurrence Recurrence
Ferritin (mg x mL?) 137.1+13.88 116.2+17.81 175.5+31.47
CRP (mg x L) 2.5+0.36 2.74+0.67 4.33+1.94
LDH (U x L% 197.7+£9.63 191.0+£16.59 246.9+20.39*

LDH: Lactate dehydrogenase; CRP: C-reactive protein. Groups were compared with

control group by t'test or Mann-Whitney test.* p<0.05.
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Table 3. Spearman’s TGF-B correlation with systemic advanced melanoma

biomarkers LDH and CRP, and oxidative stress parameters MDA, AOPP, TRAP and

Thiol

Correlation R-value p-value
TGF-B1 x LDH 0.0889 0.5109
TGF-B1 x CRP 0.1642 0.2310
TGF-81 x MDA - 0.3443 0.0089*
TGF-B1 x AOPP - 0.3057 0.0207*
TGF-B1 x TRAP -0.2491 0.0693
TGF-B1 x Thiol -0.1734 0.2012

LDH: Lactate dehydrogenase; CRP:
AOPP: Advanced Oxidation protein

parameter. *p<0.05.

C-reactive protein; MDA: malondialdehyde;

products; TRAP: Total radical antioxidant
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ANEXO D
Endereco eletrénico do guia para autores das revistas cientificas British Journal of
Cancer, Cancer Letters e Melanoma Research

Guia para autores da British Journal of Cancer. Disponivel em: <
http://www.nature.com/bjc/authors/submit.html#manuscripts >. Acessado em: 27 fev
2014.

Guia para autores da Cancer Letters. Disponivel em: <
http://www.elsevier.com/journals/cancer-letters/0304-3835/guide-for-authors >,
Acessado em: 27 fev 2014.

Guia para autores da Melanoma Research. Disponivel em: <

http://edmgr.ovid.com/mr/accounts/ifauth.htm >. Acessado em: 27 fev 2014.
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Prezado(a) Senhor(a):

O “Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade
Estadual de Londrina” (Registro CONEP 268) — de acordo com as orientagdes da Resolugdo 196/96
do Conselho Nacional de Satide/MS e Resolugdes Complementares, avaliou o projeto:

“FERRITINA E ESTRESSE OXIDATIVO SISTEMICO COMO BIOMARCADORES DE
PROGRESSAO DO MELANOMA CUTANEO: estudo em pacientes do Instituto do Cancer de
Londrina”
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Profa. Dra. Alexandrina Apare¢ida Maciel Cardelli
Coordenadora do Comité de Etica em Pesquisa Envolvendo Seres Humanos
Universidade Estadual de Londrina

Campur Unnversitario: Rodoves Celse Garcia Cid (PR443), ks 360 = Fone (043) 371400 PABX - Fax 3284430 - Caivu Paatal 6001 - CEP 8405
Hospita) Usiversitario/Centro do Cotncias da Saide: Av. Rebert Koch, €0 - Vila Operins~ Fuse 043) 381-2000 PABX — Fax 3374841 ¢ 3377405
LONDRINA - PARANA - BRASIL

 Intcemet b weww el br

53 Puscal 291 - CEP B3840

Feon Cidiga 11764 - Fomaio A4 (210:28Tmm]



(L

142

ANEXO F
Termos de Consentimento livre e esclarecido - Pacientes portadores de melanoma

JI' UNIVERSIDADE
ESTADUAL DE LONDRINA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - Pacientes portadores de melanoma.

A — Informagdes sobre a pesquisa:

Vocé esta sendo convidado(a) a participar, como voluntario(a), da pesquisa intitulada “FERRITINA E
ESTRESSE OXIDATIVO SISTEMICO COMO BIOMARCADORES DE PROGRESSAO DO MELANOMA CUTANEO:
ESTUDO EM PACIENTES DO INSTITUTO DO CANCER DE LONDRINA”, que tem por objetivo do estudo
avaliar os niveis séricos de H e L-ferritina e moléculas provenientes do estresse oxidativo sistémico e
relaciona-los como biomarcadores de progressdo do melanoma cutdneo em pacientes com
estadiamentos | a IV. Vocé sera esclarecido(a) sobre a pesquisa em qualquer aspecto que desejar. Sua
participacdo ndo é obrigatoria e, a qualquer momento, vocé podera desistir de participar e retirar seu
consentimento, sem que isso acarrete qualquer penalidade.

