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RESUMO

FERREIRA, S. A. Analise da Expresséo de Glicosiltransferases em Tumores
Cutaneos N&o Melanomas. 2012. Dissertagdo (Mestrado). Universidade

Federal de Pernambuco, Recife, Pernambuco, Brasil.

O céancer de pele ou tumor cutdneo nao-melanoma (TCNM), é a neoplasia
maligna de maior incidéncia no Brasil. Os cénceres, em geral, apresentam
padrao de glicosilagdo aberrante na estrutura de oligossacarideos de superficie
celular (fendtipo), determinada pela agado conjunta de glicosiltransferases
(gendtipo). O presente estudo objetiva avaliar o perfil glicofenotipico de
glicoconjugados de superficie celular de TCNM e correlacionar com o padrao
de expressao de sialiltransferases. Cortes (4um) de bidpsias de Carcinoma
Basocelular (CBC), Carcinoma Espinocelular (CEC), Ceratose Actinica (CA) e
Ceratoacantoma (KA) foram ensaiados com as lectinas SNA, Sambucus nigra
agglutinin, (especifica para acidos sialicos ligados na posicdo a-2,6) e MAA,
Maakia amurensis agglutinin (especifica para acidos sialicos na posi¢céo a-2,3).
A inibicdo da ligacado lectina-carboidrato foi realizada com o acido sialico
(300mM). As amostras também foram avaliadas com anticorpos monoclonais
anti-ST3Gal | (especifico para B-galactosideo 02,3 sialiltransferase) e anti-
ST6Gal | (especifico para B-galactosideo 02,6 sialiltransferase). Semelhancgas
no padrdo de sialilacdo entre CEC, CA e KA foram encontradas na
histoquimica com lectinas e, principalmente na imunohistoquimica. O CBC néo
apresentou marcagao na maioria dos casos para ambas as técnicas, indicando
que este tipo tumoral apresenta um padrado molecular préprio podendo estar
associado ao seu comportamento bioldgico (baixo potencial invasivo e
metastatico). Os resultados indicam a importancia da sialilagdo no
desenvolvimento e manutencdo de tumores cutdneos, sendo a histoquimica
com lectinas e a imunohistoquimica ferramentas uteis na determinagao deste
tipo de glicosilagdo na superficie de células tumorais.

Palavras-chave: acido sialico, sialiltransferases, tumores cutaneos nao-

melanomas.
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ABSTRACT

FERREIRA, S. A. Analysis of Glycosiltransferases Expression in Non-
melanoma Cutaneous Tumors. 2012. Dissertacdo (Mestrado). Universidade

Federal de Pernambuco, Recife, Pernambuco, Brasil.

Skin cancer or Non-melanoma Cutaneous Tumors (NMCT) is the most
incidente malign neoplasia in Brazil. Cancers, in general, present a aberrant
glycosilation pattern in oligossacharides of cell surfasse glycoconjugates
(phenotype) which it is determined by tha action of glycosiltransferases
(genotype). The present study aims to evaluate the glycophenotype of
glycoconjugates in the cell surface of NMCT and to correlates to the expression
of sialyltransferases. Biopsies slices (4um) of basal cell carcinoma (BCC),
squamous cell carcinoma (SCC), actinic keratosis (AK) and Keratoacanthoma
(KA) were assayed with SNA, Sambucus nigra agglutinin, (specific to a2,6-
linked sialyc acid) and MAA, Maakia amurensis agglutinin (specific to a2,3-
linked sialic acid). Samples were also evaluated with monoclonal antibodies
anti-ST3Gal | (specific to Sialyltransferase (-galactoside a2,3-linked) and anti-
ST6Gal | (specific to Sialyltransferase B-galactoside a2,6-linked). Sialylation
patterns were similar to SCC, AK and KA in both lectin histochemistry and
immunohistochemistry but mainly in the later one. BCC was not positive in most
of the cases for both methods which indicates that this tumour has a particular
molecular pattern that can be associated to its biological behavior (low invasive
and metastatic potential). Results indicate the importance of silaylation in the
development and maintenance of cutaneous tumors being the lectin
histochemistry associated to the immunohistochemistry a useful auxiliary tool
for the determination of this type of glycosilation in skin tumors.

Palavras-chave: sialyc acid, sialyltransferases, non-melanoma cutaneous

tumors.
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1. INTRODUGAO

O termo céancer ¢é utilizado genericamente para representar um conjunto
de mais de 100 doencas, incluindo tumores malignos de diferentes
localizagbes. Estima-se que, no ano de 2030, ocorrerao cerca de 12 milhdes de
casos novos de cancer e 7 milhdes de o6bitos. O continuo crescimento
populacional, bem como seu envelhecimento, vem afetando de forma
significativa o impacto do cancer no mundo (INCA, 2010).

Em se tratando de cancer de pele, € observado que sua incidéncia vem
crescendo mundialmente nas ultimas décadas, superando até mesmo o cancer
de mama, prostata e pulméo, tornando-se um grave problema de saude
publica, uma vez que interfere na qualidade de vida da populagdo (WHO,
2010).

O cancer de pele, também conhecido como Tumor Cutaneo Nao-
Melanoma (TCNM), é a neoplasia maligna de maior incidéncia no Brasil, com
134 mil casos novos esperados para o presente ano de 2012, estas estimativas
sao validas também para o ano de 2013. Para o sexo masculino, estima-se
uma taxa de incidéncia de 65/100.000 (62.680 casos) para o ano de 2012. No
sexo feminino, o cancer da pele do tipo ndo melanoma possui uma taxa de
incidéncia estimada de 61/100.000 (71.490 casos). Em Pernambuco, as
estimativas apontam para 4.320 novos casos de céncer de pele ndo melanoma
(INCA, 2012).

Apesar da alta taxa de incidéncia, sua letalidade & considerada baixa
(em torno de 5-10%); porém, em alguns casos em que ha demora no
diagnostico, esse cancer pode levar a ulceragdes e deformidades fisicas
graves. E quase certo que exista um consideravel sub-registro devido ao
subdiagndstico e também por ser uma neoplasia de excelente progndstico, com
taxas altas de cura completa, se tratado de forma adequada e oportuna (INCA,
2012).

Com relagdo aos aspectos moleculares, as alteragbes genéticas e
bioquimicas que ocorrem no desenvolvimento das malignidades cutaneas sao
apenas parcialmente compreendidas, havendo muito interesse no

conhecimento e determinacao das bases genéticas dos tumores cutédneos nao
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melanoma que expliquem seus fenodtipos, comportamentos biolégicos e
potenciais metastaticos distintos (MARTINEZ et al, 2006).

E sabido que tumores expressam aberrantemente varios glicanos
(FUSTER & ESKO, 2005; WANG et al., 2009; PICCO et al., 2010). A
glicosilacao aberrante ocorre essencialmente em todos os tipos de cénceres
experimentais e humanos e muitos epitopos glicosil constituem antigenos
tumor-associados. Estudos recentes indicam que a glicosilagdo aberrante é o
resultado da transformag&o oncogénica inicial, bem como um evento-chave na
indugao da invasao e metastase (HAKOMORI, 2002; YAMAMOTO et al., 2007).
Além disso, o0s carboidratos expressos aberrantemente nas células
cancerigenas contém predominantemente um aumento de estruturas sialiladas
(acidos sialicos) catalizados por uma familia de enzimas chamadas de
sialiltransferases (STs) (TANG et al., 2005; HEDLUND et al., 2008; LOPEZ-
MORALES et al., 2009).

O estudo destas mudangas na estrutura de oligossacarideos de
superficie celular, provocadas por agao conjunta de glicosiltransferases como
as sialiltransferases, tém sido frequentemente associadas com cancer humano
e sao importantes por que: (1) eles podem estar relacionados a uma fase
precisa da doenca e sua detecgdo com lectinas ou anticorpos monoclonais
podem fornecer informagdes uteis para diagnostico ou prognostico, ou ambos;
e (2) em muitos casos, contribuem diretamente para a biologia do céancer.
Entretanto, existem poucos trabalhos que se dediquem ao estudo das
alteracbes de expressdo destas enzimas mudando, consequentemente, o
padrao de glicosilacédo (sialilagdo) nos processos cancerigenos. No caso dos
TCNM pouco se sabe sobre as mudangas no padrao de sialilacido durante a
transformacdo neoplasica resultantes das alteracbes na expressao de

sialiltransferases especificas.

19



2. OBJETIVOS

2.1 Geral

Avaliar a expressao de sialiltransferases e o perfil histoquimico com

lectinas em tumores cutaneos ndo melanomas pré-malignos e malignos.

2.2 Especificos

- Avaliar o perfil sacaridico para terminais carrengando acidos sialicos
através da histoquimica com as lectinas SNA e MAA;

- Avaliar a expressao de [(3-galactosideo a2,6 sialiltransferase (ST6Gal.l)
e B-galactosideo a-2,3 sialiltransferase (ST3Gal.l) em carcinoma basocelular,
ceratoacantoma, carcinoma epidermoide e ceratose actinica através da
imunohistoquimica;

- Realizar a analise de imagem dos resultados obtidos na histoquimica

com lectinas.
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3. REVISAO DA LITERATURA

3.1 Cancer: uma visao geral

Canceres sao doencas genéticas, caracterizadas pelo acumulo
progressivo de mutagdes no genoma de células alteradas (INCA, 2012). Estas
células apresentam vantagens quanto a proliferacdo e/ou resisténcia a
mecanismos de indugdo de morte celular, o que culmina na manutencido da
célula geneticamente alterada no tecido de origem. Ao longo do tempo, as
células transformadas podem adquirir capacidade de invasao local, indugao
sustentada de alteragcbes no microambiente tecidual, como por exemplo,
formagdo de novos vasos (angiogénese), e finalmente a capacidade de
metastase, responsavel pela morte de cerca de 2 a cada 3 pacientes com
cancer (CHAMMAS et al., 2003; INCA, 2012).

O que leva a malignidade no cancer é sua habilidade em quebrar a
arquitetura tecidual, invadir fronteiras teciduais rompidas e mestatizar para
orgaos distantes. Em outras palavras, cancer é uma doenga de
desenvolvimento, ou seja, resultante da perda dos controles normais, os quais
conduzem as células a se manterem dentro dos limites teciduais. Para a
formacado do cancer, é necessario o crescimento descontrolado das células,
porém nao € o suficiente. Apenas quando o crescimento celular torna-se
autbnomo e leva a desorganizagdo da arquitetura do tecido normal se pode
reconhecer quando um tecido normal sofre “transformacdo neoplasica”
(INGBER, 2008).

