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RESUMO

As etapas cruciais da carcinogénese cutanea incluem disfungdo da proteina
supressora tumoral p53 e angiogénese. A contribuicdo de tais eventos, individual e
sinergicamente, ainda n&o esta bem estabelecida na cascata de fenbmenos que

resultam no carcinoma espinocelular cutaneo.

Objetivou-se avaliar a expressao imuno-histoquimica da p53, o indice proliferativo e
a angiogénese nos estadios evolutivos do carcinoma espinocelular cutaneo,

e investigar a relagao da expressao da p53 com as demais variaveis.

Foram estimadas as porcentagens de células imunomarcadas para p53 e Ki-67 em
trés grupos de canceres: 30 queratoses solares, 30 carcinomas espinocelulares
superficialmente invasores e 30 carcinomas espinocelulares invasores. O método
Chalkley foi utilizado para quantificar a &rea microvascular, empregando-se

marcador de neoangiogénese (CD105) e pan-endotelial (CD34) em cada grupo.

A area microvascular em amostras marcadas pelo CD105 aumentou,
significantemente, com a progressao do carcinoma espinocelular cutdneo. O mesmo
nao ocorreu com o uso do CD34. Contudo, nos trés grupos (queratose solar,
carcinoma espinocelular superficialmente invasor e invasor) encontrou-se aumento
significante da area microvascular, com ambos os marcadores (CD34 e CD105),
em comparacao a respectiva pele adjacente. Nao houve diferenga significante na
taxa de células positivas para p53 e Ki-67 entre os grupos. Encontrou-se correlagao
positiva e significante entre a area microvascular marcada pelo CD105 e o indice de
marcagdao para a p53 no carcinoma espinocelular superficialmente invasor,
bem como entre o indice de marcacdo para p53 e para o Ki-67 no carcinoma

espinocelular invasor.

A conversdo angiogénica € um evento precoce no carcinoma espinocelular cutaneo,
€ a neovascularizagao é paralela a progresséo do tumor. O uso do CD105 permite
avaliar a atividade angiogénica nos tumores escamosos. A angiogénese no estadio
inicial da invasdo e a atividade proliferativa na fase francamente invasora estao

associadas com a expressao imuno-histoquimica da proteina p53. A perda da



funcdo supressora tumoral da p53, em etapas progressivas, atua diretamente na

carcinogénese cutanea.

Palavras-chave: Queratose Actinica, Neovascularizagao Patoldgica, Proliferacéo de

Células, Marcadores Biologicos de Tumor, Apoptose.



ABSTRACT

Multistep skin carcinogenesis crucially involves loss of function of p53 tumor
suppressor protein and angiogenesis. The contribution of such events, individually
and synergically, is not well established in the cascade of phenomena that results in

cutaneous squamous cell carcinoma.

We aimed to evaluate the immunohistochemical expression of p53, the proliferative
index and angiogenesis in spectral stages of cutaneous squamous cell carcinoma,

and investigate the relationship between p53 expression with the other variables.

We estimated the percentages of immunostained cells for p53 and Ki-67
(proliferation marker) in three groups of cancer: 30 solar keratoses, 30 superficially
invasive squamous cell carcinomas and 30 invasive squamous cell carcinomas.
The Chalkley method was used to quantify the microvascular area by

neoangiogenesis (CD105) and panendothelial (CD34) immunomarker in each group.

The microvascular area in CD105-stained specimens significantly increased with
cutaneous squamous cell carcinoma progression. However, no differences between
groups were found in CD34 sections. Solar keratosis, superficially invasive
squamous cell carcinoma and invasive squamous cell carcinoma samples showed
significant increases in microvascular area for both CD34- and CD105-stained
specimens compared with the respective adjacent skin. There was no significant
difference for the rate of p53- and Ki-67-positive cells between the groups. Significant
positive correlation was found between the CD105 microvascular area and the rate of
p53 positive cells in superficially invasive squamous cell carcinoma as well as
between the rate of p53- and Ki-67-positive cells in invasive squamous cell

carcinoma.

The angiogenic switch is an early event in cutaneous squamous cell carcinoma, and
the rate of neovascularization is parallel to tumor progression. In contrast to
panendothelial markers, CD105 use allows evaluating angiogenic activity in
squamous tumors. Neovascularization in the initial stage of invasion and proliferative

activity in the frankly invasive stage were both associated with p53



immunoexpression. Loss of p53 tumor suppressor function through progressive steps

is directly involved in skin carcinogenesis.

Key words: Keratosis, Actinic; Neovascularization, Pathologic; Cell Proliferation;

Tumor Markers, Biological; Apoptosis.



LISTA DE ABREVIATURAS

CBC Carcinoma(s) basocelular(es)
CC Contagem de Chalkley
CC-CD105 Contagem de Chalkley para vasos marcados pelo CD105

CC-CD34  Contagem de Chalkley para vasos marcados pelo CD34

CD105 Endoglina

CD34 Marcador do antigeno CD34 (pan-endotelial)
CEC Carcinoma espinocelular

CECC Carcinoma(s) espinocelular(es) cutédneo(s)
CECCi Carcinoma espinocelular invasor

CECGsi Carcinoma espinocelular superficialmente invasor
CPNM Cancer de pele ndo melanoma

DMV Densidade microvascular

IH Imuno-histoquimico(a)

IMKi-67 indice de marcacao para Ki-67

IMp53 indice de marcacdo para p53
Ki-67 Antigeno Ki-67

MIB-1 Clone do antigeno Ki-67

p53 Proteina 53

QSo Queratose(s) solar(es)



RUV

TGF

TP53

uv

UVA

uvB

Radiagéo ultravioleta
Transforming growth factor
Gene codificador da proteina 53
Ultravioleta

Radiacao ultravioleta A

Radiacao ultravioleta B



Figura 1-
Figura 2-
Figura 3-
Figura 4-
Figura 5-

Figura 6-

LISTA DE FIGURAS

Pag.
Estadios progressivos do CEC cutaneo no dorso da méao............... 18
Carcinogénese mutiestadiada..............ccoeevviiiiiiiiii 20
Mutacéo tipo assinatura ultravioleta.............ccccooeeeieiiiiiiiiiiiiis 21
Quantificagdo do indice de marcagao para p53 via Imagelab.......... 29
Sumario grafico da avaliagdo imuno-histoquimica........................... 43

Estadios histologicos evolutivos do CECC.............oeviiiiiiiiiieeeeeee. 45



LISTA DE QUADROS E TABELA

QUADROS
Pag.
Quadro 1- Sumario dos procedimentos imuno-histoquimicos utilizados....... 27
Quadro 2- Descricdo dos testes estatisticos.........cooovviiiiiiiiiiiiii 30
TABELA
Pag.

Tabela1- Numero de tumores estudados (n) por marcador em cada



SUMARIO

Pag.
1- INTRODUGAO. ...ttt 17
1.1- ConsideragO0es geraiS........ocouiiiiiiiiiiiiiie e 17
1.2- Epidemiologia.. ..o 19
1.3- FOtOCArCINOGENESE. . ..oiiiiiiiiii et 19
1.4- Proteinas P53 € Ki-67........uuiiiiiiiiiiiiee et 21
1.5- ANQIOGENESE.....eoiiiiiiiie e 23
1.6- A angiogénese e a progressao do carcinoma espinocelular
(o1 D) = 1 g1 o PP PPPPRR 24
2- OBJIETIVOS . .t e e e e e e 25
3= METODOS. ...ttt ettt ee s b s e et e s s ese e eaesenenens 26
3.1- SeleCa0 UOS CASOS......oiiiiiiiiiiiiiiie e 26
3.2- Avaliagao imuno-hiStoOqUIMICA.......cuuuveieiiiiiiiieee e 27
3.3- ANAlISE ESTAtISTICA. .. eieiiiieiiiiiiiec i 30
A- RESULTADOS......oouimieieeeeeeeeeeeee e eeeees e aenas e enae s aene et arasnas s 31
4.1- Artigo 1- Angiogenesis in the progression of cutaneous squamous
cell carcinoma: an immunohistochemical study of
endothelial markers...........cocoiiii 32
4.2- Artigo 2- p53 immunoexpression in stepwise progression of
cutaneous squamous cell carcinoma and correlation with
angiogenesis and cellular proliferation..............cccccoeeveeene 36
5= DISCUSSAOD. ...ttt 43
B CONCLUSAO........ooiiiiieieeiee ettt et 50
7- REFERENCIAS. ...ttt ettt 51

8- ANEXOS.......ooeoeeoeeeeeeeeeeeeeeeeeeeeee e s e e ee e s neene e 58



17

INTRODUCAO

1.1- Consideracdes gerais

Proteus seria o pai mitico do cancer por sua capacidade de adotar formas
inimeras e miméticas, com o propdsito de ndo ser identificado e questionado’.
Comparativamente, os tumores tém natureza multifacetada, morfologia e
fisiopatogenia intrincadas, que, ao certo, suplantariam as artimanhas divinas.
Analisar miudamente o cancer, na tentativa de desvendar detalhes acerca do seu
complexo funcionamento, € um exercicio desafiador, quica transcendental.
O carcinoma espinocelular cutaneo (CECC), foco do estudo em questdo,
€ especialmente singular por suas caracteristicas morfolégico-evolutivas que

despertam e merecem reflexdes.

Os achados anatomo-clinicos do CECC s&o espectrais e podem ser
avaliados desde as fases mais incipientes. A queratose solar® (QSo) ¢ a
manifestacao clinica inicial e caracteriza-se por lesao aspera e seca, e de coloragao
amarela ou castanho-acinzentada, com eritema variavel (Figura 1A).
A queratinizagdo anbmala (queratose) advém da proliferagdo atipica de
queratindcitos. A QSo é considerada a forma intraepidérmica do CECC,
uma vez que nao ha critérios clinico-patolégicos definitivos que estabelegam

diferengas entre ambos, tampouco a previsibilidade de sua agressividadez.