B — Procedimentos do Estudo:

A pesquisa envolve a obtencdo de uma amostra sanguinea de pacientes com diferentes estadiamentos
do melanoma cuténeo, atendidos no Hospital do Céancer de Londrina. Este procedimento ndo trara
qualquer risco para o(a) senhor(a), e, apés as analises de ferritina e estresse oxidativo, as amostra serao
desprezadas de acordo com as normas da Vigilancia Sanitaria. Nossa expectativa é de que este estudo
possa fornecer ferramentas necessarias para correlacionar o estresse oxidativo e niveis de ferritina com
a progressdo da doenca, bem como verificar se ha diferencas no prognostico do paciente com
melanoma cutaneo em relagdo ao predominio de L- ou H- ferritina e se o estresse oxidativo possui
participacéo nesta diferenga.

C — Confidencialidade da Pesquisa

As informagdes obtidas através desta pesquisa serdo confidenciais e asseguramos o sigilo sobre sua
participacdo. Os dados do paciente serdo armazenados em armarios fechados a chave e ndo seréo
divulgados de forma a ndo possibilitar sua identificacéo.

Né&o serdo realizados estudos sobre 0 DNA nem estudos sobre doengas genéticas e apds a conclusdo
dos testes laboratoriais as amostras serdo descartadas.

A participacdo no estudo ndo acarretard custos para vocé e ndo haverd nenhuma compensacao
financeira adicional. VVocé recebera uma cdpia deste termo onde consta o telefone e o endereco da
coordenadora do projeto de pesquisa, da pesquisadora responsavel e do Comité de Etica em Pesquisa
Envolvendo Seres Humanos caso tenha duvidas ou necessite de maiores esclarecimentos agora ou a
qualguer momento. A coordenadora do projeto é a Prof. Dr2 Alessandra Lourengo Cecchini Armani,
gue pode ser encontrada no endereco: Rod. Celso Garcia Cid, 445, Departamento de ciéncias
Patoldgicas, Centro de Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP: 86051-970, tel.
3371-4529. O Comité de Etica encontra-se no endereco: Avenida Robert Kock, n. 60, tel. 3371-2490.
D — Consentimento livre esclarecido e informado:

Eu, , RG :
declaro que estou de acordo com as informacges contidas neste documento, fui devidamente
esclarecido(a) pelo(s) pesquisador(es) dos objetivos e procedimentos da pesquisa de maneira clara e
detalhada, e esclareci minhas duvidas. Concordo em participar voluntariamente desse estudo sendo
que poderei retirar meu consentimento a qualquer momento, antes ou durante 0 mesmo, sem
penalidades ou prejuizos no meu atendimento neste servico.

Londrina, de , 20 .

Assinatura do pesquisador responsavel:
Assinatura do doador:
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ANEXO G
Termos de Consentimento livre e esclarecido — Individuos controles

JI' UNIVERSIDADE
ESTADUAL DE LONDRINA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - Individuos controle.

A — Informacdes sobre a pesquisa:

Vocé estd sendo convidado(a) a participar, como voluntéario(a), da pesquisa intitulada “FERRITINA E
ESTRESSE OXIDATIVO SISTEMICO COMO BIOMARCADORES DE PROGRESSAO DO MELANOMA CUTANEO:
ESTUDO EM PACIENTES DO INSTITUTO DO CANCER DE LONDRINA”, que tem por objetivo do estudo
avaliar os niveis séricos de H e L-ferritina e moléculas provenientes do estresse oxidativo sistémico e
relaciona-los como biomarcadores de progressdio do melanoma cutdneo em pacientes com
estadiamentos | a IV. Vocé serd esclarecido(a) sobre a pesquisa em qualquer aspecto que desejar. Sua
participacdo ndo €é obrigatoria e, a qualquer momento, vocé podera desistir de participar e retirar seu
consentimento, sem gue isso acarrete qualquer penalidade.