Dependendo do comprometimento organico e geral produzidos pela
neoplasia, ela é classificada em: benigna, maligna ou potencialmente maligna.
Neoplasias benignas normalmente crescem devagar, podendo evoluir por anos
sem sintomas ou com manifestacdes discretas, mas mesmo sendo benigna
pode levar a morte caso esteja localizada em 6rgaos vitais (VASCONCELOQOS,
2000).

Neoplasias malignas tendem, geralmente, a proliferar em ritmo
acelerado traduzido, a principio, por aumento das figuras de mitose ao exame

histolégico. Entretanto, este achado nem sempre significa malignidade uma vez
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que algumas podem crescer lentamente e bruscamente mudar para um padrao
de proliferagdo rapido. Essas neoplasias apresentam dois aspectos
caracteristicos: anormalidades celulares e invaséo de tecidos vizinhos. Quando
ambas estdo presentes o diagndstico torna-se mais accessivel. As células
desenvolvem-se de forma muito mais desorganizada do que a encontrada nos
tumores benignos (FRANKS & TEICH, 1999).

3.2 Anatomia e histologia da pele

A pele tem duas camadas, a epiderme e a derme. A hipoderme ou
tecido subcutaneo é um tecido adjacente, isto €, tecnicamente externo a pele,
mas relacionado funcionalmente. A epiderme € a camada mais superficial da
pele sendo formada por um epitélio estratificado pavimentoso queratinizado.
Nao possui vasos sanguineos, os nutrientes e o oxigénio chegam a esta
camada por difusdo, a partir dos vasos sanguineos da derme. A epiderme é
subdividida em 5 camadas; a camada cornea e a camada Lucida, mais
superficiais, constituidas por células mortas e anucleadas com o citoplasma
preenchido por queratina; a camada granulosa, com queratindcitos
apresentando, no seu citoplasma, uma grande quantidade de grénulos de
querato-hialina (proteina precursora da queratina); a camada espinhosa,
constituida de células mais achatadas, queratinizadas, que estabelecem
contato estreito umas com as outras; e a camada basal, a mais profunda e em
contato com a derme, formada de células que se multiplicam incessantemente.
Na camada basal encontram-se ainda os melandcitos e os queratindcitos
(Figura 1) (RICOTTI et al., 2009).
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Superficie da pele

Célula cérnea

Célula granular

Célula espinhal

Desmossomos

Célula basal

Figura 1. Organizagdo da epiderme e suas quatro camadas. As camadas superficiais sdo a
Camada Cornea e Camada Lucida, a camada intermediaria € a Camada Granulomatosa e a
Camada Espinhosa, proxima a Camada Basal. Presengca de melanina no interior dos
melandcitos da Camada Basal. Fonte: http://www.pg.com/science/skincare/Skin_tws_13.htm
acesso em 21 de Maio de 2011.

A derme encontra-se debaixo da epiderme e é a mais espessa das duas
camadas da pele, correspondendo a 90% da espessura da pele. Suas fungdes
sdo: regulacado da temperatura do corpo e o fornecimento de sangue saturado
de nutrientes. A maior parte do suprimento corporal de agua esta armazenada
nesta camada. A maioria das estruturas e células especializadas da pele é
encontrada nesta camada (Figura 2) (ROBBINS & COTRAN, 2010).

O tecido subcutaneo, também conhecido como hipoderme, consiste de
uma rede de células gordurosas e colageno. Esta camada funciona como um
isolante, conservando o calor do corpo e como um absorvedor de choque,
protegendo os 6rgdos internos. E no subcutaneo que esta estocada a gordura
que funciona como uma reserva de energia para o corpo. Os vasos

sanguineos, nervos, vasos linfaticos e foliculos pilosos cruzam através desta
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regido e, além disso, serve para unir a pele aos 6rgaos adjacentes (Figura 2)
(ROBBINS & COTRAN, 2010).

Como outros orgados complexos, a pele é composta de células
especializadas e estruturas interdependentes que sao funcionalmente
cooperativas. As ceélulas epiteliais escamosas, também conhecidas como
queratindcitos e localizadas na epiderme, além de produzirem a queratina, sdo
os principais sitios para a biossintese de moléculas soluveis (citocinas) que
regulam as células epidérmicas adjacentes, assim com as células da derme
(ROBBINS & COTRAN, 2010).

Os melandcitos, localizados na epiderme, sado responsaveis pela
producdo de melanina cuja fungdo é protegdo contra os raios ultravioleta. As
células dendriticas ou de Langerhans interagem com o sistema imune
sistémico, sendo, portanto, células de defesa. Ha também as células de Merkel,
tidas como mecano-receptores, e algumas evidéncias sugerem sua

participagédo no sistema neuroenddcrino difuso (SMETAMA et al., 2003).
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Terminacgao
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Figura 2. As camadas da pele (epiderme, derme e tecido subcutdneo) e seus anexos (poros
sudoriparos, corpusculo de Meissner, Glandulas sebacea e sudoripara, pélos, terminacgdes
nervosas vasos sanguineos, nervos, vasos linfaticos e foliculos  pilosos).
Fonte: http://naturavendas.wordpress.com/2008/10/04/a-pele/ acesso em 21 de Maio de 2011.
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3.3 Tumores cutaneos nao melanomas (TCNM)

O cancer de pele é o tipo de tumor mais frequente, correspondendo a
cerca de 25% de todos os tumores registrados no Brasil (INCA, 2012). Eles
podem ser classificados em dois grandes grupos: melanoma e ndo melanoma.
O dltimo grupo inclui, principalmente, a ceratose actinica (CA), o
ceratoacantoma (KA), o carcinoma basocelular (CBC) e o carcinoma
espinocelular (CEC) (KRUNIC et al., 1998).

Os tumores cutaneos nao melanomas, sdo comuns e, apesar se serem
raramente fatais, sdo considerados tumores de crescimento rapido que se
negligenciados podem ser localmente e funcionalmente destrutivos,
promovendo deformidades e desconforto psicoldgico significativo em individuos
afetados (RICOTTI et al., 2009). Estes tumores sao também conhecidos como
tumores queratinociticos, pois derivam do epitélio escamoso estratificado
queratinizado da epiderme, frequentemente relembrando as estruturas das
quais se originam (ROBBINS & COTRAN, 2010).

O termo “ceratose actinica” significa crescimento ceratético (espesso,
escamoso) causado por um dano induzido por radiagdo eletromagnética,
incluindo luz solar. Por esta razdo é também chamada de ceratose solar, sendo
considerada por alguns dermatologistas como um exemplo de tumor cutédneo
pré-maligno com proliferacédo de queratinécitos atipicos (OGDEN & TELFER,
2009). Histologicamente, trata-se de uma atipia situada nas camadas mais
inferiores da epiderme e pode estar associada a hiperplasia de células basais
ou a atrofia que resulta em adelgacamento da epiderme. As células nessa
camada frequentemente mantém seus nucleos (paraceratose) (ROBBINS &
COTRAN, 2010). A camada espinhosa da pele ¢é irregular, com zonas atroficas
alternando com zonas hiperplasicas, com presenca de varias depressdes
digitiformes. A superficie coberta por hiperceratose, orto e paraceratose é
irregular, por vezes papilomatosa. As células da camada espinhosa, quer do
corpo mucoso quer da camada basal, perdem gradualmente as suas
caracteristicas normais, ou seja, aumentam seu volume, tem citoplasma mais
claro, nucleos irregulares e maior numero de mitoses (ESTEVES et al.,, 1980)
(Figura 3).
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Clinicamente, a ceratose actinica apresenta-se como uma pequena
mancha acastanhada de limites irregulares, mal marcada, plana ou
ligeiramente saliente, de superficie lisa ou um pouco rugosa e ceratdsica
(ROBBINS & COTRAN, 2010).
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Figura 3. Imagem histolégica de ceratose actinica. Presenca de paraceratose (seta verde
escura), ortoceratose (seta azul), crescimento atipico de queratinécitos na porgéo inferior da
epiderme (seta vermelha), foliculo capilar (seta amarela) e elastose solar na derme (seta verde
clara). Magnificagdo de 20x. Fonte: Ricotti et al., 2009.

O ceratoacantoma foi primeiramente descrito como “llcera crateriforme
da face” em 1889. Este tipo de tumor, derivado da bainha epitelial externa dos
foliculos pilosos, acomete as areas expostas a luz de individuos de pele clara,
apresentando crescimento rapido, com histopatologia frequentemente
sugestiva de carcinoma de células escamosas, embora sua regressao seja
espontanea (Campos et al., 2002). Histologicamente, o tumor é formado por
I6bulos de células escamosas com citoplasma vitreo que sofrem queratinizagéo
sem uma camada granular intermediaria (BILLINGS et al, 2003; ROBBINS &
COTRAN, 2010) (Figura 4). Alguns autores (CAMPOS et al., 2002; MANDRELL
& SANTA CRUZ, 2009) sugerem que o KA seja um variante do Carcinoma
espinocelular devido a algumas caracteristicas, tais como invasao linfatica e
perineural e raras metastases, que o KA apresenta em alguns casos.

Macroscopicamente € um tumor em forma de caélice, simétrico com uma

depressao central preenchida com debris de queratina. S&o usualmente
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solitarios, centrado por zona arredondada em forma de cupula com nédulos
rosa de 0,5 a 2,0 cm de didmetro (atingindo grandes dimensdes), de limites
nitidos e regulares (RICOTTI et al., 2009).

Figura 4. Imagem histologica de ceratoacantoma em fase involutica (retificagdo da base da
les&o). Magnificagdo de 10x. Fonte: Ricotti et al., 2009.

Cerca de 95% dos TCNM sao representados pelo carcinoma
espinocelular (CEC) e carcinoma basocelular (CBC), sendo este ultimo a mais
frequente malignidade da pele, pois representa cerca de 75% do TCNM no
mundo ocidental. Nos Estados Unidos (EUA), CBC é o tipo de cancer mais
diagnosticado, com uma estimativa de cerca de um milhdo de casos por ano
(MARTINEZ et al., 2006). Tanto o CBC quanto o CEC s&o tumores derivados
de queratindcitos que mostram acentuadas diferencas de comportamento
bioldgico.

Os CBCs sao tipicamente de crescimento lento, tumores localmente
invasivos que raramente mestastizam (YUSPA & DLUGOSZ, 1991; QUINN et
al., 2008). Histologicamente, as células tumorais se assemelham as células
basais normais da epiderme. Podem ser encontrados com crescimento
multifocal derivado da epiderme se estendendo na superficie cutédnea ou lesées
nodulares que crescem em direcdo a porcao inferior da derme profunda como

corddes ou ilhas de células com basofilia variavel com nucleos hipercromaticos,
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embebidas em uma matriz mucinosa e frequentemente circundadas por muitos
fibroblastos e linfécitos. As células na periferia das ilhas tendem a ser
rearranjadas radialmente com seus longos eixos em alinhamento paralelo (em
palicada). Nos cortes teciduais, ha uma retragdo do estroma criando fendas
caracteristicas deste tipo de tumor (EPSTEIN, 2008) (Figura 5).