A transi¢ao gradual para fases mais graves do CECC, por acumulo de
alteragcdes moleculares, € sutil no dmbito clinico-patoldgico. Tal fato é ilustrado no
modelo proposto por Berhane et al., em que 50% das lesdes tidas como QSo
inflamadas (com eritema e dor) foram consideradas carcinomas espinocelulares a
histologia®. Ao exame dermatoldgico, suspeita-se de que o tumor tenha invadido a
derme diante do aparecimento de infiltracdo, enduracdo e halo inflamatdrio®
(Figura 1B). A microscopia 6tica, ndo ha elementos precisos que discriminem,
arquiteturalmente, quando o componente epitelial neoplasico adentra o nao epitelial
(derme), visto que a expansao das células tumorais imita o crescimento da epiderme

sa e remete a falanges apontando a profundidade®.

0 termo queratose actinica foi substituido por queratose solar, uma vez que este especifica a origem
dos raios luminosos responsaveis pelas lesdes cutaneas estudadas.
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O CECC pode apresentar tamanho e volume variaveis, com superficie
verrucosa, ulcerada, vegetante, crateriforme, entre outras (Figura 1C). A neoplasia &,
frequentemente, indolente, porém tem potencial agressivo e pode levar a destruicéo
tecidual por contiguidade, a disseminagdo para linfonodos e outros 6rgaos,
e a morte. Os fatores prognésticos de metastase nodal e do éxito letal sdo: tamanho
maior que dois centimetros, diferenciacdo menor, invasdo do subcutaneo e do

espaco perineurala.

Figura 1- Estadios progressivos do CEC cutaneo no dorso da méao: forma
intraepidérmica (A), lesdo com sinais invasao dérmica (escamo-crosta e
infiltragédo) (B), tumor invasor (C). Fonte: acervo fotografico da Disciplina

de Dermatologia - FCM - Unicamp.
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1.2- Epidemiologia

No Brasil, apesar de subdiagnosticado e subnotificado, o cancer de pele
ndao melanoma (CPNM) é o mais incidente na populagdo. Preveem-se
182.000 casos novos/ano para 2014 e 2015, que correspondem a 25% de todos os
tumores malignos estimados no pais’. O CECC perfaz 20 a 30% dos casos de

CPNM e ocupa a segunda posigéo, precedido pelo carcinoma basocelular (CBC).

A incidéncia do CECC aumentou em torno de 50 a 200% na América nas
ultimas trés décadas®, o que constitui um alarmente problema, com impacto
econdmico individual e para a salude publica’. Cerca de 4% dos pacientes tém

|10

metastase nodal'® e 1,5% morrem em decorréncia do CECC"', o maior responsavel

pelas mortes entre os CPNM.

1.3- Fotocarcinogénese

Carcinogénese (ou tumorigénese) é a cascata de eventos que resulta na
formagdo do cancer'?. Neste estudo, o termo carcinogénese designa a
transformacao maligna a partir da célula sa, o crescimento e a disseminagao do

tumor, por considera-los desdobramentos evolutivos.

O acumulo interativo de alteragdes genéticas, epigenéticas, bioquimicas e
imunoldgicas, no microambiente tumoral, fundamenta a progressao bioldgica
tumoral. Modelos animais - cujo substrato inicial incluiu a pele de camundongos -
submetidos a doses baixas de agentes carcinogénicos permitiram o estabelecimento
dos multiplos estadios, sequenciais e escalonados, da carcinogénese, aplicaveis ao

cancer humano'? (Figura 2).
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Iniciacao Promocdo

Progressdo bioldgica: leva anos a décadas

Figura 2- Carcinogénese multiestadiada. Na iniciagdo, o gene critico de uma célula
sofre mutacdo, geralmente, de uma célula tronco (A). Durante a
promogao, ocorre a expansao clonal da célula que contém a mutagéo (B),
o que aumenta a chance de esta célula sofrer outras mutacgdes.
A proliferagao celular cronica resulta no aparecimento dos papilomas nos
modelos animais (C). A queratose solar (D) € considerada pré-neoplasica
pela maioria dos autores. A progressdo tumoral decorre de novas
alteracdes genéticas, levando a maior agressividade (conversao maligna),
invasao (E, F) e metastase. A queratose solar, por seu perfil molecular e

morfolégico, pode ser compreendida como elemento da progressao.
Adaptado de: Vulimiri SV, DiGiovanni J. Carcinogénese, in: Pollock RE (Ed), UICC
manual de oncologia clinica, oitava ed. Fundagdo Oncocentro de Sdo Paulo, Sdo Paulo,
2006. p.31.

A iniciagdo do cancer, na maioria dos casos, advém da atuagdo de um
carcindgeno sobre o genoma®, com consequente inibicdo de um gene supressor
tumoral ou ativagdo de um oncogene' (Figura 2). A mutacdo do gene supressor
tumoral p53 (TP53) ocorre em cerca de 90% dos CECC', e o espectro ultravioleta
(UV) da luz solar é o principal indutor, especialmente, o feixe ultravioleta B (UVB) e,
em menor grau, o ultravioleta A (UVA)™.

O DNA do queratinécito absorve a radiagao ultravioleta (RUV) e sofre
rearranjos moleculares. Quando nao corrigidos pelos mecanismos de reparo do
DNA, originam mutac¢des especificas, conhecidas como assinatura ultravioleta.
Consistem de mudangas de citosina para timina (C-T), ou transicdo em série de
duas citosinas para duas timinas (CC-TT)' (Figura 3). O TP53 sofre mutac&o do tipo
assinatura UV na maioria dos CECC™",
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Figura 3- Mutacéo tipo assinatura ultravioleta. A absorgdo da radiacao ultravioleta
induz a formacédo de ligagdes covalentes entre bases pirimidinicas
adjacentes, estruturas conhecidas como dimeros pirimidinicos. Ha uma
distorcdo configuracional da cadeia de DNA, levando os dimeros a
ligarem-se sempre a adeninas na fita oposta durante a primeira
replicagcdo. Em seguida (na segunda replicagao celular), tal adenina sera
pareada com timina, que substitui a citosina original. RUV: radiagao

ultravioleta; Assinatura UV: assinatura ultravioleta. Adaptado de: Capitanio JS.
Instabilidade genémica em carcinoma basocelular humano revelada através da anélise
de sequéncias repetitivas [Dissertacdo]. Sdo Paulo (SP): Universidade de Sao Paulo;

2008.

1.4- Proteinas p53 e Ki-67

O TP53 codifica uma fosfoproteina nuclear de 53 quilodaltons,
conhecida como proteina 53 (p53). Ao ser transcrita, garante a integridade do
genoma por meio: 1) do controle do ciclo celular, II) do reparo do DNA,
) e da inducdo da apoptose e da senescéncia, além de outras fungdes

oncossupressoras como inibicdo da angiogénese.
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Quando sofre mutagdo, a p53 perde a capacidade de ligar-se a
sequéncias especificas de DNA e ativar genes alvos. Estas células tornam-se
instaveis e tem o potencial de acumular anormalidades genéticas, como novas
mutagdes e rearranjos cromossdmicos'®". A promogao tumoral, desencadeada por
nova exposi¢cao UV, decorre da vantagem clonal das células que sofreram mutagao
em relacdo as vizinhas, uma vez que estas sofreriam apoptose induzida pela p53

selvagem, e aquelas, nao' 819,

A mutagao do TP53 ¢é idéntica nas porgdes intraepidérmica e invasora do
CECC??" porém é diferente em comparacdo a da pele cronicamente fotoexposta
adjacente®®. Na transicdo para a QSo, a célula sofreria nova mutagdo, que poderia
incluir, pela segunda vez, o TP53%". Ahmadian et al. demonstraram mutacdo do
TP53 em 70% das amostras da pele fotoexposta (imunomarcada para p53) e das
QSo, e perda da heterozigosidade somente nas QSo - em 40% dos casos®. Sabe-
se que a perda de heterozigosidade é relativamente infrequente no CECC, em
comparagao a tumores de outros 6rgaos; em contrapartida, a mutagao independente

nos dois alelos do TP53 é mais encontrada™®.

A protecdo genbmica, atribuida a p53 selvagem, paradoxalmente,
pode ocorrer quando a proteina adquire a mutacéo. As células que contém mutacao
do TP53 acumulariam DNA danificado, com consequente desvio da mitose,
diferenciacao e descamacao celulares. Para o aparecimento dos clones neoplasicos,
segundo Freije et al., este sistema teria de ser burlado por meio de alteracdes

adicionais que suprimissem o bloqueio da duplicagado®.

A p53 selvagem tem a meia vida muito curta, de seis a 20 minutos?*.
Ha positividade imuno-histoquimica (IH) da proteina quando esta se acumula no
ntcleo: a forma selvagem, sob estimulo genotdxico e hipdxico®®; e a que sofreu
mutacdo, por ser metabolicamente mais estavel - com meia vida entre uma e
24 horas®. A expressao IH da p53 relaciona-se com a cronicidade da exposicao

solar'®, e é detectavel nos diversos estadios do CECC?%%’.

A multiplicagdo das células tumorais € um mecanismo-chave na
oncogénesezs. A expansdo neoplasica tem como fatores contribuintes: ) a auto-

suficiéncia em relagdo aos sinais reguladores do crescimento tumoral, a saber:
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citocinas [como o transforming growth factor (TGF)] e interleucinas; Il) a perda da
senescéncia (potencial replicativo limitado); 1lI) a evasdo da apoptose,
e V) a neovascularizagao continua®®. Os trés ultimos estdo relacionados ao dano

funcional da p53.

A proteina Ki-67, codificada por gene localizado no cromossomo 10,
é expressa durante as fases G1, S, G2 e M do ciclo celular®. A partir de fragmentos
recombinantes do antigeno Ki-67 (Ki-67), obteve-se o anticorpo MIB-1*",

comumente utilizado nos ensaios IH para a avaliagao da proliferagéao tumoral?®.

A estimativa do indice proliferativo, a partir da taxa de positividade para o
Ki-67, é utilizada para predizer o comportamento tumoral e o prognostico de
pacientes com alguns tipos de cancer, como o de mama®’. No CECC,
alguns autores apontam para a relacdo entre proliferacdo e grau de

33,34,35,36

malignidade , mas ha sugestbes da distingdo das lesbes a partir do padréo

morfolégico da imunomarcacdo>".

A p53 apresenta imunomarcacgao, a técnica IH, nas células periféricas e
indiferenciadas do CECC e, portanto, estaria relacionada a capacidade proliferativa
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da célula tumoral™. Tal fato & corroborado pela correlagdo com a marcacgéao IH pelo

33,35,36,40

Ki-67 demonstrada por alguns autores , € sinaliza os multiplos papéis da p53

na carcinogénese cutanea.