B — Procedimentos do Estudo:

A pesquisa envolve a obtencdo de uma amostra sanguinea de pacientes com diferentes estadiamentos
do melanoma cuténeo, atendidos no Hospital do Céancer de Londrina e de individuos saudaveis ditos
“controle”, cujo caso se aplica a voce. Este procedimento ndo trard qualquer risco para o(a) senhor(a),
e, apos as andlises de ferritina e estresse oxidativo, as amostra serdo desprezadas de acordo com as
normas da Vigilancia Sanitaria. Nossa expectativa é de que este estudo possa fornecer ferramentas
necessarias para correlacionar o estresse oxidativo e niveis de ferritina com a progressao da doenca,
bem como verificar se ha diferencas no prognéstico do paciente com melanoma cutaneo em relagdo ao
predominio de L- ou H- ferritina e se o estresse oxidativo possui participacdo nesta diferenca.

C — Confidencialidade da Pesquisa

As informagdes obtidas através desta pesquisa serdo confidenciais e asseguramos o sigilo sobre sua
participacdo. Os dados do paciente serdo armazenados em armarios fechados a chave e ndo serdo
divulgados de forma a ndo possibilitar sua identificacao.

N&o serdo realizados estudos sobre 0 DNA nem estudos sobre doencas genéticas e apds a conclusdo
dos testes laboratoriais as amostras serdo descartadas.

A participacdo no estudo ndo acarretard custos para vocé e ndo haverd nenhuma compensacao
financeira adicional. VVocé recebera uma cépia deste termo onde consta o telefone e o enderego da
coordenadora do projeto de pesquisa, da pesquisadora responséavel e do Comité de Etica em Pesquisa
Envolvendo Seres Humanos caso tenha ddvidas ou necessite de maiores esclarecimentos agora ou a
qualquer momento. A coordenadora do projeto é a Prof&. Dr2 Alessandra Lourengo Cecchini Armani,
que pode ser encontrada no endereco: Rod. Celso Garcia Cid, 445, Departamento de ciéncias
Patoldgicas, Centro de Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP: 86051-970, tel.
3371-4529. O Comité de Etica encontra-se no endereco: Avenida Robert Kock, n. 60, tel. 3371-2490.
D — Consentimento livre esclarecido e informado:

Eu, , RG ,
declaro que estou de acordo com as informacBes contidas neste documento, fui devidamente
esclarecido pelo(s) pesquisador(es) dos objetivos e procedimentos da pesquisa de maneira clara e
detalhada, e esclareci minhas duvidas. Concordo em participar voluntariamente desse estudo sendo
que poderei retirar meu consentimento a qualquer momento, antes ou durante 0 mesmo, sem
penalidades ou prejuizos no meu atendimento neste servico.

Londrina, de , 20

Assinatura do pesquisador responsavel:
Assinatura do doador:




1) Classificagéo do tipo de pele segundo Fitzpatrick

ANEXOH
Questionario

144

FOTOTIPO | CABELOS | PIGMENTACAO SARDAS QUEIMADURA BRONZEADO
ZERO BRANCO ALBINA AUSENTE SEMPRE ZERO
I RUIVO LEITOSA NUMEROSAS SEMPRE ZERO
I LOIRO CLARA BASTANTE SEMPRE LEVE
Il CASTANHO | CLARA/PARDA POUCA FREQUENTE CLARO/
MEDIO
v ESCURO PARDA ZERO RARA ESCURO
\Y ESCURO MORENA ZERO EXCEPCIONALMENTE MUITO
ESCURO
Vi NEGRO NEGRA ZERO AUSENTE NEGRO

2) Historico de queimaduras solares graves __ vezes

3) E fumante? [ sim [ ndo

4)

5) Possui doenca cronica? [1sim [1néo

6) Faz uso continuo de algum medicamento ou vitamina? []sim [] ndo

7) Historico de melanoma familial? 1 sim 1 ndo

8) Histdrico de outro tipo de cancer? (1 sim [] ndo

9) Peso

Altura

Ingere bebida alcodlica com frequéncia? [1sim [1ndo