Figura 5. Imagem histolégica do carcinoma basocelular. Presenga de ‘“ilhas” de células
basaldides (setas vermelhas), com disposicdo em paligada (seta azul) das células na periferia e
arranjo desorganizado das células no interior do tumor. Magnificagdo 200x. Fonte: Ricotti et al.,
2009.

O aspecto histolégico tem um papel fundamental no progndstico da
doencga, especialmente em relacdo ao potencial de agressividade local, recidiva
e chance de metastase. No caso do CBC ha a presencga de polimorfismo e a
classificagdo mais aceita didaticamente € a de Sexton et al., (1992) que o
divide em (1) nodular, com uma estrutura bem definida com contornos precisos
e massa neoplasmatica compacta e limitada por células arranjadas em
palicada. Retracbes de mucina sdo observadas ao redor da lesdo, e o estroma
tende a ser escasso em volta do tumor. Este corresponde a 39% dos casos e é
considerado um CBC com baixo potencial de agressividade local; (2)
superficial, foco tumoral que se estende da epiderme para a derme, limitado
por células bem definidas em palicada. Retragcdo na area periférica sao
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encontradas e este corresponde a 17% dos casos, tendo um alto potencial de
agressividade local; (3) micronodular, definido como pequenos nddulos
tumorais, frequentemente arredondados, com células ndo tdo bem definidas
em palicada na periferia. Um tecido rico em colageno, com pouca substancia
muscinosa, € observada ao redor deste tipo de CBC que representa cerca de
14% dos casos e é considerado de alto potencial de agressividade local; (4)
infiltrativo, tumor de tamanho e forma variados, com poucas células em
palicada e dismorfismo nuclear. Nao ha evidéncia de retragdo do tecido
adjacente. Este tipo corresponde a 8% dos casos e apresenta o maior potencial
de agressividade local; (5) morfeiforme, ilhas tumorais pequenas, com contorno
angular. Nao ha retragdo e o colageno periférico € esclerotico. Representa 2%
dos casos de CBC e o potencial invasivo e o grau de agressividade local séo
considerados muito altos (SANTOS et al., 2010).

A apresentacido clinica mais comum é o CBC noddulo-ulcerativo, que
inicialmente apresenta-se como papula rosea crescendo progressivamente a
nodulo, com posterior ulceragdo central, recoberta de crosta, ocorrendo
sangramentos quando traumatizada. As bordas geralmente s&o cilindricas e
translucidas (SAMPAIO, 2000).

Os carcinomas espinocelulares (CECs) tendem a ter crescimento mais
rapido, sdo tumores localmente invasivos com diferentes potenciais
metastaticos (YUSPA & DLUGOSZ, 1991; QUINN et al., 2008). O mecanismo
envolvido na patogénese do CEC é complexo e multifatorial, e requer tanto
predisposi¢cao genética quanto exposicdo ambiental. O HPV desempenha um
papel importante no desenvolvimento deste tumor tanto em pacientes
imunocompetentes quanto em imunodeprimidos (RICOTTI et al., 2009). Os
CECs consistem, histologicamente, em ninhos de células epiteliais escamosas
atipicas misturadas com células escamosas normais, que surgem a partir da
epiderme e se estendem até a derme (RICOTTI et al., 2009). Apresentam
acentuado componente estromal com invasao perineural, formagao de pérolas
de queratina e pontes intercelulares. O tumor é formado por massas ou
trabéculas de dimensdes muito diversas, de limite mal demarcado e em contato
com a superficie malpighiana, invadindo a derme (GURUDUTT & GEDEN,
2011) (Figura 6).
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Os CECs apresentam diferentes graus de diferenciagcao, variando de
tumores compostos de células poligonais arranjadas em Iébulos ordenados
com grandes areas de queratinizacdo a neoplasias associadas a necrose
geografica consistindo em células altamente anaplasicas que exibem apenas
queratinizagdo celular individual abortiva (disqueratose) (ROBBINS &
COTRAN, 2010). Alguns autores tém proposto caracteristicas histologicas para
determinar o prognostico do CEC, mas atualmente ndo existem critérios
definitivos. Muitos sugerem que o prognostico deve se basear nas variantes
histolégicas do tumor, na profundidade da invasao ou se existe envolvimento
perineural, mas isto ainda nao esta bem definido (CASSARINO et al., 2006;
RICOTTI et al., 2009).

Figura 6. Imagem histolégica do carcinoma espinocelular invasivo. Presenca de células
escamosas que surgem na epiderme e estendem-se profundamente na derme (seta preta) e
presenca de pérolas de queratina (setas vermelhas). Magnificagdo 100x. Fonte: Ricotti et al.,
2009.

Macroscopicamente, os CECs apresentam-se como papulas vermelhas
escamosas. Posteriormente evoluem para placas ou nédulos firmes, lisos ou
hiperceratéticos, com ulceragcédo presente. Alguns pacientes podem descrever
essas lesdes como feridas pruriginosas ou dolorosas, que sangram quando
traumatizadas (GARCIA-ZUAZAGA & OLBRICHT, 2008).
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A maioria dos canceres de pele ocorre devido a exposi¢gao excessiva ao
sol (Figura 7). A Sociedade Americana de Cancer estimou, em 2007, mais de
um milhdo de casos de carcinomas basocelulares (CBC) e espinocelulares
(CEC), e cerca de 60 mil casos de melanoma, estariam associados a radiagéo
ultravioleta (UV) (INCA, 2012). De fato, a exposigdo excessiva a radiagcao
ultravioleta (UV), especialmente do tipo B (UVB), tem sido associada a um risco
aumentado de desenvolver cancer de pele, incluindo CBC e CEC (RATNER et
al, 2001) porque pode causar mutag¢des genéticas no acido desoxirribonucléico
(DNA) dos queratindcitos, e falha no reparo dessas alteragbes génicas pode
conduzir a um crescimento celular desordenado e a formagado do tumor
(ANANTHASWAMY, 1990). Além disso, a radiagdo ultravioleta tem um efeito
importante sobre o sistema imunolégico da pele, induzindo a um local estado
de imunossupressdao que impede a rejeigdo do tumor recém-formado
(MARTINEZ et al., 2006).
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Figura 7. Esquema da carcinogénese dos diferentes Tumores Cutadneos N&o
melanomas através da exposi¢do continua a radiages ultravioletas (Tipo A e tipo B).
Fonte: Adaptado de Boukamp, 2005.
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A probabilidade de desenvolvimento de cancer de pele em um individuo
depende da predisposigdo constitucional (caracteristicas fenotipicas e
genotipicas) e subsequentemente a exposi¢cao a fatores de riscos ambientais.
O maior fator de risco constitucional para cancer de pele de todos os tipos € a
cor da pele. Estes tumores ocorrem predominantemente em pessoas de pele
clara com crescente redugao de risco com o aumento da coloragédo natural da
pele (MARKS et al., 2006).

Tumores expressam aberrantemente varios glicanos (FUSKER & ESKO,
2005). A glicosilagdo aberrante ocorre essencialmente em todos os tipos de
canceres experimentais € humanos e muitos epitopos glicosil constituem
antigenos tumor-associados. Estudos indicam que a glicosilagdo aberrante é o
resultado da transformag&o oncogénica inicial, bem como um evento-chave na
indugao da invasao e metastase (HAKOMORI, 2002).

A glicosilagao promovendo ou inibindo a invasao de células tumorais e
metastase € de importancia crucial na pesquisa do cancer atual. Todavia, esta
area de estudo recebe pouca atengdo da maioria dos bidlogos celulares
envolvidos na pesquisa do cancer, principalmente porque conceitos estruturais
e funcionais de glicosilagdo em cancer sdo mais dificeis de entender que o
papel funcional de certas proteinas e seus genes na definicdo de fendtipo de

células cancerosas.

3.4 Glicosilagao, Glicosiltransferases e sialiltransferases

Os dglicanos, cadeias da unidade estrutural monossacaridica, sao
encontrados na natureza, livres ou associados na forma de glicoconjugados
(glicoproteinas ou glicolipidos). A diversidade estrutural dos glicanos € muito
superior a verificada em proteinas e acidos nucléicos, o que justifica que as
funcdes bioldgicas desempenhadas por estes compostos sdo também muito
diversas (RAMAN et al., 2005).

Muitos glicanos bioativos presentes na superficie celular estao
envolvidos numa grande variedade de processos importantes para a biologia

da célula: crescimento e proliferacdo celular, metastases tumorais,
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anticoagulacdo, comunicacao célula-célula, inicio de infecgao por bactérias e
virus, e reconhecimento imune (RAMAN et al.,2005; WEIJERS et al., 2008). O
papel biologico destes glicanos é tipicamente atribuido as suas interagdes com
proteinas e com o modo como modelam a atividade destas na interface célula-
célula e célula-meio extracelular. Consequentemente o0s glicanos
biologicamente ativos tém vindo a ser reconhecidos como uma classe de
biomoléculas relevantes para a industria biomédica (KOELLER & WONG,
2000)

A glicosilagcdo € uma modificagdo ubiqua que ocorre nos organismos
superiores apos a traducao de proteinas, e que permite a uma proteina (ou
lipideo) adquirir diferentes fung¢des, e gera diversidade estrutural que justifica o
fato da diversidade biolégica n&do se correlacionar com o baixo numero de
genes do genoma humano.

Existem duas familias de enzimas: as glicosiltransferases e as
glicosidases, que in vivo sdo responsaveis pela formacado da maior parte dos
glicoconjugados presentes na superficie celular (WEIJERS et al., 2008). As
glicosidases, também designadas glicosil-hidrolases, caracterizadas por um
grupo vasto de enzimas responsaveis pela quebra de ligagbes glicosidicas. Por
sua vez, as (licosiltransferases catalisam a transferéncia de agucares
presentes num doador glicosilado (na maioria das vezes um acgucar de
nucleotideo), para moléculas aceptoras, formando ligagbes glicosidicas
(PITEIRA, 2009).

Para alguns autores (TANIGUCHI et al., 2002), a variedade dos glicanos
pode ser gerada principalmente pela acdo coordenada de glicosiltransferases.
Desta forma a variabilidade estrutural dos glicanos seria ditada pela regulagao
tecido-especifica dos genes de (glicosiltransferases bem como pela
disponibilidade de agucares de nucleotideos e pela competicdo entre enzimas
pelos aceptores intermediarios durante a elongagéo do glicano (LAIDLER et al,
2006).

Estudos demonstram que a superexpressdao de glicosiltransferases
especificas pelas células tumorais promove a formagéo de glicanos tumorais
que facilitam a invasdo (FUSTER & ESKO, 2005) devido a diminuicdo da
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adesividade célula-célula, conferindo as células cancerosas a possibilidade de
desenvolvimento de metastase (KANITAKIS et al., 1998).