1.5- Angiogénese

A pele necessita da sua rica vascularizacdo para adequadas nutricao,
oxigenacdo, remocao de residuos, via de acesso imunoldgico e termorregulacéo®’.
De maneira analoga, o tecido tumoral em crescimento dependera de suporte
vascular adequado®’. Os vasos, até entdo quiescentes, passam a ter sua
proliferacdo estimulada pelas células tumorais, por meio de do aumento de
substancias indutoras da multiplicagdo vascular em relacdo as inibidoras*?,
fenébmeno conhecido como conversdo angiogénica (do inglés: angiogenic switch).
Ha o desenvolvimento de novos vasos a partir dos vasos antigos,

fendmeno denominado angiogénese.
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Conceitualmente, a angiogénese ocorre em situagdes fisiologicas e
patologicas, como nas lesdes tumorais e metastaticas. O termo é considerado

sinbnimo de neoangiogénese e neovascularizagao.

A indugcdo de novos vasos pode ser dinamicamente estimulada nos
diversos estadios da evolugao tumoral. Estudos em ratos e humanos apontam para

a convers3o angiogénica precoce no CECC**°4¢,

1.6- A angiogénese e a progressao do carcinoma espinocelular cutaneo

A progressdo tumoral, orquestrada pelas alteragbes moleculares
cumulativas, € caracterizada pelo aumento da massa de células neoplasicas,
da autonomia celular, do poder de invasdo e da capacidade metastatica’.
Nesta fase, o suprimento vascular tumoral e o acesso ao sistema vascular do

hospedeiro sdo cruciais e tem potencial limitante®’.

As alteragbes genéticas ligadas a transformagdo maligna celular,
como a inativagao de genes supressores tumorais, sdo responsaveis por parte do
recrutamento dos novos vasos*®. A angiogénese depende do comportamento da
p53*", que perde a capacidade inibitria quando mutada*®. Paralelamente,
a neovascularizagdo garante o aporte metabdlico e o endotélio ativado gera fatores
de crescimento paracrinos® e contribui para a secrecido de enzimas

51,52

proteoliticas , elementos que colaboram com o crescimento tumoral, invasdo e

metastase.

A angiogénese e a perda da funcdo do TP53 s&o eventos fundamentais
para o desenvolvimento dos tumores e suas inter-relagbes fisiopatogénicas

permanecem pouco exploradas na progressao do CECC.
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OBJETIVOS

2.1- Objetivo geral

Avaliar a expressdo da proteina p53, o indice proliferativo e a
angiogénese nos estadios evolutivos do CECC, e a relagdo entre eles, a fim de

agregar conhecimentos aos mecanismos implicados na carcinogénese cutanea.

2.2- Objetivos especificos
Artigo 1

1) Medir a area microvascular na derme contigua ao fronte tumoral nos grupos
do CECC: I) queratose solar; Il) carcinoma espinocelular superficialmente
invasor; e Ill) carcinoma espinocelular invasor, utilizando-se dos marcadores
imuno-histoquimicos pan-endotelial (CD34) e de vasos neoformados

(CD105). Comparar os resultados entre os grupos.

2) Medir a area microvascular da derme nao afetada adjacente a neoplasia em

cada grupo e compara-la com a do fronte tumoral do respectivo grupo.

Artigo 2

3) Quantificar os indices de marcagao das proteinas p53 e Ki-67 (por meio do
clone MIB-1) nos seguintes grupos do CECC: ) queratose solar;
[I) carcinoma espinocelular superficialmente invasor; e lll) carcinoma

espinocelular invasor. Comparar os resultados entre os grupos.

4) Avaliar a relagao entre o indice de marcacgao para p53 e a area microvascular

imunomarcada pelo CD105 em cada grupo.

5) Avaliar a relagao entre o indice de marcagao para p53 e para Ki-67 em cada

grupo.
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METODOS

3.1- Selecédo dos casos

O projeto de pesquisa foi aprovado pelo Comité de Etica em Pesquisa da
Faculdade de Ciéncias Médicas (FCM) da Universidade Estadual de Campinas

(Unicamp) e pelo Comité de Etica em Pesquisa do Ministério da Saude.

Trata-se de um estudo retrospectivo, observacional, descritivo, tranversal.
Foram resgatados espécimes cirurgicos de CECC do dorso das maos, punhos ou
antebragos, arquivados (entre 2001 a 2008) no Departamento de Anatomia
Patoldgica da Faculdade de Ciéncias Médicas - Unicamp. As informagdes clinicas
foram obtidas dos prontuarios no Servico de Arquivo Médico. Foram incluidas
apenas amostras de individuos brancos e excluidas as de pacientes com doencgas
predisponentes ao cancer de pele, ou seja, poiquilodermia, xeroderma pigmentoso,

albinismo, arsenicismo, imunodeficiéncia e radioterapia prévia.

Os tumores foram classificados em: I) QSo, ou CEC intraepidérmico;
II) carcinoma espinocelular superficialmente invasor (CECsi), quando a neoplasia
preenchia a derme papilar e/ou atingia a reticular superficial; e Ill) carcinoma
espinocelular invasor (CECi), quando penetrava ou ultrapassava a derme reticular
média. Esta subdivisdo é rotineiramente utilizada para a avaliacdo dos CECC,
no Laboratério de Anatomia Patolégica do Hospital de Clinicas - Unicamp,

por sua praticidade e reprodutibilidade.

A fim de evitar que o processo inflamatério e o remodelamento dérmico
modificassem as caracteristicas vasculares, foram também excluidas as lesbdes

ulceradas ou com fibrose secundaria a procedimentos prévios.

As neoplasias que preencheram os critérios descritos foram

aleatoriamente selecionadas até completar 30 amostras por grupo.
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A técnica empregada foi descrita nos artigos 1 e 2 e resumida no

quadro 1.

Quadro 1- Material e procedimentos imuno-histoquimicos utilizados

Estudo IH Anticorpos

p53 Ki-67 CD34 CD105
Clone DO-7 MIB-1 QBENd10 Sn6h
Diluigao 1:100 1:150 1:100 1:10
Recup. Ag. | Calor (Tris-EDTA) | Calor (Tris-EDTA) | Proteinase K Pepsina
Padrao IH Nucleo cel. neopl. | Nucleo cel. neopl. | Membr. endot. Membr. endot.
Controle + | Epitélio adjacente | Epitélio adjacente | Tec. Granulagéo | Tec. Granulagao
Controle - | Omisséo ac. 1° Omissao ac. 1° Omissao ac. 1° | Omissao ac. 1°

IH: imuno-histoquimico; Recup. ag.: recuperacédo antigénica; Tris-EDTA: tampdao Tris-EDTA (pH
9) na panela a vapor; Nucleo cel. neopl.: nicleo da célula neoplasica; Membr. endot.. mambrana
endotelial; Controle +: controle positivo; Controle-: controle negativo; Tec. Granulagao: tecido de

granulag&o oriundo de tecido tonsilar; Omissdo ac. 1°: omiss&o do anticorpo primario.

1) Quantificacdo dos vasos

Dentre as técnicas utilizadas para a morfometria da vasculatura tumoral
(revisados no artigo 1), optou-se pelo método Chalkley (estimativa da area ocupada

pelos vasos) por sua praticidade e reprodutibilidade®.

Clones tumorais angiogénicos seriam responsaveis por induzir areas
hipervascularizadas®. Os sitios quentes (inglés: hot spots), campos selecionados
por conter o maior numero de células endoteliais imunomarcadas, sdo amplamente

utilizados para a quantificagdo dos vasos®°.

Em cada amostra, trés sitios quentes, sob o uso do CD34 e CD105,
foram selecionados (em aumento de 100x). A ocular com a graticula de Chalkley era

girada, de forma que seus pontos coincidissem com as células endoteliais
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imunomarcadas (em aumento de 400x); e o resultado, anotado. O procedimento foi
realizado quatro vezes em cada campo, com a graticula em diferentes posicoes,
escolhendo-se o0 maior valor. A contagem de Chalkley (CC) resultou da média obtida

em trés sitios quentes.

2) Quantificacao da p53 e do Ki-67

Campos a partir do ponto central do tumor foram sorteados, seguindo a
tabela dos numeros aleatérios de Fischer. O local foi fotografado e marcado para
que nao se repetisse no préximo sorteio. Obtiveram-se as imagens digitais por meio
de camera fotografica Canon PowerShot A630 acoplada ao microscépio
Nikon Eclipse E200 CX30 (X40 objetiva). As células positivas e negativas foram
contadas com o auxilio do software Imagelab 2000® (versdo 2.4), até o total de,
pelo menos, 500 células (Figura 4). O indice de marcagao para o p53 (IMp53) e para
o Ki-67 (IMKi-67) foi calculado dividindo-se as células positivas pelo total células

neoplasicas respectivamente.
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Figura 4- Quantificagdo ilustrativa do indice proliferativo, por meio do Ki6, com o uso

do programa Imagelab. Os nucleos sdo marcados manualmente (positivos
com pontos brancos, negativos com os pontos pretos), e os valores
aparecem ao final da tela. Fonte: Watanabe, IC. Estudo comparativo da
angiogenese, expressao de p53 e indice proliferativo em lesdes ceratoacantoma-similes,

com énfase na regressdo clinica. Dissertagdo (Mestrado em Ciéncias Médicas),
Unicamp. 2010.
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Os testes estatisticos para analise dos dados foram descritos nos artigos

1 e 2 e encontram-se resumidos na quadro 2.

Quadro 2- Descrigao dos testes estatisticos

Variaveis Descricao Teste estatistico

CC-CD105 Comparagéo entre QSo,

Analise de variancia
CC-CD34 CECsi e CECi
CC-CD105 Comparacao entre tumor e

. Teste T dependente

CC-CD34 pele adjacente
IMp53 Comparacdo entre QSo,

Teste de Kruskal-Wallis
IMKi-67 CECsi e CECi
IMp53
CC-CD105 Correlacao entre variaveis | Coeficiente de Spearman
IMKi-67

CC-CD34: contagem de Chalkley com o CD34; CC-CD105: contagem de Chalkely com o
CD105; IMp53: indice de marcacgao para p53; IMKi-67: indice de marcagéo para Ki-67;

QSo: queratose solar; CECsi: carcinoma espinocelular superficialmente invasor;

CECi: carcinoma espinocelular invasor.
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RESULTADOS

Os tumores foram considerados negativos para determinado marcador
quando apresentavam controle interno positivo, porém auséncia de reagdo na area
estudada. Apenas as amostras cujo controle interno era negativo foram excluidas
(dropouts). O numero final de tumores incluidos no estudo, para cada marcador,

encontra-se descrito na Tabela 1.