A maioria das mudangas no padrao de glicosilagédo que ocorre durante a
oncogénese esta associada ao aumento de sialilacdo na extremidade dos
glicoconjugados, formando sialilconjugados (CAZET et al., 2010). A biossintese
e metabolismo dos sialilconjugados sdo controlados por um numero elevado de
enzimas, que inclui sialidases, sialiltransferases, esterases e liases, assumindo
as sialiltransferases um papel fundamental no final da biossintese de todas as
estruturas sialiladas. (WEIJERS et al., 2008)

As sialiltransferases (STs) humanas sao uma familia de pelo menos 20
proteinas glicosiltransferases normalmente, ligadas a membrana do Complexo
de Golgi (HARDUIN-LEPERS et al., 2001; PITEIRA, 2009). As ST humanas
catalisam a transferéncia do acido sialico do acucar do nucledtido doador,
CMP-Neu5Ac, para a unidade aceitadora na posicdo terminal de um
glicoconjugado seja ele uma glicoproteina ou um glicolipideo (PERACAULA et
al., 2005).

Os (glicoconjugados presentes nos mamiferos possuem um numero
limitado de ligacdes sialil. O acido sialico (Neu5Ac) pode estar ligado a um
residuo galactose(Gal) por uma ligagdo 02,3 ou a2,6; a um residuo N-
acetilgalactosamina (GalNAc) ou N-acetilglucosamina (GIcNAc) por uma
ligacdo a2,6; ou ainda a outro acido sialico por uma ligagéo a2,8 (HARDUIN-
LEPERS et al.,, 2001). Assim, as ST designam-se por ST3, ST6 e ST8§,
indicando os numeros 3, 6 e 8 a transferéncia do grupo Neu5Ac para a 32, 62
ou 82 posicao hidroxil da molécula aceitadora, respectivamente (PITEIRA,
2009).

As sialiltransferases da subfamilia ST3 transferem o grupo NeuAc para
unidades terminais de galactose (Gal), designando-se por ST3Gal. Existem 6
membros nesta sub-familia. A adicdo de NeuSAc por parte das ST3Gal
depende da unidade sub-terminal, o que Ihe confere alguma especificidade
(WANG, 2005).

Os membros da sub-familia ST6 catalisam uma ligacdo a2,6, que
adiciona Neu5Ac aos residuos Gal presentes na posicdo terminal de N-
acetilglucosamina (Gal-1-4GIcNAc), ou para residuos GalNac sub-terminais de
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glicoproteinas e gangliosideos. Por ultimo, a sub-familia das ST8 € diferente
das restantes sub-familias mencionadas, uma vez que transfere NeuAc para
outros residuos de NeuAc, presentes em gangliosideos e em acido polisialico,
que é um homopolimero de diferentes dimensdes em glicoproteinas (Figura 8)
(HARDUIN-LEPERS et al., 2001;WEIJERS et al., 2008).
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Figura 8. Subfamilias de sialiltransferases (ST3, ST6 e ST8), seus principais substratos
(galactose, galactosamina, N- acetylgalactosamina e acido N-acetilneuraminico) e os padroes
de ligagdo (02,3; a2,6; a2,6GalNAc e a2,8). NeubAC: acido sialico. CMP: citosina 5'-
monofosfato. Fonte: WANG, 2005.

Estudos revelam que a inibigdo de sialiltransferases (DRINNAN, 2003)
ou gene alvos das sialiltransferases como ST6 Gal | (HENNET, 1998), ST8Sia-I
(OKADA, 2002), ST3Sia-V (YAMASHITA, 2003), e polisialo-sintases (ANGATA,
2004; ECKHARDT, 2000) indicam que a sialilagdo de glicoproteinas ou
glicoesfingolipideos é muito importante no desenvolvimento tumoral,
desenvolvimento neural, reparo de nervo, processos imunolégicos e regulagéo
de sensibilidade hormonal (SENDA, 2007). Alguns autores propdem a
investigacdo do nivel de expressdo dos genes de sialiltransferases como um
marcador progndstico para o acompanhamento de pacientes com cancer de

mama (CAZET et al.,2010).
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As sialiltransferases sao relevantes no cancer por varias razdes: a) 0s
acidos sialicos, monossacarideos com carga eletronegativa em pH fisioldgico,
podem evitar interagdes célula-célula através de efeitos de repulsdo de carga
nao especificos; b) as estruturas sialiladas podem ser especificamente
reconhecidas por moléculas de adesdo como selectinas; c) os acidos sialicos
podem mascarar agucares de estruturas adjacentes, evitando assim o
reconhecimento por outras moléculas como lectinas, por exemplo as
selectinas; d) os elementos regulatérios dos genes de sialiltransferase podem
ser um alvo das vias de sinalizagdo celular especificas. Um exemplo foi
fornecido na regulagao-up de ST6Gal | pela superexpressdo do oncogene ras
(GESSNER et al., 1993; DALL’OLIO et al., 2001) .

3.5 Lectinas: ferramentas uteis no diagnostico

No final do século XIX, comegaram a surgir evidéncias sobre a presenga
na natureza de proteinas que possuiam a habilidade de aglutinar eritrécitos.
Estas proteinas foram referidas como hemaglutininas, ou fitoaglutininas, pois
elas foram originalmente encontradas em extratos de plantas. E consenso
acreditar que a primeira descricdo de uma hemaglutinina foi feita por Peter
Hermann Stillmark na sua tese de doutorado apresentada em 1888 (ZANETTI,
2007).

Em 1952, Watkins e Morgan demonstraram que a atividade aglutinante,
observada nas até entdo chamadas hemaglutininas, estava baseada na
atividade especifica de ligacdo de uma dada lectina a carboidratos (VAN
DAMME et al., 1998). O termo lectina, do latim legere, foi proposto em 1954 por
Boyd e Sharpleigh, enfatizando a propriedade de algumas proteinas
aglutinarem seletivamente distintos tipos celulares, uma vez que o termo
significa escolher, selecionar (VAN DAMME et al., 1998; VAN DAMME, 2011).

Tao logo o reconhecimento das lectinas como moléculas ligantes a
carboidratos, as mesmas puderam ser distinguidas das outras proteinas com
base em critérios funcionais bem definidos. Devido a sua habilidade em ligar-se

a carboidratos de forma altamente especifica e geralmente reversivel e sem
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alterar a estrutura dos ligantes reconhecidos, as lectinas tém se destacado
como importantes ferramentas em pesquisas englobando diversas areas da
ciéncia, em especial na Bioquimica, na Biologia Celular e Molecular, na
Imunologia, na Farmacologia, na Medicina e Analises Clinicas (LIMA, 2010).

Estudos tém empregado lectinas como potenciais anticarcinogénicos
(DE MEIJA et al., 2003), conjugadas a agentes quimioterapicos uteis no
tratamento de tumores induzidos em animais (HASEENABEEVI et al., 1991) ou
como sonda alternativa em imagens celulares e biomarcadores (WENG et al.,
2006).

O interesse nas lectinas intensificou-se quando se descobriu que elas
constituiam ferramentas extremamente valiosas para investigagao de glicanos
de superficie celular, para determinagdo do papel na diferenciacdo e
crescimento celular, nas interacdes de células com seu nicho e também numa
variedade de processos patologicos (SHARON, 2007).

Os maiores avangos em histoquimica advieram da descoberta das
lectinas promovendo um enorme impacto na biologia e histopatologia celular.
Por muitos anos, as lectinas foram usadas para isolar e purificar glicoproteinas
e determinar a posi¢cdo de glicoconjugados nas células. As fungdes celulares
dos carboidratos unidos as proteinas foram relatadas e observou-se que eram
afetadas pela glicosilacédo e subsequentemente modificagbes e rearranjos ou
adicao de agucares em processos patolégicos (YAMAMOTOA et al., 2005). As
lectinas, com suas propriedades exclusivas, se ligam a carboidratos especificos
presentes nos glicoconjugados na superficie celular permitindo uma
visualizacdo das modificagcdes na distribuicdo e arquitetura destes acucares
frente a diferentes processos patoldogicos (SHARON, 2007).

Os primeiros estudos de canceres empregando histoquimica com
lectinas foram realizados por Klein e colaboradores (1981). Os estudos
histoquimicos e/ou imunohistoquimicos, em que reagdes quimicas sao
realizadas em secgdes histologicas, sdo particularmente uUteis para demonstrar
a arquitetura estromal de um tumor, por ressaltar estruturas da matriz
extracelular e frequentemente a dimensdo da extensdo tumoral. As lectinas

funcionam como ligantes de varios glicoconjugados que se encontram em
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proporgdes variadas em diferentes membranas celulares e fluidos fisiologicos,
refletindo a diversidade de seus papéis biologicos (SHARON & LIS, 2004).

Dessa forma, devido a série de mudancgas bioquimicas, como variacdes
do perfil de carboidratos expressos, que ocorrem num ambiente celular em
processos neoplasicos, as lectinas tornam-se interessantes ferramentas
diagnodsticas na diferenciagédo histoquimica para glicoconjugados de superficie
e intracelulares de células transformadas (HERLING et al., 2000; BELTRAO et
al., 2001, 2003; THOM et al., 2007; REGO & BELTRAO, 2009; SOBRAL et al.,
2010; LIMA et al., 2010; MELO-JUNIOR et al., 2011; MELO et al., 2011).

A Sambucus nigra L. é a fonte da SNA (Sambucus nigra agglutinin). A
arvore contem muitos componentes nas flores, frutos e casca que podem ser
explorados por suas propriedades anti-inflamatéria, antiviral, anti-proliferativa e
inseticida, entre outros (VANDENBUSSCHE et al., 2004; ROSCHEK et al.,,
2009). Algumas destas propriedades parecem estar relacionadas com lectinas
conhecidas como Sambucus nigra agglutinins, das quais existem seis subtipos
conhecidos. A isoforma SNA | tém especificidade de ligagdo pela sequéncia
sacaridica NeuAc (02, 6) Gal/GalNAc, isto €, reconhece residuos de acido
sialico na posicdo a2,6 (SHIBUYA et al., 1987; LOPES-MORALES et al., 2010).

A MAA é uma lectina isolada da semente da planta Maackia amurensis
com fraco potencial hemaglutinante e forte potencial leucoaglutinante para o
linfoma de células de rato BW5147 (WANG & CUMMINGS, 1987). Sua
especificidade de ligagcao a carboidratos foi determinada, em 1987, por Wang e
Cummings. Estes autores observaram que esta lectina reconhece a sequéncia
trissacaridica NeuAc (a2,3) Gal B1,4GIcNAc/Glc, isto é, residuos de acidos
sialicos na posicao a2,3. A conexdo entre a marcacdo de MAA e o
comportamento de invasao e metastase das células cancerigenas foi analisada
em alguns tumores e o resultado mostrou uma estreita associagdo entre a
marcagao com esta lectina e a progressao tumoral (TANG et al., 2003; WANG
et al., 2009; JUN et al., 2010).
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4. METODOLOGIA

4 1 Materiais

Lectinas Sambucus nigra (SNA) (Vectot Lab, USA) e Maakia amurensis
(MAA) (VectorLab, USA) conjugadas a Biotina. Os anticorpos monoclonais anti-
ST3Gal | e anti-ST6 Gal | foram adquiridos da SIGMA. O kit biotina-
estreptavidina-peroxidase e a diaminobenzidina foram obtidos da DAKO (USA).

Todos os demais reagentes foram obtidos em grau analitico.

4.2 Selecao dos casos

Foram selecionadas 75 biopsias de tumores cutaneos ndo melanomas
do Setor de Anatomia Patologica do Hospital das Clinicas da Universidade
Federal de Pernambuco (HC-UFPE), previamente diagndsticos, no periodo
entre 2006 e 2010. Amostras de pele normal (n=11) foram obtidas no Hospital
Santa Clara, Recife, PE. O diagndstico dos tumores cuténeos foi baseado em

critérios histopatoldgicos e clinicos (KRUNIC et al., 1998).

4.3 Aspectos éticos

O presente projeto aprovado pelo Comité de Etica do Centro de Ciéncias
da Saude (CCS) da Universidade Federal de Pernambuco (UFPE) (SISNEP FR
— 272931, CEP/CCS/UFPE N° 195/09).

4 4 Histoquimica com Lectinas

Cortes histologicos de 4um de espessura, montados em laminas
albuminizadas, foram desparafinizados em xilol e hidratados em alcool etilico
(100% e 70%). Em seguida foram tratados com uma solucao de tripsina 0,1%
(p/v) a 37°C por 2 minutos e incubados com as lectinas SNA ou MAA
conjugadas a biotina (na concentragdo de 20ug/mL e 40ug/mL,
respectivamente) por 2 horas a 4°C. A revelagao da ligagao lectina-carboidrato
foi visualizada com o kit estreptavidina-biotina peroxidase e revelada com uma
solugdo de diaminobenzidina e peréxido de hidrogénio. Os cortes foram contra-

corados com hematoxilina. Todas as lavagens entre as etapas descritas, foram
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realizadas com tampao fosfato de sodio 100mM, pH 7,2, suplementado com
NaCl 150mM (PBS). Para o controle negativo da histoquimica, foi realizado um
ensaio de inibigdo das lectinas com acido sialico (100 a 300 mM) bem como

substituicdo das lectinas por tampao PBS.

4.5 Imunohistoquimica

Cortes histolégicos (4um), montados em Iaminas albuminizadas, foram
desparafinizados em xilol e hidratados em alcool etilico (100% e 70%). Em
seqguida foi feita a recuperagédo antigénica em tampéo citrato a 0,01M, pH 6.0
em camara de vapor de agua (STIMER) por 30 minutos. Apés o resfriamento,
os cortes foram incubados com solugao de peréxido de hidrogénio (H202) em
metanol (1:1) por 30 minutos a 25°C seguido de incubagdo com solugéo de
PBS/BSA a 1% por 45 minutos a TA°. Na etapa seguinte, os tecidos foram
incubados com o anticorpo monoclonal anti-ST3 Gal | (1:200, SIGMA) e o
anticorpo monoclonal anti-ST6 Gal | (1:200, SIGMA) por overnigth a 4°C. A
localizagdo do anticorpo foi feita com o kit biotina-estreptavidina-peroxidase e
sua revelagdo com DAB-H,0O,. Todas as lavagens realizadas entre as etapas
descritas foram realizadas com tampao fosfato de sdédio 100mM, pH 7,2
suplementado com NaCl 150mM (PBS). Para o controle negativo da
imunohistoquimica, laminas foram incubadas sem a adicdo do anticorpo

primario, sendo este substituido pelo tampao PBS.

4.6 Analise Digital das Imagens

Foi utilizado um sistema de video-camera acoplado a um microscopio
optico Eclipse 50i (Nikon,USA). Foram analisadas areas aleatorias (um?)
levando em consideragdo o numero de células marcadas por area. A analise
quantitativa das células marcadas foi aferida utilizando sistema automatico,
avaliando-se trés areas em cada caso. A intensidade da marcacido foi
determinada de acordo com Dornelas (2009) como: (1+) para marcacgao de até
1/3 das células tumorais; (2+) para marcagéo de até 2/3 de células tumorais; e

(3+) marcagao acima de 2/3 células tumorais, com observacao de trés campos
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microscopicos, com aumento de 100x. As laminas que n&o apresentaram

marcacgéo foi atribuido (0).

4.7 Analise estatistica

A analise estatistica dos dados obtidos experimentalmente foi realizada
através do software GraphPad Prism (GraphPad Software, Inc., San Diego,
CA, USA). As diferencas estatisticas foram analisadas pelo teste Qui-quadrado
ou o teste exato de Fisher. Um valor de P <0,05 foi considerado

estatisticamente significativo.
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Abstract

Background: Skin cancer is the most common cancer worldwide. The
diagnosis of skin neoplasias becomes inaccurate, in some cases, due to variety
of factors that affect the accuracy of the test, such as huge spectrum of tumors
and their variants with low differentiation. Altered sialylation has been observed
during oncogenic transformation. Sialylated oligosaccharides of cell surface
glycoproteins and glycolipids have been implicated in tumor progression and
metastases. This study investigates the changes in expression and distribution
of a2,3-linked sialic acid and a2,6- linked sialic acid in non-melanomas skin
cancer. Methods: Lectin histochemistry was used to examine the expression
and distribution of sialic acid in different types of non-melanoma skin tumors.
We used Maackia amurensis agglutinin (MAA), which recognizes a2,3-linked
sialic acid and Sambucus nigra agglutinin (SNA) specific for a2,6-linked sialic
acid. Results: The histochemical analysis showed that a2,3-linked sialic acid
and a2,6- linked sialic acid were differentially expression according to the tumor
type analyzed. The distribution of sialic acid was higher in Squamous carcinoma
cell, Actinic keratosis and Keratoacanthoma than Basal carcinoma cell for both
types of linked sialic acid. Conclusions: Results showed that the change in
sialylation occurs according to the sort of developing cancer and may play an
important role in tumor behavior. Such results support the importance of lectin
as glycoprobes for the detection of changes in saccharide phenotype of skin
tumors being useful for the development of diagnostic techniques for non-

melanoma skin tumors using lectins in histochemistry as an auxiliary tool.

Keywords: non-melanoma skin tumor, lectins, histochemistry
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Background

Skin cancer is the most common cancer worldwide and can be
categorized into 2 major groups: melanoma and non-melanoma skin cancers
[1]. The latter group consists primarily of basal cell carcinomas and squamous
cell carcinomas. These tumors are rarely fatal, but are considered to be fast
growing tumors that if neglected may be locally and functionally destructive [2].
The diagnosis of skin neoplasias becomes inaccurate, in some cases, due to
variety of factors that affect the accuracy of the test, such as huge spectrum of

tumors and their variants with lower differentiation [3].

Currently, it can be difficult to distinguish well differentiated squamous
cell carcinoma of the skin and keratoacanthoma in the proliferative stage
because of the histological resemblance of these tumors [4]. Herein, many
investigators are struggling to adequately validate more objective methods to
differentiate these two lesions, as well as to understand their pathogenesis [5].
The genetic alterations in the non-melanoma skin cancer development are only
partly understood. Much interest lies in determining the genetic basis of non-
melanoma skin cancers, to explain their distinctive phenotypes, including those

alterations in cell surface glycans, biological behaviors and metastatic potential

[6].

It is well known that tumorigenesis and metastasis are frequently
associated with altered structure and expression of oligosaccharides on cell
surface glycoproteins and glycolipids [7]. Sialylated glycoconjugates expression
has been shown to change during development, differentiation, and disease
and oncogenic transformation [8]. A general increase in sialylation of cell
surface glycoconjugates of carcinoma cells has been detected [9]. These

changes in sialylation are related to invasion and metastasis [10, 11].

Sialic acids are widely distributed in nature as terminal sugars of
oligosaccharides attached to proteins or lipids. Sialic acids are linked to
galactose via 02,3 or a2,6-linkage or linked via a2,6-linkage to galactosamine or
N-acetylgalactosamine. More over sialic acids may be linked to the C8 position

of another sialic acid residue [8, 12]. On vertebrate cell surfaces sialic acids
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mediate many biological roles [13]. Altered expression of certain sialic acid

types or their linkages can have prognostic significance in human cancers [14].

In the present study we used lectin histochemistry in order to evaluate
the level of expression and the distribution of a2,3 and 02,6 sialic acid in non-
melanoma skin cancer in order to determine the changes in sialylation at

benigns and maligns tumors.

Materials and methods
Reagents

Biotinylated Sambucus nigra agglutinin (SNA specific for NeuAc-a2,6Gal-Gal-
NAc) and Maackia amurensis agglutinin (MAA, specific for NeuA-ca2,3Gal)
were purchased from Vector Laboratory (Burlingame, CA, USA) and used at a
concentrations of 20 ug/mL and 40 pg/mL, respectively. Signal amplification
was developed with biotin-streptoavidin system kit and 3,3’diaminebenzidine
(DAKO, USA).

Tissues

A retrospective study was carried out using fixed and paraffin embedded tissue
biopsies from the Tissue Bank of the Anatomy and Pathology Service at
University Hospital of the Federal University of Pernambuco (UFPE). Biopsies
were diagnosed as basal cell carcinoma (BCC = 29), squamous cell carcinoma
(SCC = 22), actinic keratosis (AK = 15) and Keratoacanthoma (KA = 9).
Samples of normal skin were obtained from the Santa Clara Hospital at Recife,
Northeast Brasil. Strict clinical and histological criteria were used to differentiate
between BCC, SCC, AK and KA.