Tabela 1- Numero de tumores estudados (n) por marcador em cada grupo

Marcador QSo CECsi CECi
p53 25 28 28
Ki-67 29 29 29
CD105 29 30 30
CD34 29 30 30
QSo: queratose  solar;  CECsi: carcinoma  espinocelular

superficialmente invasor; CECi: carcinoma espinocelular invasor;
p53: proteina 53; Ki-67: antigeno Ki-67; CD34: marcador
pan-endotelial CD34; CD105: marcador de neoangiogénese CD105.
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OBIJECTIVE: To demonstrate the role of angiogenesis in the progression of cutaneous squamous cell carcinoma.

INTRODUCTION: Angiogenesis is a pivotal phenomenon in carcinogenesis. Its time course in cutaneous squamous
cell carcinoma has not yet been fully established.

METHODS: We studied the vascular bed in 29 solar keratoses, 30 superficially invasive squamous cell carcinomas and
30 invasive squamous cell carcinomas. The Chalkley method was used to quantify the microvascular area by
comparing panendothelial (CD34) with neoangiogenesis (CD105) immunohistochemical markers. The vascular bed
from non-neoplastic adjacent skin was evaluated in 8 solar keratoses, 10 superficially invasive squamous cell
carcinomas and 10 invasive squamous cell carcinomas.

RESULTS: The microvascular area in CD105-stained specimens significantly increased in parallel with cutaneous
squamous cell carcinoma progression. However, no differences between groups were found in CD34 sections. Solar
keratosis, superficially invasive squamous cell carcinoma and invasive squamous cell carcinoma samples showed
significant increases in microvascular area for both CD34- and CD105-stained specimens compared with the
respective adjacent skin.

DISCUSSION: The angiogenic switch occurs early in the development of cutaneous squamous cell carcinoma, and the
rate of neovascularization is parallel to tumor progression. In contrast to panendothelial markers, CD105 use allows
a dynamic evaluation of tumor angiogenesis.

CONCLUSION: This study demonstrated the dependence of skin carcinogenesis on angiogenesis.

KEYWORDS: Pathologic neovascularization; CD105 antigen, human; CD34 antigen; skin neoplasms; keratosis,
actinic.
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INTRODUCTION Although the complex events leading to cancer progres-
. . . sion are not yet entirely clear, they certainly involve close

Non—melangma skin cancer is the most COmMMmOnN cancer in interactions between neoplastic cells and the microenviron-
huma:l'ls and is more prev.alen.f among fair-skinned indivi- ment** The recruitment of new capillary blood vessels
duals.” However, if the in situ component of cutaneous (angiogenesis) is a prerequisite for clonal expansion, tumor
squamous cell carcinoma (CSCC), that is, solar keratosis growth, invasion and metastasis in most cancers.2® The

(SK), were accounted for in ep:idemiolg:gy, CSCC would be dependence on neovascularization for CSCC invasion
the most frequent human malignancy.” remains controversial.

A tumor vascular bed may be quantified by different
means, including the microvascular density (MVD) and
Chalkley microvascular area methods.® The evaluation of
MVD using panendothelial markers, for example, CD34,

Copyright © 2011 CLINICS — This is an Open Access article distributed under may assess the vascular status of a tumor bed but not its
the terms of the Creative Commons Attribution Non-Commercial License (http:// angiogenic activity.7

creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non- . . . §
commercial use, distribution, and reproduction in any medium, provided the CD105, also known as endoglin, is a cell membrane

original work is properly cited. glycoprotein responsible for the modulation of endothelial
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responses to transforming growth factor  (TGFB).® Endoglin
is associated with proliferation and may be induced by
hypoxia, thus playing an important role in vascular devel-
opment and remodelling.®® The expression of CD105 has
been repeatedly demonstrated to be strongly positive in
tumor vessels when compared with normal tissue.”'’

The aim of this study was to quantify the vasculature at
the different stages of carcinogenesis of CSCC by comparing
panendothelial to neoangiogenesis markers.

MATERIALS AND METHODS

CSCC specimens from dorsal hands or forearms had been
routinely formalin fixed and paraffin embedded, and we
randomly retrieved those dated between 2001 and 2009
from the files of the Department of Pathology, Faculty of
Medical Sciences, University of Campinas (UNICAMP). A
total of 89 hematoxylin-eosin-stained slides were reviewed
and divided into 3 groups: 1) the in sifu component, solar
keratosis (SK, N =29); 2) superficially invasive squamous
cell carcinoma (siSCC, N=30); and 3) invasive squamous
cell carcinoma (iISCC, N=30). Because the borderline
between SK and early CSCC is not clear cut and SK satisfies
all of the histopathological criteria for CSCC, SK is
considered to be a kind of in situ CSCC.>

Tumors from patients with xeroderma pigmentosum,
albinism, arsenicism, any kind of imunosuppression, or a
history of previous radiotherapy were not included.

This study was approved by the Research Ethics
Committee of the State University of Campinas, Brazil.

Immunohistochemical staining

The following primary antibodies were used: CD34
(QBEnd-10; DAKO, Glostrup, Denmark) at a dilution of
1:150 and CD105 (SNéh; DAKO, Carpinteria, USA) at a
dilution of 1:10. All slides were incubated for 25 minutes
and 12 hours at room temperature with CD34 and CD105,
respectively. For CD34, antigen retrieval was effected using
0.25% proteinase K (DAKO, Carpinteria, USA) at 37 C
for 10 min. For CD105, antigen retrieval was effected using
0.4% pepsin at 37 C for 30 min. CD105 sections were
also incubated with serum-free protein block (DAKO,
Carpinteria, USA) at 37 'C for 30 min. The EnVision Plus
polymer (DAKO, Carpinteria, USA) was used as a reaction
amplifier. Appropriate control (granulation tissue) was
included in each test. Negative control was obtained by
omitting the primary antibody. Both CD34 and CD105 are
cell membrane proteins; therefore, immunoreactivity was
considered positive when a membrane staining pattern was
found in endothelial cells.

Microvessel quantification

The microvessel area was estimated using the Chalkley
point counting systern,” a reproducible method for the
immunohistochemical evaluation of angiogenesis.'*'* Brie-
fly, a 25-point Chalkley eyepiece graticule was applied to
the areas of the tumor with the highest microvessel profiles,
called hot spots.® The intersecting points were recorded at a
specific magnification, as was the corresponding defined
Chalkley grid area. The Chalkley count was calculated as
the mean value of three or four graticule counts.

Histological sections were blindly scanned at low
magnification (100x) by two observers to identify the hot
spots in tumor fronts, ie., in the boundary stroma from
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typical areas of the three groups. A 25-point Chalkley
eyepiece graticule was then applied to each hot spot, using a
magnification of 400 (Chalkley grid area 0.041 mm?). The
Chalkley count (CC) was obtained by finding the mean
value of three graticule counts. Specimens with adjacent
non-neoplastic skin that exhibited sufficient stroma for the
evaluation of vascular hot spots were also studied.
Therefore, we analyzed 28 slides: eight from skin adjacent
to SK, ten from siSCC, and ten from iSCC.

Statistical analysis

The data were tested using Winstat 3.1 software (Kalmia
Company Inc, Cambridge, USA). T-test dependent and
analysis of variance (ANOVA) were used to evaluate
differences between groups.

RESULTS

Whereas the CDI105 Chalkley count significantly
increased with CSCC progression from SK to iSCC
(ANOVA, P=0.006) (Figures 1 and 2), the CD34 Chalkley
count was not correlated with tumor stage (ANOVA,
P =0.55). In addition, the CD34 and CD105 Chalkley counts
of the advancing tumor fronts were significantly higher than
those of the respective adjacent non-neoplastic tissue (P
values in Table 1). When the Chalkley counts of adjacent
non-neoplastic tissue were compared between the groups,
no significant differences were found for either the CD34
(P=0.44) or CD105 (P =0.89) immunomarkers.

Endothelial cell immunoreactivity for CD105 was positive
in 28.6% (eight) of 28 adjacent non-neoplastic tissue samples
and 78.7% (70) of 89 tumor lesions. For CD34, these rates
were 96.4% and 100%, respectively.

DISCUSSION

There is an ongoing debate over the malignant nature of
SK.>'*° Tt has been estimated that 10% of SKs invade the
dermis."* The tendency to spread, the lethal potential of
untreated lesions and the full CSCC histopathological
criteria found in SK make considering SK a type of in situ
CSCC reasonable.” Understanding the pathophysiology of
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Figure 1 - CD105 mean Chalkley counts for solar keratosis (SK),
superficially invasive squamous cell carcinoma (siSCC) and
invasive squamous cell carcinoma (iSCC).
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Figure 2 - Vascular hot spots in CD105-tained adjacent non-
neoplastic skin (A), SK (B), siSCC (Q), and iSCC (D).

carcinogenesis is crucial for developing therapies for and
preventing complications of this common neoplasm.

After centuries of observation and research, the vascular
bed of tumors is still an area of interest due to its role in
malignancy progression. Several mechanisms are responsi-
ble for tumor blood supply, including angiogenesis. The
angiogenic theory supports the possibility that tumor cells
can elicit growth of new capillary endothelium. A positive
balance between angiogerlesis inducers and countervaj]jng
inhibitors activates the “angiogenic switch,” the tansfor—
mation of a quiescent vascular bed into a proliferating one.”

The quantification of vasculature in human tumors began
in 1991, when vessels were immunohistochemically high-

Table 1 - Mean CD34 and CD105 Chalkley counts in
stroma from tumor fronts and adjacent non-neoplastic
skin.

CD34 CC CD105 CC
Adjacent Tumor Adjacent Tumor
skin front P skin front P
SK 1.91 3.25 0.049 0.08 1.66 0.046
siSCC 2.06 3.50 0.016 0.36 2.46 0.0008
iSCC 2.16 3.96 0.028 0.46 3.73 0.001

CC: mean Chalkley count, SK: solar keratosis, siSCC: superficially invasive
squamous cell carcinoma, iSCC: invasive squamous cell carcinoma.
Differences between tumor front and adjacent skin were evaluated by T-
test dependent.
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lighted with antibodies to factor VIII-related antigen." Since
then, several immunohistochemical markers have been used
to stain and study vessels.*'* However, panendothelial
markers, such as CD34, CD31, factor VII and von
Willebrand factor do not distinguish between small and
large vessels."” One alternative to panendothelial markers is
CD105, which is over-expressed in proliferating endothelial
cells and is strongly up-regulated in the endothelium of
various neoplastic tissues compared with normal ones,*!"**
Qur results reinforced the neoangiogenic character of this
marker because CD105 expression was less evident in
vessels from chronic sun-damaged adjacent non-neoplastic
tissue (28.6%) than in those from the tumor front (78.7%)
(Figure 2), in contrast to the indiscriminate immunoreactiv-
ity found in CD34 samples.

Among the different techniques used for the immunohis-
tochemical study of angiogenesis, we chose the Cha]klez
method because it is considered to be the most accurate.™
Specifically, the Chalkley method abolishes the observer-
dependent judgment in quantifying adjoining immunos-
tained structures, such as deciding whether a vessel is vessel
single or two distinct blood vessels."”” Whereas early CSCC
cells distribute parallel to the epidermis, the developed
CSCC cells spread out though the dermis, and vessels
accompany the tumor architecture. Because the Chalkley
method considers intersecting points within the circumfer-
ential area of the ocular, the distribution of the structures
influences the count. Of the magnifications normally used
(200, 250 and 400 x),*'® we considered it more reliable to use
the highest (400x) so that vessels from different groups
could be distributed in the circumference.

In this study, vessels were assessed in the stroma of the
tumor front, regardless of whether they were intra- or peri-
tumoral, because islands of desmoplasia and angiogenesis
are created at sites where multiple cutaneous carcinoma
protrusions invade the dermis.

Angiogenesis can be activated at different stages of tumor
progression.* For example, Smith-McCune ef al. studied the
multi-stage progression of invasive CSCC in transgenic mice
and concluded that the angiogenic switch occurs during the
premalignant stages of tumorigenesis.” In addition,
Coussen et al. proposed that the disruption of the stromal
architecture in the dermis at the dysplastic stage could be
related to the release of matrix-bound heparin-binding
growﬂ1 factors and the consequent activation of angiogen-
esis?

The data regarding human CSCC are controversial in part
because researchers evaluate angiogenesis in different ways.
For example, Strieth et al. analyzed mean vascular density in
CD31-immunostained vessels from normal skin, SK, hyper-
trophic SK, and early and ]atestage CSCC samples via
computer-assisted imagery.”’ Only late stage CSCCs exhib-
ited a significant increase in vascularization using this method.
In contrast, Nijsten ef al. compared maximum and mean CD34
Chalkley counts in vascular hot spots of normal skin, SK and
iSCC and found Sngﬁcanﬂy higher counts in both SK and
iSCC than in normal skin.?? This group also studied the active
angiogenesis rate through the endothelial cell proliferation
(ECP) fraction using double labeling of Ki-67/CD34 endothe-
lial cells. The ECP was found to be 31g111ﬁcanﬂy increased and
was parallel to CSCC progression.”

The present study showed that the angiogenic switch occurs
early in the development of CSCC, which was demonstrated
using both panendothelial and neoangiogenesis markers.
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Using the panendothelial CD34 stain, no differences were
found in the microvascular area betw een the different stages of
CSCC. However, the CD105 stain revealed an induction of
newly formed vessels that accompany the progression of
CSCC. Therefore, Nijsten’s data™ were corroborated by our
findings, which emphasizes the necessity of assessing tumor
angiogenesis through active angiogenesis markers (ECP and
CDI105).

It has been proposed that angiogenesis onset occurs not
only for metabolic supply but also for the establishment of
invasion pathways by producing proteases and/or for
guiding tumor cells.*?! Because SKs are limited lesions,
angiogenesis induction in this stage supports their invasive
carcinomatous behavior.

A lower MVD has been found in neoplastic tissue in
glioblastomas and renal, colon and mammary carcinomas
compared with their respective normal tissues.® As a result,
Eberhard et al. and Hlatky et al. have suggested that
techniques for assessing microvessel density using pan-
endothelial markers estimate the vascular bed amount of a
tissue but not the angiogenic status, that is, the rate of
evolving neovasculature.”* Because neo-angiogenesis mar-
kers allow the dynamic evaluation of tumor-dependent
angiogenesis, they should be considered for assessing
angiogenic status in the future.

CONCLUSION

The dependence of skin carcinogenesis on angiogenesis
demonstrated in this study is useful for understanding
CSCC evolution and metastatic dissemination and for the
development of new therapeutic strategies, such as anti-
angiogenic therapies, that specifically target CD105.
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Multistep carcinogenesis involves loss of function of tumor suppressor proteins such as p53 and induction
of angiogenesis. Such mechanisms contribute to cutaneous squamous cell carcinoma progression and

We aimed to explore p53 immunoexpression in spectral stages of cutaneous squamous cell carcinoma
and correlate expression to both neovascularization and cellular proliferation.

We estimated the percentages of immunostained cells for p53 and Ki67 (proliferation marker) in three

groups: 23 solar keratoses, 28 superficially invasive squamous cell carcinomas and 28 invasive squamous
Squamous cell carcinoma cell carcinomas. The Chalkley method was used to quantify the microvascular area by neoangiogenesis
Solar keratosis (CD105) immunomarker in each group.
Ki67 There was no significant difference for rate of p53- and Ki67-positive cells between groups. Significant
CD105 positive correlation was found between the CD105 microvascular area and the rate of p53 positive cells
in superficially invasive squamous cell carcinoma as well as between the rate of p53- and Ki67-positive
cells in invasive squamous cell carcinoma.

p53 and Ki67 immunoexpression did not increase with cutaneous squamous cell carcinoma progres-
sion. Neovascularization in the initial stage of invasion and proliferative activity in the frankly invasive
stage were both associated with p53 immunoexpression. Loss of p53 tumor suppressor function through

Carcinogenesis
Tumor suppressor gene

progressive steps may be directly involved in skin carcinogenesis.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

Nonmelanoma skin cancer (NMSC) has significantly increased
worldwide in recent decades [1-4]. Ultraviolet radiation (UVR)

Abbreviations: BAI1, brain-specific angiogenesis inhibitor 1; bFGF, basic fibro-
blast growth factor; bFGF-BP, bFGF-binding protein; CC, Chalkley count; CD105,
endoglin; COX-2, cyclooxygenase-2; CSCC, cutaneous squamous cell carcinoma;
HIF1a, hypoxia inducible factor 1a; iSCC, invasive squamous cell carcinoma; Ki67,
Ki67 protein; LI, labeling index; MVD, microvascular density; NMSC, nonmelanoma
skin cancer; p53, tumor protein p53; PCNA, proliferating cell nuclear antigen; SCC,
squamous cell carcinoma; SK, solar keratosis; siSCC, superficially invasive squamous
cell carcinoma: TGF-B, transforming growth factor [#: TP53, tumor protein 53 gene;
TSP1, thrombospondin-1; UVR, ultraviolet radiation; vwf, von Willebrand factor.

* Corresponding author.
E-mail address: etienneflorence@yahoo.com.br (M.E.B. Florence).

http://dx.doi.org/10.1016/j.prp.2015.07.006
0344-0338/@ 2015 Elsevier GmbH. All rights reserved.

exposure is probably the main environmental risk factor for this
increment [5]. The so-called guardian of genome is a 53-kDa pro-
tein (p53), encoded by p53 tumor suppressor gene (tumor protein
53 gene - TP53). As a transcriptional factor, p53 crucially inhibits
malignancies in many tissues through cell-cycle arrest, DNA repair,
apoptosis and suppression of angiogenesis (new capillary blood
vessels formation) [6]. The UVR participation in skin carcinogen-
esis is explained by UVR-induced damage in DNA (signature or
fingertip mutation), which is frequently detected in TP53 from cuta-
neous squamous cell carcinoma (CSCC), a phenomenon not found
in internal tumors [7].

CSCC would be the most prevalent malignancy among fair-
skinned people if solar keratosis (SK) were epidemiologically
regarded as the in situ form. Indeed the squamous cell carcinoma
(SCC) of solar keratotic type is a continuum comprising spec-
tral stages, from subtle SK to frankly invasive counterpart [8]. A
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multistep carcinogenesis process occurs in the development of
(CSCC, with defined stages involving different genetic alterations
and signal pathways [9]. Loss of function of tumor suppressor genes
and induction of angiogenesis are both important events in tumor
progression [9] and may be interconnected in CSCC.

Immunohistochemical expression of p53 is still a matter of
discussion in CSCC. p53 overexpression may be related to the
presence of either the wild-type or mutated protein, since both
may accumulate in the nucleus. Interestingly, such phenomenon
is precocious in chronic sun-exposed skin and precedes genomic
instability [10-13]. Moreover, p53 expression is related to the pro-
liferative status of keratinocyte [14] and may illustrate the role of
protein in the pathogenesis of CSCC.

Blood vessels support tumor expansion both metabolically and
structurally while under dynamic stimulation. Angiogenesis is an
earlyevent[15-17]and progresses with CSCC stages [16,17]. Tumor
angiogenesis may be properly assessed through endoglin (CD105)
expression, a glycoprotein highly expressed in neoformed vessels
[18,19]. Once defective-controlling mechanisms of cellular growth
and differentiation result in proliferation of tumoral cells, Ki67, a
protein detectable in dividing cells, becomes another useful marker
related to tumorigenesis.

The aim of this study was to compare the immunohistochem-
ical expression of p53 and Ki67 between different stages of CSCC.
Additionally, the relationship between p53 expression and both
neovascularization and proliferation of CSCC is addressed, through
(D105 microvessel count and Ki67 expression, respectively.