Lectin Histochemistry

Paraffin sections (5 pm) were cut and placed on albumin treated glass slides.
Sections were deparaffinized in xylene and rehydrated in graded alcohols (3 x
100% and 1 x 70% - 10 dips each). Slices were treated with 0.1% (w/v) trypsin

solution at 37°C for two minutes. Sections were washed (twice, five minutes
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each time) with PBS. Afterwards tissue slices were incubated in 0.3% methanol-
H>0O- solution for 15 min. Sections were incubated with biotin-conjugated lectins
SNA (20 pg/mL) and MAA (40 ug/mL) for 2 h at 4°C, followed by washings (2 x
5 min) with PBS. After this, sections were incubated with horseradish
peroxidase-conjugated streptavidin for 45 min at 25°C. Reaction was visualized
using 0.01% 3,3-diaminobenzidine (DAB) solution. Negative controls were
performed in samples processed without lectin incubation. Lectin stainings were
analyzed in an Eclipse 50i optic microscope (Nikon, USA). Staining intensity of
carbohydrate-lectin interaction was semiquantitatively classified into four groups
on the basis of the intensity of positive cells in according protocol of Dornelas
[15]: (0) negative staining; (1+) low staining for up to 1/3 of cells stained; (2+)
moderate staining for up to 2/3 of cells stained and (3+) intense staining for
more than 2/3 of cells stained. Three different areas (1cm?) per tissue were

analyzed (magnification 100x).
Statistical analysis

GraphPad Prism Software (GraphPad Software, Inc., San Diego, CA,
USA) was used for statistical analysis and data were expressed as mean *

standard deviation (SD). Data were compared using Chi-square test (p < 0,05).
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Results

In the present study we analyzed a total of 75 biopsies of non-melanoma skin

and 11 biopsies of normal skin.
Sialic Acid Expression

In order to determine the change in expression of 02,3 and a2,6 linkage sialic
acid related to neoplastic transformation of non-melanoma skin cancer, we

performed lectin histochemistry assays with MAA and SNA.
a2,3 Sialic Acid Expression

The higher expression of a2,3 sialic acid was detected in the basal layer
in many biopsies analyzed including in normal skin. Only three (10.34%)

biopsies of BCC showed an expression of a2,3 sialic acid.

In SCC samples were observed a variable expression of a2,3 sialic acid.
They showed moderate and intense expression in the basal layer. Seven (31,82
%) samples was negative for MAA (Table 1). Sialic acid expression in a2,3
linkage was detected in eight (88,88 %) samples of AK analyzed with a variable
intensity of expression in the tumor cells and basal cells (table 1). The most of
samples of KA showed medium and high expression of a2,3 sialic acid both

tumor cells and basal cells. Only one (11,12 %) sample was negative (Table 1).

Table 1. Expression intensity of a2,3 sialic acid using MAA in samples of
non-melanoma skin tumors

Expression Intensity of 02,3 sialic acid (%)
NMST Mean SD
1+ 2+ 3+ 0

BCC 3(10.34 0 0 26 (89.66) 0.1034 0.3099
scC 3(13.63) 7(31.82) 5(22.73) 7(31.82)  1.4550 1.1840
AK 4 (26.67 3 (20) 1(6.67) 7(46.66)  0.8667 0.9904
KA 3(33.33) 3(33.33) 2(22.22) 1(11.12)  1.6670 1.0000

~— ' ~—  —

NMTS: non-melanoma skin tumors, BCC: basal cell carcinoma, SCC: squamous cell carcinoma,
AK: Actinic Keratosis, KA: Keratoacanthoma, SD: Standard deviation.
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All samples showed a membrane and perinuclear staining pattern for
MAA being this pattern more frequently observed in SCC and AK (p<0,0001)
(Figure 1).

Pattern of staining with MAA Lectin

30
* p<0,0001 £3 CM

Samples

CBC CEC CA KA
non-melanomas skin cancer

Figure 1: Staining with lectin MAA. Actinic keratosis showed high expression (2+) of
02,3 sialic acid (Magnification 100x). In detail (indicated with arrow red), staining in cell
membrane and perinuclear (Magnification 400x).

a2,6 Sialic Acid Expression

The a2,6 Sialic acid was detected in basal layer in normal samples. Only

five (17.24%) biopsies of BCC showed any expression of a2,6 sialic acid.

In SCC samples were observed a variable expression of a2,6 sialic acid.
They showed low and moderate expression in the basal layer. Five (22.72%)
samples were negative for SNA (Table 2). 02,6 linked sialic acid expression
was detected in twelve (80%) samples of AK with a variable expression in tumor
and basal cells (Table 2). Most samples of KA showed moderate and intense
expression of a2,6-linked sialic acids in both tumor and basal cells while four

(44.45%) samples of KA were negative (Table 2).
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Table 2. Expression of 02,6 Sialic acid staining with SNA and distribution
in samples with non-melanoma skin cancer

Expression Intensity of a2,6 sialic acid (%)

NMST Mean SD
1+ 2+ 3+ 0
BCC 5(17,24) 0 0 24 (82,76) 0,1724 0,3844
SCC 7(31,82) 8(36,36) 2(9,09) 5(22,73) 1,318 0,9455
AK 9 (60) 2(13,33) 1(6,67) 3 (20) 1,067 0,7988
KA 2 (22,22) 3(33,33) 0 4 (44,45) 0,8889 0,9280

NMTS: non-melanoma skin tumors, BCC: basal cell carcinoma, SCC: squamous cell carcinoma,
AK: Actinic Keratosis, KA: Keratoacanthoma, SD: Standard deviation.

For SNA all samples showed a scattered cytoplasmic staining pattern
(Figure 2) with a significant level of expression of a2,6 sialic acid among

evaluated tumor types analyzed (p<0,0001).

Pattern of staining with SNA Lectin

301 *
p<0,0001 &3 CM

samples

CBC CEC CA KA
non-melanomas skin cancer

Figure 2. Staining with lectin SNA. Squamous cell carcinoma showed middle
expression (2+) of 02,6 sialic acid. (Magnification 100x).
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Discussion

The increase in level and/or expression of carbohydrates in tumors cells
has been widely observed via lectin histochemistry [16, 17]. Glycoconjugates on
the cell surface play important roles in the regulation of cell proliferation, cell

adhesion, metastasis, tissue differentiation and apoptosis [8, 18].

Studies showed that cutaneous carcinogenesis is associated with an
altered pattern of glycosylation. Previous studies employing lectins in benign
and malignant tumors of the skin, demonstrated the absence and/or
inaccessibility of carbohydrate residues in normal tissue and/or the presence of
these carbohydrates antigens, such as the T antigen of Thomsen-Friedenreich
[3,19].

Sialic acids is found in cellular secretions and on the outer surface of
cells, mostly as terminal components of glycoproteins and glycolipids
(gangliosides) [19]. It has been recognized that this sugar may somehow
modulate the adhesion of cancer cells via extracellular matrix components. The

way this modulation occurs is still controversial [7, 19].

In particular, sialylation of sugar chains has been suggested to occur
during development, cancer evolution, and progression, and sialic acid is often
responsible for tumor-associated antigenicity [20]. The change in sialic acid
expression in premalignant lesions has been scarcely studied. Roy and
Chakraborty [21] reported a slight elevation in its expression in benign lesions,
moderate elevation in severe dysplasia and preinvasive carcinoma and higher
elevation in invasive carcinoma of the cervix. The present study describes the
change of a2,3- and a2,6-linked sialic acid expression in non-melanoma skin

tumors classified as pre-malignant and malignant.

The lectin histochemistry showed a differential expression of sialic acid in
cell surface detected in both types of these linked sugars among malign tumors
and pre-malign and among malign tumors (BCC and SCC). This ability of lectins
to bind selectively to carbohydrate moiety in glycoproteins makes these proteins

as differentiating probes to study cancers and metastatic cell lines [22].
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In squamous cell carcinomas the poorly differentiated tumour cells are
characterized by a2,6-linked sialic acid expression and the differentiated
squamous cell carcinoma cells are positive for a2,3-linked sialic acid. Similar
results were obtained by Wang and coworkers in squamous cell carcinoma of
uterine cervix and cell lines derived from aggressive types of this tumour [9, 23].
Previous studies have shown that carcinogenesis, invasion and metastasis are
related to aberrant expression of terminal sialic acids, and in particular a2,3-
linked sialic acids [24]. Expression of a2, 3-linked sialic acid residues in N-
cadherin was altered in metastatic melanomas cell lines [25]. Wang [11]
measured the levels of a2,3-linked sialic acid residues using MAA in human
gastric cancer and the results demonstrated that high levels of a2,3-linked sialic
acid residues were closely associated with invasive depth in tumor tissue and
lymph node metastasis. In contrast, in the present work we observed a higher
expression of a2,6-linked sialic acid in SCC. The role of 2,6 sialylation in tumor
progression has also been often associated to effects on tumor cell migration
and invasion, however it is emerging that ST6Gal-I may be a major regulator of

tumor cell survival [26].

Moreover, the level expression of sialic acid for SCC and AK was similar
being positive for one lectin or both. This profile can be involved in the
correlation between these two types of tumors. Most studies indicate that AK
represents an early stage in a biologic continuum that ranges from carcinoma in
situ to invasive SCC [15, 27]. But there are opposing results whether
keratoacanthoma (KA) is a variant of squamous cell carcinoma (SCC) or a
unique lesion [28]. However, this work showed that significant difference
between the glycophenotype these tumors. KA presented low expression of
a2,6-linked sialic acid (recognized for SNA) and high expression of a2,3-linked
sialic acid (recognized for MAA). These features is important to the regulation of
the immune response once selectins require ligands possessing a2,3-linked
sialic acids for proper recognition [29]. This could explain the spontaneous
regression of KA due to an immune response developed. Moreover, the
difference in the sialic acid expression level of this type of tumor with squamous

cell carcinoma indicates that different mechanisms are involved in its
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pathogenesis despite the similarities found in some studies [27]. Batinac et al.
[30] demonstrated a significant increase of T cells in keratoacanthoma in
comparison to squamous cell carcinomas, suggesting a possible role of this
cellular type in keratoacanthoma regression. It is well established that murine T-
lymphocyte activation is accompanied by major changes in cell-surface
sialylation, potentially influencing interactions with sialic acid-binding
immunoglobulin-like lectins (siglecs) [31].

Some studies reported that the glycol-profile of the basal cell carcinoma
is very similar to cells of the basal layer of epidermis and they express a2,6-
linked sialic acid and no a2,3-linked sialic acid [23]. Similar results were
obtained in our studies. Although most cases has shown negative results, for
both MAA and SNA, indicating this tumor type can present a low sialylation
pattern or sialic acids may be “masked” by others sugar no-recognized by used
lectins. In fact, BCC exhibit a relatively simple genotype, with only few
aberrations and a high degree of independence of the immune system [27] that
may be resulting of low sialylation. This glycophenotype enables a better
understanding of the molecular events involved in the development/expression
of BCC.

Our results showed the high expression of a2,6- linked sialic acid in
basal layer in all tumors studies include in normal skin. This sugar plays an
important role in cell growth and differentiation and SNA reaction products is
primarily observed in the basal and suprabasal layers of the stratified epithelia
[32].