2. Materials and methods

Specimens of cutaneous 5CC and SK were retrospectively
searched in the files of the Department of Pathology, Faculty of
Medical Sciences, University of Campinas (UNICAMP), from 2001
to 2008. Only tumors growing on the dorsum of forearms, wrists
or hands were selected because these are anatomical sites of heavy
sun exposure. Thirty-six percent of lesions with features of hyperk-
eratotic SK, measuring less than 1 cmin diameter, at these locations,
were demonstrated, by histological analysis, to be invasive SCC
[20]. This clinical-pathological continuum makes upper limbs a
convenient site for further study. The hematoxylin-eosin stained
serial sections were reviewed and lesions were divided into 3
groups: (1) the in situ form, to wit, solar keratosis (SK); (2) super-
ficially invasive squamous cell carcinoma (siSCC); and (3) invasive
squamous cell carcinoma (iSCC). siSCC group included neoplasms
filling the papillary dermis, and iSCC those that penetrated the
medium/deep reticular dermis. The stimulus for angiogenesis is
broad as injury, ulceration, bacterial colonization and the repair
pathway could all participate in addition to the stimulus from
mutations linked to the tumor. In this way, as this analysis was
comparative, we took care to select specimens that were uniform
regarding cell type and histological grade, showing no signs of
ulceration.

Exclusion criteria were: tumors in patients with albinism,
arsenicism, xeroderma pigmentosum, any kind of immunosup-
pression, or those submitted to previous radiotherapy and lesions
with histologically questionable diagnoses. Ninety cases from dif-
ferent patients, with enough material for new sections, were
randomly selected, comprising thirty for each group. Nine cases
were excluded due to inappropriate immunohistochemical reac-
tions for p53, three for Ki67 and one for CD105. Finally, remained,
within SK, siSCC and iSCC groups, respectively, 23, 28 and 28 sam-
ples.

This study was approved by the Research Ethics Committee of
the State University of Campinas.

2.1. Immunohistochemical staining

The immunohistochemical expression of p53 and Ki67 was eval-
uated in each stage of CSCC and correlated one to another and to
CD105-microvessel count.

The primary antibodies used for tumor cells studies were p53
(DO-7; DAKO) at a dilution of 1:25 and Ki67 (MIB-1; DAKO) at a
dilution of 1:75. The sections were incubated for 25 min at room
temperature. Epitope retrieval was obtained using a steamer with
Tris-EDTA buffer.

CD105(SN6h; DAKO)was the primary antibody for vessels study
at a dilution of 1:10. The sections were incubated for 12 h at room
temperature. Antigen retrieval was obtained using 0.4% pepsin at
37°C for 30min and sections were also submitted to serum-free
protein blocks (DAKO) at 37°C.

The EnVision Plus polymer (DAKO) was used as a reaction ampli-
fier.

Immunoreactivity was considered positive for p53 and KiG7
when nuclear staining in keratinocytes was found (Fig. A) and for
CD105 when a membrane pattern in endothelial cells was achieved
(Fig. B). Presence of nuclear staining for p53 and Ki67 within non-
neoplastic epithelial cells from tumor periphery was used as a
positive internal control. Granulation tissue was included in each
test for CD105 as a positive control. Negative control was obtained
by omitting the primary antibodies.

2.2, p53 and Ki67 quantification

Within tumor tissue, 1024 x 768 pixels digital images were
taken from random 400 fields, using a Nikon Eclipse E200 CX30
microscope connected to a Canon PowerShot A630 camera. All pos-
itive and negative nuclei of neoplastic cells were counted with the
aid of Imagelab 2000® (Image analysis system, 2000, Diracom, Sao
Paulo, Brazil) until at least 500 tumor cells were included. The per-
centage of positive nuclei per total recorded nuclei was defined as
labeling index (LI) for each marker (p53LI and KiG7LI).

The reaction was considered inappropriate and the case
excluded when cells from the entire section were not marked for
p53 and Ki67. If no tumer cell was immunostained within the tumor
zone or within the random fields, the case was considered negative.

2.3. Microvessel density quantification

CD105-stained histological sections were blindly scanned at
» 100 magnification to identify the areas of the stroma with the
highest microvessel profiles, called ‘hot spots’. Three ‘hot spots’
were examined in tumor fronts, i.e., in the boundary stroma from
neoplastic areas in the three groups, using a 25-point Chalkley
eyepiece grid (Leitz Orthoplan; Leica) [21,22]. One »x400 field, cor-
responding to an area of 0.1449 mm?, was chosen within each ‘hot
spot’. The grid was positioned in such way as to permit immunos-
tained vessels to hit on the maximum number of points. The final
CD105 Chalkley count (CC) for an individual specimen was taken
as the mean value of the three grid counts. This has been con-
sidered to be an indirect estimation of microvascular area [21]
and a reproducible method for immunohistochemical evaluation
of angiogenesis [23,24].

24. Statistical analysis

Comparison of p53LI and Ki67 LI between groups was conducted
using the non-parametrical Kruskal-Wallis test. Spearman’s corre-
lation test was run to determine the relationship of p53LI to both
CD105CC and Ki67LL
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3. Results

There were no significant differences between groups for p53LI
(mean p53LI1 was 24.6%, 22.3%, and 26% for SK, siSCC, and iSCC,
respectively; p=0.956) and Ki67LI (mean Ki67LI was 12%, 13.8%,
and 15.7% for SK, siSCC, and iSCC respectively; p=0.943).

Significant positive correlation was found between p53L1 and
CD105CC (R=0.394; p=0.038) in siSCC (Fig. C). No correlation
between these markers was observed in the SK and iSCC groups.

Significant positive correlation was found between p53 and KiG7
labeling indices (R=0.533; p=0.0034) in iSCC (Fig. D). No corre-
lation between these markers was observed in the SK and siSCC
groups.

4. Discussion

The role of p53 in genoma protection makes TP53 the crucial tar-
get for accumulation of mutations and consequent disturbance in
preventing cancer. Cell cycle arrest for DNA repair and apoptosis are
the main mechanisms by which p53 prevents genome alterations
from being transmitted to progeny. TP53 also controls angiogen-
esis [25]. As recently proposed keratinocytes may have defensive
pathways to counterbalance TP53 mutation, to wit mitosis slippage,
cell differentiation and shedding. In that sense an additional step
would be necessary to allow p53 mutated cells to escape the pro-
liferative block, divide and originate malignant clones [26]. Thus,
mutation of a single gene such as TP53 may contribute to stepwise
carcinogenesis in multifaceted ways.

Under certain physiological conditions, the short hali-life
through rapid degradation of wild p53 makes it undetectable in
immunohistochemical assays. Conversely, both wild and mutated
p53 may reach the threshold for immunohistochemical detection,
the wild form as a repair response for genotoxic damage, e.g. UVR
insult [27], and the mutated one by having half-life prolonged
after stabilization and accumulation into the nucleus [28,29]. Clonal
antibodies commonly used in immunohictochemistry detect both
wild type and mutated protein and may have different sensitiv-
ity profiles [10]. Interestingly some authors identified loss of p53
immunoexpression once cell became differentiated, in spite of
maintaining TP53 mutation [11].

The definition of the threshold for determining p53 immunoex-
pression as positive, including any nuclear staining or the arbitrary
percentage of 5%, 10%, 15% and 30% of staining cells, differs among
authors [10,20]. Therefore, interpretation as positive or negative
is disputable. Likewise, the frequency of p53 positivity has var-
ied among studies, from 0% to 100% in SCC, 0% to 80% in Bowen's
disease, and 0% to 100% in SK [10,31,32]. Percentage of immunos-
tained cells has been estimated by different semi-quantitative
and quantitative techniques. Parameters chosen in some studies
[14,33-35], including ours (percentage of immunostained cells per
total tumor cells in randomly selected fields with a minimum num-
ber of cells included) are aleatory and comparative. In addition,
dichotomization is avoided by considering immunomarkers as con-
tinuous variables.

Several authors have evaluated the immunoexpression of
p53 according to evolutive stages of sun-induced lesions
[10,12,31,32,36-38]. Some have found increasing rates of p53 stain-
ing keratinocytes in skin samples ranging from normal to chronic
sun-exposed skin and SK [10,12,31], and from SK to invasive SCC
[32,36]. Such studies, therefore, provide molecular clues for the
comprehension of carcinogenesis in sun-exposed skin as a gradual
process.

Some studies, however, obtained higher expressions in SK when
compared to SCC[10,27,38]. Remarkably, in the present study there
was no significant difference in p53L1 among three different stages,

from in situ to fully invasive one. Indeed, cumulative effects of
UVR on p53 may induce either wild type or mutant p53 protein.
It would even be possible to have a high p53 expression in a neo-
plastic lesion due to the presence of both p53 proteins [ 10]. Barzilai
et al. stated that there are two groups demonstrating p53 expres-
sion in CSCC; one of them, with higher levels, occurs on SK and SCC
in sun-damaged skin [10]. Consequently, if truly sun-exposed skin
is evaluated, as per current research, p53 immunoexpression could
fail to distinguish different stages.

It is a consensus in the scientific community that immuno-
histochemical expression of p53 is not a surrogate marker of
TP53 mutation. Of note, immunopositivity for p53 has not corre-
lated with mutation of TP53 in skin cancer [37,39-41]. However,
when Taguchi et al. compared only missense mutation and p53
overexpression, they found significant association [40]. Interest-
ingly, Einsphar et al. identified correlation between TP53 mutation
and positive p53 immunoexpression, when the percentage of
immunostained cells for p53 was above 23%[37]. Likewise, in ovary
cancer there was strong correlation with TP53 mutation if over
60% of tumor cells were immunostained [42]. Further research is
necessary to address this numeric relationship in CSCC.

Tumorigenesis depends conspicuously on stroma, which also
contributes to a great portion of neoplastic growth [43]. Numer-
ous mediators coordinate the interaction between malignancy and
angiogenesis. In 1994, Dameron noted that a lack of wild-type
p53 in fibroblasts led to the loss of the anti-angiogenic protein
thrombospondin-1 (TSP1), providing an angiogenic switch [44].
Under default activity due to mutation of TP53 in epithelial tumors,
stroma could also become angiogenic [43]. p53 has proven to
influence several angiogenic factors. Wild-type p53 transactivates
gene encoding for angiogenesis inhibitors - TSP1 and brain-specific
angiogenesis inhibitor 1 (BAI1), maspin; it leads to degradation of
proangiogenic factors — hypoxia inducible factor 1ee (HIF1e); and
it prevents encoding angiogenesis activators — cyclooxygenase-2
(COX-2), basic fibroblast growth factor (bFGF), and bFGF-binding
protein (bFGF-BP) [2545].

Among methods for vasculature quantification, Chalkley count
and microvascular density (MVD) are traditionally used. MVD tech-
nique consists of counting distinguishable immunostained vessels
in a number of *hot spot’ fields and obtaining the median per
field. Several immunohistochemical markers have implemented
such quantification, including panendothelial markers, such as
CD31, CD34, factor VIII and von Willebrand factor (vVWT), and the
neoangiogenesis marker, CD105 [22]. By being an endothelial trans-
membrane protein, CD105 is a component of the receptor complex
for transforming growth factor B (TGF-) and is associated with
proliferation and hypoxia [19].

Many authors have studied the relation between MVD and
immunopositivity for p53. Using panendothelial markers, MVD sig-
nificantly correlates with p53 positivity in prostatic [46], breast
[47] and gastrointestinal cancer [48-52]. However such correla-
tion has not been found in gallbladder [53] and hepatocellular
carcinoma [54]. Through CD105, nosignificant association between
MVD and p53 has been detected in ovarian [55] and endometrial
cancer [56]. All these authors, except Takahashi et al., used p53
as a dichotomized variable [52]. Such categorization could make
the relationship between p53 and angiogenesis disappear, even
with the neoangiogenesis marker. However, some of them demon-
strated a positive correlation [46-52], indicating that this issue
must be further investigated.

The significant positive correlation we found between p53L1and
CD105CC in siSCC (Fig. C) points to a possible positive interfer-
ence. Mutated p53 would stop exerting antiangiogenic activity in
the early phase of dermal invasion as observed through CD105CC.
Besides the well-known metabolic role of vascular bed for tumor
growth, this relationship illustrates chemical signalization for
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tumor invasion. We cannot state dogmatically that we have
detected mutated p53. However, it could be a consistent phys-
iopathological explanation. It must be emphasized that considering
both p53 and CD105 as continuous variables may enhance the
detection power of relationship between them. Although the cor-
relation between p53 and CD105 was significantly positive, pairs of
variables were widely distributed (Fig C). The coefficient of deter-
mination indicated that 15% of CD105CC was explained by p53LL It
has been established that neovascularization is already present in
SK and persists in iSCC [16,17], though we did not find correlation
between p53LI and CD105CC in these stages. We believe that this
fact highlights the importance of p53 in a specific stage as antian-
giogenic factor, elucidating rate-limiting steps in carcinogenesis
and the related role of p53.

Deregulated tumor-associated chronic inflammatory process
may trigger tumor development through several mechanisms,
including genomic instability, resistance to apoptosis, and angio-
genesis [57]. Wild p53 type potentially controls immune response
in mice [58], otherwise, inflammation impaired p53 function
through inactivation and mutation [59,60]. Notably there is a phase
in which clinical infiltration and tenderness are present during
CSCC evolution. Berhane et al. proposed that such inflamed tran-
sient step contributed to tumor progression and was accompanied
by increased p53 immunoexpression, when compared with the
asymptomatic precursory lesions [61]. In this way, the lack of dis-
crimination of wild and mutated p53 is a potential limiting factor
of this study.

Nuclear antigen Ki67 is demonstrable during all replication
phases of the cellular cycle and therefore frequently detectable
in neoplastic proliferation. Cell proliferation, estimated by rate of
Ki67-positive cells, is found to increase according to CSCC stages,
from sun-exposed skin to SK [12], from normal skin to SCC[35] and
from SK to iSCC [36]. However, some authors have found that Ki67
imunoexpression is higher in SK when compared to SCC [62-64],
suggesting that Ki67 imunoexpression may not differentiate degree
of CSSC malignancy. Interestingly, in the current study there were
no significant differences in Ki67LI between groups.

Freije et al. demonstrated a self-protective mechanism in
cells harboring p53 inactivation. Mitosis slippage, cell differenti-
ation and shedding via oncogene-induced differentiation pathway
impair clonal capacity of p53 mutated cells. Applying the theory
for CSCC, authors believe that a new event would be responsible
for bypassing such mitosis block. Thus, cells would accumulate
DNA damage leading to high genomic instability and emergence
of malignant clones [26]. p53 imunoexpression is frequently more
prominent in CSCC periphery with gradual loss of staining as cells
differentiate [14], even keeping p53 mutation [11]. Oram et al.
suggested that p53 overexpression is related to the proliferative
status of cells [14]. Altogether these findings could indicate that
oncogene-induced differentiation pathway is indeed temporally
inhibited in CSCC. Malignant cells expressing p53 would be in
the proliferative compartment until differentiation was achieved

or not. Several authors have demonstrated positive correlation
between p53 expression and proliferation rate depicted by KiG7
in SK [34], SCC [33,65], or both lesions [35,36] and also by pro-
liferating cell nuclear antigen (PCNA), another immunomarker of
proliferation, in SK and SCC [37]. Our results are consistent with
such findings only in frankly invasive stage carcinoma (Fig. D).
These results illustrate the possible similarity in biologic signifi-
cance between p53 and Ki67 immunoexpression. However, in the
present study, there was no correlation between p53LI and Ki67LI
in SK and siSCC. We propose that p53 immunoexpression is related
to the cell proliferative potential, however is dynamically differ-
ent from true division. Proliferative potential may become cellular
expansion as soon as propifious tissue conditions are established,
to wit critical loss of p53 function and neovascularization.

We consider that the strengths of this study are as follows:
the lesions were relatively uniform in morphology and anatomical
location, in each group; to the best of our knowledge, the correla-
tion of p53 staining with neovascularization measured by CD105 in
5iSCC has not been described in human CSCC. In contrast, there was
not a related difference in degree of p53 and Ki67 staining at any
stage of disease. Individual variations, depicted by the scatter dia-
gram, indicate potential relationship between those pathological
mechanisms of cancer progression, whereas interindividual analy-
sis demonstrated through comparisons between groups evaluates
general behavior, which cannot be particularly interconnected. On
the other hand the small samples’ size may have restricted the
statistical test power and is a limitation of our study.

To sum up we hypothesize the p53-mediated evolution in
carcinogenesis, namely proliferative activity occurs after neovas-
cularization.

5. Conclusion

p53 and Ki67 immunoexpression was not found to increase with
CSCC progression from SK to iSCC. Neovascularization in the initial
stage of invasion and proliferative activity in the frankly invasive
stage were both associated with p53 immunoexpression. Loss of
P53 tumor suppressor function may be directly involved in evolving
steps related to CSCC progression.
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Fig. A1. p53 immunostaining in SK (solar keratosis) (A), siSCC (superficially invasive squamous cell carcinoma) (B) and iSCC (invasive squamous cell carcinoma) (C); Ki-67
immunostaining in SK (D), siSCC (E) and iSCC (F).
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Fig. B1. CD105 immunostaining in SK (solar keratosis) (A), iSCC (invasive squamous cell carcinoma) (B) and siSCC (superficially invasive squamous cell carcinoma) (C).
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Fig.C1. Correlation between p53 labeling index and CD105 Chalkley count in super-
ficially invasive squamous cell carcinoma.
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DISCUSSAO GERAL

Os dados apresentados evidenciam que, no CECC, a indugdo de novos
vasos ocorre na forma intraepidérmica e acompanha a progressdo da neoplasia.
A expressdo IH da p53 associa-se a angiogénese na fase inicial da invaséo e

correlaciona-se a atividade proliferativa no estadio francamente invasor (Figura 5).

O (o) o
o o
(o] Oo
pele CECinvasor o
fotoexposta queratose solar superficial CECinvasor
© vasosCD34+ © vasosCD105+
A células neoplasicas p53+ células neoplasicas Ki67+

correlagdo positiva entre os elementos marcados pelo halo

Figura 5- Sumario grafico da avaliagao imuno-histoquimica das proteinas p53 e
Ki-67, e dos marcadores endoteiais CD34 e CD105 nos diversos estadios

do carcinoma espinocelular cutédneo e pele adjacente.

O estudo da progressdo tumoral baseia-se, parcialmente, na
histopatologia da lesdo?'. Embora a carcinogénese, do ponto de vista tedrico e
experimental, seja apresentada, nos seus varios prismas, de forma fragmentada,
nao convém perder a nogédo do continuum que a caracteriza. A divisdo em estadios,
apesar de virtual, ajuda a delinear o comportamento tumoral e fornece elementos

para compreensao global da fisiopatogenia.
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A espessura e a profundidade de invasdo sdo consideradas fatores
histoldgicos prognosticos®. Os CECC do tronco e extremidades, em que a
profundidade pode ser avaliada, recidivaram quando a metade inferior da derme
estava acometida; e desenvolveram metastases, quando o subcutaneo foi atingido®°.
Dentre os tumores localizados nos antebragos e maos, os que evoluiram com
metastases, infiltravam a derme abaixo do nivel dos glomérulos sudoriparos®.
Optou-se, nesta pesquisa, por um sistema simples e reprodutivel de classificagao
que amostrasse estadios evolutivos do CECC: forma intraepidérmica; forma
superficialmente invasora, quando a neoplasia preenchia a derme papilar e atingia a
reticular superficial; e a forma invasora, quando penetrava a derme reticular media e

profunda (Figura 6).
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[H&E, aumento original de 100x (A,B) e 40x (C)].

Figura 6- Estadios histologicos evolutivos do CECC: queratose solar (A), CEC

superficialmente invasor (B), CEC invasor (C)

A expressdo IH da p53 aumenta gradativamente com a exposicéo solar'®
e a superexpressdo vem sendo estudada nas fases evolutivas do CECC?%?%":3¢,
Permanece controverso na literatura se ha relagédo entre a taxa de positividade para
a p53 e o grau de malignidade da lesdo (revisado no Artigo 2). No ensaio
apresentado, nao houve diferenga significante entre os valores do IMp53,
quando comparados os diversos estadios. Tais achados sao esperados para a
positividade da p53 e explicitam a uniformidade que a imunomarcagao pode assumir

nos tumores oriundos da pele fotoexposta, por expressarem os efeitos cumulativos



46

da RUV sobre a proteina®. A comparabilidade com os resultados da literatura
convalida a técnica empregada para determinagcdo do IMp53 - porcentagem de

células positivas em campos aleatérios.