The increased sialylation, detected by alteration in expression of sialic
acids, may play an important role in cellular interactions, changing the structure
of the epithelium and losing definition of the different layers. The change in
sialic acid expression has been correlated to a change in the expression of
sialyltransferases genes [8, 19]. The results obtained in the presence study may
be as a result of increased and/or decreased expression of certain
sialyltransferases genes. In fact, during neoplastic transformation, the

expression of genes sialiltransferases can be changed and as a consequence,
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cancer cells express a higher phenotype of sialylated glycans on their cell
surface glycoconjugates [33]. Our results in light the final pathway of the gene
information, the glycophenotype, resulting from altered expression of these

enzymes (genotype) in these tumors.

Conclusion

Neoplastic transformation in non-melanoma skin tumors was accompanied
by differential expression of a2,6- and a2,3-linked sialic acids observed via
lectin histochemistry. Our results showed that the change in sialylation occurs
among skin cancer types indicating that can be involved in the behavior of
tumor. The results confirm the importance of lectin as potential probes for the
detection of changes in carbohydrate phenotype of tumors skin being useful for
the development of diagnostic techniques for non-melanoma skin tumors using

lectin histochemistry as an auxiliary tool.
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ABSTRACT

Skin tumors have become one of the most common cancers in many countries.
Studies indicate that skin carcinogenesis is associated with altered
glycosylation patterns. The aberrant sialylation, a type of glycosylation, can
mediate pathophysiological key events during various stages of tumor
progression, including invasion and metastasis. Sialyltransferases play a role in
a variety of biological processes, including cell-cell communication, cell-matrix
interaction, adhesion, and protein targeting. In this study, we evaluate
expression of ST3Gal | and ST6Gal | in cutaneous epithelial lesions that include
actinic keratosis (n=15), keratoacanthoma (n=9), squamous cell carcinoma
(n=22) and basal cell carcinoma (n=28) regarding the expression of a2,3- and
a2,6-linked sialic acids, in order to evaluate the role of sialyltransferases
expression in the grading and development of premalignant and malignant
tumors. The expression of ST3Gal | was observed in actinic keratosis (53%),
keratoacanthoma (78%), squamous cell carcinoma (73%) and basal cell
carcinoma (32%) with statistically significant differences observed between
basal cell carcinoma and keratoacanthoma and squamous cell carcinoma
(p<0.05); for ST6Gal I, cytoplasmic expression was found in actinic keratosis
(40%), heterogeneous cytoplasmic expression was observed in
keratoacanthoma (67%), squamous cell carcinoma (41%) and basal cell
carcinoma (7%) with statistically significant differences between groups
(p<0,05). Results showed that the expression of ST3Gal | and ST6Gal I,
related to the expression of a2,3- and a2,6-linked sialic acids, respectively,
appears to be involved in the development and maintenance of skin tumors with
greater potential for invasion and metastasis as in the case of Squamous
carcinoma cell. These glycophenotipic patterns resulting from the specific action
of these enzymes may be useful in the differential diagnosis between malignant
and premalignant as well as in the understanding the biology of cancer in

different tumors studied.

Keywords: ST3Gal |; ST6Gal |; actinic keratosis; keratoacanthoma; squamous

cell carcinoma; basal cell carcinoma
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Introduction

Skin tumors have become one of the most common cancers in many
countries, with rapid increasing incidence during the last half century (1). The
cutaneous epithelial lesion, too called non-melanoma skin cancer (NMSC), are
the most common cancers in the Caucasian population and include actinic
keratosis (AK), keratoacanthoma (KA), squamous cell carcinoma (SCC) and
basal cell carcinoma (BCC). NMSC presents a low metastatic potential;
however, the tumor can cause substantial local damage if not treated early (2)

and is mainly caused by chronic exposure of ultraviolet light B (UVB) radiation

3).

Molecular, genetic and biochemical changes occur in the development of
skin malignancies but they are only partially understood leading to the interest
in understanding and determining the genetic basis of NMSC to explain their
phenotypes, biological behaviors and different metastatic potential (4). The
phenotypic alterations in cell surface glycans provide malignant features to cells
(5). It is well known that glycans on a cell surface or in extracellular space play
important roles in cellular differentiation, adhesion and proliferation (6) and that
tumors aberrantly express glycans (7). Glycosylation is determined by the
expression and relative activities of glycosyltransferases in particular tissues (8-
11). Most of the changes in glycosylation pattern that occurs during
oncogenesis is associated with increased sialylation of glycoconjugates in the
end-forming sialylconjugates (12). The biosynthesis and metabolism of
sialylconjugates are controlled by a large number of enzymes, including
sialidase, esterases, lyases and sialyltransferases where the later assumes a

fundamental role at the end of the biosynthesis of all sialylated structures (13).

Abnormally elevated levels of sialylated tumor associated carbohydrate
antigens are frequently described at the surface of cancer cells and/or secreted

in biological fluids. It is now well established that this over-expression may
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result from deregulation in sialyltransferases activity involved in their
biosynthesis but the precise molecular mechanisms remain unknown (14). The
sialylation is one of the critical mechanisms for the regulation of various
biological processes. In fact, inhibition of sialyltransferases (15) or gene
targeting of sialyltransferases such as ST6Gal-1 (16), revealed that sialylation of
glycoproteins or glycosphingolipids is very important in tumour development,
neuronal development, nerve repair, immunological processes and regulation of
hormone sensitivity (17). Sialic acids are one of the most important
monosaccharides being expressed as terminal sugars with a shared nine-
carbon backbone in several classes of cell surface and secreted glycan
molecules (18). In addition to providing negative charge and hydrophicity to
vertebrate cell surfaces, to masking subterminal galactose residues from
recognition by certain receptors, and to acting as receptors for pathogens and
toxins, sialic acids play an important role during development, including early

embryonic development in mice (19).

The study of changes in the structure of oligosaccharide in surface cell,
promoted by sialyltransferases, has been frequently associated to human
cancer and are important because: (1) they may be related to a precise stage of
the disease and its detection with lectins or monoclonal antibodies may provide
useful information for diagnosis or prognosis, or both, and (2) in many cases,
they directly contribute to cancer biology. However, there are few studies that
are dedicated to the study of expression of these enzymes associated with

altered patterns of sialylation (glycophenotype) in epithelial lesions.

To better understand the role of sialyltransferases in cutaneous epithelial
tumors, this study was undertaken to determine whether ST3Gal | and ST6Gal |
is expressed in premalignant (actinic keratosis, AK, and keratoacanthoma, KA)
and malignant skin lesions (squamous cell carcinomas, SCC, and basal cell

carcinomas, BCC) and their correlation with tumor behaviour.

70



Materials and methods
Samples

Paraffin-embedded tumor biopsies (actinic keratosis — AK n=15,
keratoacanthoma — KA n=9, squamous cell carcinoma - SCC n= 22 and basal
cell carcinoma — BCC n=28) were obtained in the Tissue Bank of the Clinic
Hospital at the Federal University of the State of Pernambuco - UFPE,
Northeast Brazil. Normal skin was obtained from Hospital Santa Clara Recife,
Northeast Brazil. The diagnosis of skin cancer was based on histopathology
with hematoxylin and eosin (H&E). The histologic sections of all cases were re-

reviewed and the diagnoses confirmed by an independent dermatopathologist.

Immunohistochemistry

Tissue slices (4um) were deparaffinized with two xylene exchanges for
60 min at 60°C and 20 min at 25°C followed by rehydration with decreasing
concentration of ethanol (100%, 95%, 85% and 70%). Samples were teated
with a 10% ammonium hydroxide solution for 10 min prior to antigen retrieval
that was performed with a in citrate buffer (pH 6.0) in STEYMER for 30 min.
Endogenous peroxidase was blocked with 1:1 hydrogen peroxide in methanol
for 30 min at 25°C. Slices were incubated with rabbit policlonal antibody anti-
ST3Gal | (1:200, Sigma-Aldrich, USA) and mouse monoclonal antibody anti-
ST6Gal | (1:200, Sigma-Aldrich, USA) overnight at 4°C. After washing with
100mM sodium phosphate buffer pH 7.2, supplemented with 150mM NaCl
(PBS) sections were incubated with secondary antibody (ADVANCE TM HRP
LINK — DAKO, USA) for 45 min, followed by the tertiary antibody (ADVANCE
TM HRP ENZIME - DAKO, USA) for 45 min both at 25°C. 3,3-
Diaminobenzidine (DAKO, USA) was used as the final chromogen, and
hematoxylin was used for counter-staining. All washes between the steps were
performed with PBS. Reaction control was developed without the primary
antibodies (anti-ST3Gal | e anti-ST6Gal I).
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Image analysis and quantification

Tissue images were acquired using a video camera system coupled to an
Eclipse 50i microscope (Nikon, USA). Random areas were analyzed (um?)
taking into account the number of stained cells per area. Quantitative analysis
of stained cells was measured using the automatic system (three areas in each
case). Staining intensity was according Dornelas (20) as: (0) negative staining;
(1+) low staining for up to 1/3 of cells stained; (2+) moderate staining for up to
2/3 of cells stained and (3+) intense staining for more than 2/3 of cells stained.

Three different areas (1cm?) per tissue were analyzed (magnification 100x).

Statistical Analysis

The statistical association of expression of ST3Gal | and ST6Gal | were
analyzed using the Chi-square test or Fisher's Exact test (GraphPad Software,
USA) to determine whether there were differences of significance in expression
of the different sialyltransferases amongst the categories studied. A two-tailed P

value of less than 0.05 was considered to be statistically significant.

Results
ST3 Gal |

The immunoreactivity was observed in in a basilar pattern, defined by
staining of the basal cell layer of AK, KA, SCC, BCC and normal skin. AK
presented a diffuse cytoplasmic staining, while KA presented diffuse
cytoplasmic and membrane staining. In SCC was observed diffuse cytoplasmic
and membrane staining and in most cases of BCC was negative staining with

rare nuclear and perinuclear staining (Figure 1).

In cases of AK, positive immunoreactivity to ST3Gal | was observed in
8/15 (53%) (4 cases: 1+, 3 cases: 2+ and 1 case: 3+), while in 7/15 cases
(47%) ST3Gal | the expression was negative. For KA 7/9 cases (78%) showed

immunopositivity to ST3Gal | (2 cases: 1+, 4 cases: 2+ and 1 case: 3+), while in
72



2/9 cases (22%) the expression was negative. For SCC positive
immunoreactivity to ST3Gal | was observed in 16/22 cases (73%) (7 cases: 1+,
4 cases: 2+ and 5 cases: 3+) being negative for the other 6/22 cases (27%). In
BCC cases immunopositivity to ST3Gal | was observed in 9/28 (32%) (3 cases:
1+, 5 cases: 2+ and 1 case: 3+) while in 19/28 cases (68%) ST3Gal |

expression was negative.