Os clones utilizados em diversos estudos IH n&o distinguem entre a p53
mutada e a selvagem27. Tampouco a positividade IH revelou-se um substituto para a
pesquisa de mutagdo do TP53°°8°° Por predominar o padréo compacto de nticleos
positivos para a p53 (areas contiguas de células imunomarcadas de forma
homogénea)ze, os tumores avaliados nesta pesquisa, potencialmente, refletem a

multiplicacdo clonal de queratindcitos com mutacao da p53.

Originalmente, acreditava-se que a angiogénese ocorreria apds a invasao
tumoral, entretanto ha evidéncias crescentes de que a neovascularizacdo é um
evento precoce em neoplasias de diversos 6rgdos (revisado por Raica et al.)®.
Em relagdo ao CECC, a angiogénese foi detectada nas lesbes precursoras

hiperplasicas dos modelos animais****:°'

e no estadio inicial (CEC intraepidérmico)
da tumorigénese humana®®. Tais achados foram corroborados no estudo atual:
a area vascular (CC) foi significantemente maior na derme circunvizinha a QSo,

em relagao a do epitélio fotoexposto adjacente por meio do CD34 e do CD105.

O uso de marcadores pan-endoteliais para o estudo do vasculatura nos
grupos evolutivos do CECC humano produziu resultados conflitantes. Nado houve
diferengca na area vascular revelada pelo CD34 entre os grupos evolutivos nesta
pesquisa; houve aumento do numero de vasos marcados pelo CD31 somente no
estadio invasor via morfometria computadorizada e manual®®; e aumento, conforme
a progressao tumoral, por meio da CC com o CD34*. O uso de marcadores de
proliferacdo endotelial (ou de neoangiogénese) poderia facilitar a reprodutibilidade
dos resultados. A area vascular aumentou conforme a progressdo tumoral neste
ensaio, evidenciada pelo CD105; e, a fracdo de proliferacdo endotelial
(células endoteliais duplamente marcadas pelo Ki-67-CD34) teve incremento
paralelo & evolugdo do CECC, segundo Nijsten et al.*®.

O comportamento do leito vascular € dinamico na evolugao tumoral.
O perfil angiogénico poderia indicar o fenétipo maligno celular antes mesmo da

alteracdo da espessura epitelial e dos padrbes de crescimento e diferenciagao,
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segundo dados obtidos a partir de clones tumorigénicos derivados de queratindcitos
humanos transplantados em camundongos nus®®. Entretanto, a densidade
microvascular, avaliada com o uso de marcadores pan-endoteliais ndo reflete a
atividade angiogénica em diversas neoplasias humanas, embora tenha valor
progndstico, de acordo com Eberhard et al. e Hlatky et al. (revisado no artigo 1)%%.
O uso de marcadores de neoangiogénese, como demonstrado pelo CD105 neste
estudo, poderia particularizar o status angiogénico - vasculatura induzida pela
neoplasia e relacionada ao comportamento biolégico tumoral - e n&o, meramente,

a demanda perfusional.

A determinacdo da area vascular pelo método Chalkley fornece uma
estimativa da vascularizagdo global do tumor. Houve concordancia intra- e
interobservador de moderada a substancial quando a CC foi usada para avaliar a
angiogénese em CBC e CECC®. A aplicabilidade dos achados deste estudo
consolida o uso da contagem de Chalkley e do marcador de neoangiogénese na

pesquisa clinico-patoldgica.

A avaliacdo de parametros em conjunto, caso a caso, como nos estudos
de correlagdo, delineia a inter-relacdo biologico-evolutiva. Tais dados sé&o
potencialmente interferentes. Neste estudo, constatou-se a correlacdo positiva e
significante do IMp53 com a CC-CD105 na fase inicial da invasdo, ausente nos
demais estadios. O coeficiente de determinagdo revelou que 15% da area
microvascular aumentou conforme o incremento da expressao da p53 (revisado no
Artigo 2). Ao considerarmos a imunodetecgéo da proteina mutada, tal achado revela
que, em dado momento, a auséncia da funcdo da p53 faz-se critica e contribui,
entre outros fatores, para a inducao de novos vasos. O fato de ter sido no estadio de
invasao superficial do CECC cristaliza a importancia fisiopatogénica da proteina,

pois € sabido que os vasos atuam na sinalizagdao quimica para a invasao neoplasica.

O trago maligno é também determinado pela perda do controle do
crescimento tumoral, resultando na multiplicagdo das células tumorais®.
O estudo da proliferacdo celular, incluindo marcadores como o Ki-67,
tem tido propdsitos diagnostico e prognéstico na investigagdo das neoplasias
humanas®. No CECC, a expressdo do antigeno nao foi identificada como fator

prognostico isolado®.
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Os nucleos imunomarcados pelo Ki-67 estendem-se a porcdo média da
epiderme na QSo; e tem distribuicdo variavel e caodtica nos diversos estratos
epiteliais, com perda da polarizagéo, no CEC invasor®’. A expressao heterogénea ao
longo do tumor refletiria fatores como as diferentes linhagens celulares que o
compde, e o gradiente nutricional a depender da localizagdo mais centralizada ou
periférica®®. Postulou-se que a quantificagdo do Ki-67 deveria ser realizada nas
areas em que ha rica proliferagdo, com o intuito de assinalar mecanismos
funcionais®. Entretanto, existe uma grande variabilidade nos métodos para
interpretacdo dos niveis de Ki-67 entre os diversos laboratérios, o que dificulta a
reprodutibilidade e comparabilidade®”. No CECC, amostras randomizadas tém sido

33,35,40

utilizadas na contagem desta proteina em alguns estudos , incluindo a pesquisa

atual.

Permanece controversa a relacdo da taxa de positividade para o Ki-67
com o grau de malignidade da les&o®. O indice proliferativo foi significantemente
maior no CEC invasor em comparagdo & QSo* e a pele normal®’; maior na QSo em
relagdo & pele fotoexposta e a normal**; e aumentou conforme o grau histoldgico da
QSo*. Entretanto, outros autores demonstraram que porcentagem de células
positivas para o Ki-67 foi menor no CEC em comparacdo a QSo®*’°. Quando foi
obtida a razdo entre os indices de marcagao para o Ki-67 no fronte tumoral e na
respectiva pele fotoexposta, ndo houve diferenga significante entre QSo e CEC
invasor’'. No atual estudo, tampouco houve diferenca estatistica significante entre
os IMKi-67 nos diversos estadios do CECC. Tais fatos sugerem que a proliferagao
celular ndo é um fator independente a ser avaliado na progressdo tumoral. Além
disso, deve-se considerar que o tempo de replicagao nao é diretamente quantificado

na andlise IH do Ki-67 e certamente influencia no comportamento maligno®.

A imunomarcacgao da p53 é mais evidente na porcao periférica imatura do
CECC, com perda variavel conforme a diferenciacgo?¢3°%%¢72 Nos carcinomas bem
a moderadamente diferenciados, os nucleos imunopositivos para p53 e Ki-67

distribuem-se de forma semelhante a periferia da lesao0®°°

, ou de maneira quase
coincidente*’. Concluiu-se que expressao da p53 indicaria a capacidade proliferativa
celular, e ndao um potencial maligno propriamente39. Curiosamente, a expressao IH
da p53 é perdida quando a célula sofre diferenciacdo, mesmo conservando a

mutacdo do TP53%. Consistente com este conjunto de dados, encontra-se o achado
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de Freije et al.®. As células epiteliais com defeito da funcdo da p53 sofreriam
diferenciacdo e descamacgao, via desvio da mitose, como mecanismo protetor.
Segundo os autores, para o surgimento de clones malignos e, consequentemente,
do CECC, tal desvio da mitose estaria inativado e as células com alteragdo da p53

permaneceriam no compartimento proliferativo.

A correlacéo da imunorreatividade para p53 e Ki-67, observada na QSo*,

no CEC invasor®®*°

, e em ambos®, torna-se particularmente interessante.
Por um lado, a correlagdo marcaria a proximidade biolégica de ambas as proteinas
ao revelarem o status em proliferagao/nao diferenciacdo da célula. Por outro,
a analise da correlagdo poderia discriminar o papel que desempenham
separadamente de acordo com as respectivas propriedades funcionais. Na pesquisa
atual, houve correlagao significante entre taxa de positividade IH da p53 com a do
Ki-67 na fase francamente invasora (coeficiente de determinagédo = 0,289), ou seja,
29% do IMKi-67 variou conforme o IMp53. Em teoria, o acumulo de p53 néo
funcional, em células com potencial proliferativo, teria deflagrado a expansao
tumoral somente no estadio invasor do CECC. Nesta fase, o crescimento tumoral
resultaria da perda crucial do controle proliferativo, precedido pela instalacdo do
aporte vascular/endotelial ativado, fatores estes pontualmente influenciados pela
p53.
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CONCLUSAO GERAL

1) Nao houve diferenga significante na area vascular, evidenciada pelo CD34, entre
os grupos. A area microvascular, revelada pelo CD105, aumentou,

significantemente, com a progressao do carcinoma espinocelular cutéaneo.

2) A queratose solar, o carcinoma espinocelular superficialmente invasor e o
carcinoma espinocelular invasor apresentaram aumento significante da area
microvascular sob o uso de ambos os marcadores (CD34 e CD105) em

comparagao a respectiva pele adjacente.

3) Nao houve diferenca significante na porcentagem de células imunomarcadas para

p53 e Ki-67 entre os grupos.

4) Houve correlagao positiva e significante entre a area microvascular marcada pelo
CD105 e o indice de marcacdo para a p53 no carcinoma espinocelular
superficialmente invasor; 5) assim como entre o indice de marcagéao para p53 e

para o Ki-67 no carcinoma espinocelular invasor.

Portanto, a conversdo angiogénica é um evento precoce no CECC e a
proliferagdo vascular acompanha a progressdo da neoplasia. A perda da agao
oncoprotetora da p53 € escalonada no CECC - associa-se a neovascularizagao no
estadio inicial da invasdao e a expansao tumoral no estadio francamente invasor -,
logo atuaria diretamente na carcinogénese cutanea. O uso do marcador CD105
mostrou-se util na avaliagdo da atividade angiogénica relacionada a progresséo do
CECC.
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ANEXO 4

IDADE ESTADUAL DE CAMPINAS
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