Significant differences in expression of ST3Gal | were noted between KA
and BCC (p=0.0239) and between SCC and BCC (p=0.0096). Significant
differences in the expression of ST3Gal | between all cutaneous epithelial

lesions was also observed (p=0.0130) (Table 1).

ST6Gal |

Immunopositivity was patchy and predominantly diffuse in cytoplasm in
most of the samples of squamous cell carcinoma, keratoacanthoma and actinic
keratosis and absent or nuclear and/or perinuclear in basal cell carcinoma

(Figure 1).

In cases of AK, immunopositivity to ST6Gal | was observed in 6/15 (40%)
(2 cases: 1+, 3 cases: 2+ and 1 case: 3+), while in 9/15 cases (60%) ST6Gal |
expression was negative. For KA 6/9 cases (67%) showed positive
immunoreactivity to ST6Gal | (2 cases: 1+, 2 cases: 2+ and 2 cases: 3+), while
in 3/9 cases (33%) the expression was negative. SCC samples were positive to
anti-ST6Gal | in 9/22 cases (41%) (2 cases: 1+, 2 cases: 2+ and 5 cases: 3+),
while in 13/22 cases (59%) ST6Gal | expression was negative. BCC samples
were characterized by positivity to anti-ST6Gal | in 2/28 (7%) (2 cases: 1+)
while in 26/28 cases (93%) ST6Gal | expression was negative (Table 1).

Significant differences in expression of ST6Gal | were observed between
Ak and BCC (p=0.143), KA and BCC (p=0.0008) and between SCC and BCC
(p=0.0096). Differences between the groups was also significant (p=0.0025)
(Table 1). Statistic significant differences between the expression of ST3Gal |

and ST6Gal for all cutaneous epithelial lesions was observed (p=0.0028).
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Table 1. ST3Gal |

and ST6 Gal | immunoexpression in cutaneous epithelial

lesions
ST3Gal | (%) ST6Gal | (%)
(1+) (2+) (3+) 0 P*™ (1#) (2+) (3+) 0 P*™

Actinic keratosis 26 20 7 47 13* 20 7 60
Keratoacanthoma 22* 45 11* 22 22 22* 22* 33
Squamous cell 0,0130 0,0025

) 32* 18* 23* 9* 23* 59
carcinoma
Basal cell carcinoma 11* 18* 3* 68 7 0 0 93

* Fisher’'s exact test (keratoacanthoma vs basal cell carcinoma; squamous cell carcinoma vs
basal cell carcinoma and actinic keratosis vs basal cell carcinoma).
** Chi-square test.

i v

Figure 1. Immunohistochemistry for ST3Gal | (A-E) and ST6Gal | (F-I). (
Actinic keratosis with diffuse cytoplasmic staining, grade: 3+; (B)
Keratoacanthoma with diffuse cytoplasmic and membrane staining, grade: 3+;
(C) Squamous cell carcinoma with diffuse cytoplasmic and membrane staining,
grade: 3+, (D) Basal cell carcinoma with negative staining, grade: 0; (E) Basal
cell carcinoma with nuclear and perinuclear staining, grade: 2+; (F) Squamous
cell carcinoma with diffuse cytoplasmic staining, grade: 3+; (G) Squamous cell
carcinoma with diffuse cytoplasmic staining, grade: 1+; (H) Keratoacanthoma
with diffuse cytoplasmic staining, grade: 3+; (I) Actinic keratosis with negative
staining, grade: 0. Staining patterns: 1 + weak; 2+ moderate; 3+ intense
positivity.
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Discussion

Aberrant glycosylation occurs in essentially all types of experimental and
human cancers, and many glycosyl epitopes constitute tumor-associated
antigens. Recent studies indicate that aberrant glycosylation is the result of
initial oncogenic transformation, as well as a key event in the induction of

invasion and metastasis (21).

The oligosaccharides in glycoconjugates are synthesized by specific
glicosyltransferases to different types of carbohydrates to be inserted. The final
structure of the saccharide chain is coordinated by the expression of these
enzymes in normal and malignant cells (21). It was found, for example, that N-
acetyl-glucosaminiltransferase V (GNT-V) plays a functional role in the
malignant potential of endometrial cancer cells for the synthesis of (1-6
branching of oligosaccharides. The increased expression of GNT-V is
correlated with impaired clinical status in patients with different types of cancers
and can be used as a prognostic indicator (22). The B-galactoside a2,6
sialyltransferase (ST6Gal.l) is often over-expressed in many tumors and
appears to be involved in processes such as phenotypic changes resulting in a

more orderly tissue organization (23).

Studies indicate that skin carcinogenesis is associated with altered
glycosylation patterns. Given this, lectins were used in malignant and benign
tumors of the skin, demonstrating the absence and/or inaccessibility of
carbohydrate residues in normal tissue and/or the presence of these
carbohydrates, such as the T antigen of Thomsen-Friedenreich (24). In normal
squamous cell epithelia, the glycophenotype is characterized by a2,6-linked
sialic acid expression in cells of the basal layer and a2,3-linked sialic acid in

basal as well as suprabasal layers of the epithelium (25).

Sialic acids (Sia) are a family of 9-carbon a-keto acids found
predominantly at distal positions of oligosaccharide chains of glycoproteins and
glycolipids. They are glycosidically linked to either the 3- or 6-hydroxyl group of
galactose (Gal) residues or to the 6-hydroxyl group of N-acetylglucosamine

(GIcNAc) or N-acetylgalactosamine (GalNAc) residues, and can form oligo- to
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polysialic acid chains through either their hydroxyl groups (26). Terminal sugars
play an important role in the function of glycoconjugates and it has been
recognized that this sugar may somehow modulate the adhesion of cancer cells
to extracellular matrix components (27). The way this modulation occurs is still

controversial (23, 28).

Changes in the expression of Sia have been correlated with changes in
gene expression of sialyltransferases (29). Sialyltransferases participates of
many biological processes, including cell-cell communication, cell-matrix
interaction, adhesion, and protein targeting (30). In squamous carcinoma of the
colon, the expression levels of ST6Gal | and ST3Gal Il were significantly higher
in patients with lymph node metastasis compared with those without metastasis
(29).

In an attempt to investigate this correlation, in this study
immunohistochemical against ST3Gal | and ST6Gal | in samples previously
subjected to lectin histochemistry were carried out to evaluate the expression of
a2,3- and a2,6-linked Sia. It was observed that in most of the lesions analyzed,

ST6Gal | and ST3Gal | presented a diffuse pattern in cytoplasm and membrane.

Although sialyltransferases are expected to be located in the trans Golgi
and TGN, there are reports about post-Golgi localizations, one report showed a
plasma membrane association of ST6Gal | by using protein-specific antibodies
(31). Sialyltransferases in the region of the luminal membrane might have a
function in the re-sialylation of recycling cell surface glycoproteins (31). In fact it
is thought that these ecto-sialyltransferases (EctoST) are modulators of the cell
activity allowing a rapid change in cell surface features which leads to the
regulation of many biological processes. It was already observed that EctoST

are involved in the regulation of adhesion of neutrophils (32).

In present study, all the cutaneous epithelial lesions studied exhibited an
increased expression of ST3Gal | when compared with ST6Gal | (p = 0.0028).
This pattern was previously observed by our group (data not showed) using
lectin histochemistry, with greater expression of a2,3-linked Sia residues. In

bladder cancer, the ST3Gal | plays a major role in the sialylation of the T
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antigen and its overexpression appears to be part of initial oncogenic
transformation (33). Altered expression of a-2,3-sialyltransferase mRNA has

also been shown in ovarian cancer (30).

All enzymes of the ST3Gal family transfer sialic acid residues in 02,3-
linkage to terminal Gal residues found in glycoproteins or glycolipids (29).
Burchell et al. (34) previously shown that, in breast cancer cell lines the
truncated O-glycans carried by cancer-associated MUC 1 it is correlated to an
increase in sialyltransferase activity responsible for the addition of sialic acid in
a2,3 linkage to core 1 (GalB1-3GalNac). Other studies demonstrated that over-
expression of ST3Gal-l is functionally involved in oncogenesis, suggesting that
ST3Gal-I over-expression is not just a collateral effect of carcinogenesis but
may provide some advantages to tumor development in breast cancer. The
results also suggested that ST3Gal-l exerts its effect early in tumor
development (11). In the case of cutaneous epithelial lesions, overexpression of
ST3Gal | seems to be involved the development and maintenance of tumors

premalignant and malignant.

Although overexpression of ST6Gal | is reported more frequently in many
human malignancies and is associated with characteristic of invasive cancer,
the effect of the presence of sialic acids in glycoproteins such as integrin
receptors is strongly dependent on cell type, the type of specific binding and the
level of sialylation (23). Using immunohistochemistry Cao et al. (35) showed
that expression levels of ST6Gal | was lower in poor-differentiated
hepatocellular carcinoma. The same was observed in the studies by Poon et al.
(36). These same studies conclude that the role of this enzyme differ from
tumor to tumor. Thus, the expression of ST6Gal | may have different effects on
different types of cancers. Our results showed significant differences in
expression of ST6Gal | (p=0.0025) between cutaneous epithelial lesions. In
fact, the level of ST6Gal | expression differs dramatically from tissue to tissue
(37). Several clinical and experimental studies suggest a positive correlation
between high ST6Gal | levels and the invasive behavior of cancer cells (38), but

other studies have reported opposite conclusions (22, 38). Our results showed
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a higher expression of ST6 in AK, KA and SCC, tumors with high invasive
potential, demonstrating that this correlation exists in skin cancer.

In squamous epithelia a2,6-linked Sia is a more potent disguising agent
than a2,3-linked Sia concerning the binding of Gal-3 and also indicate the
differentiation-dependent control of a2,6-sialylation of the basal layer cell
surface (25). Our results for SCC negative for lectin histochemistry with SNA
were also negative for immunohistochemistry with anti-STG6Gal. This indicates
that the pattern of distribution and/or localization of Sia in this type of tumor may
be directly related to the expression of specific sialyltransferases. In fact,
compared to normal cells, tumor cells often exhibit different amounts of Sia on
their cell surface that are related to their pattern of expression of
sialiltransferases (39). In addition no significant difference in the pattern of
expression of ST3Gal | and ST6Gal | in cases of SCC, KA and AK. Some
authors consider that both KA and AK tumors are premalignant lesions that
precede the SCC. AKs are considered premalignant as they may develop into
invasive SCC (3, 40). It is suggested that 10% of these sun-induced lesions will
develop into skin SCCs (41). Whether ST3Gal | and ST6Gal | plays a causal

role in the progression of AK to SCC remains to be addressed.

Although many immunohistochemical studies have claimed to be helpful
in the distinction between KA and SCC, the results until have been conflicting
and lead to the opinion that KA is a variant of SCC (42). Our results showed
that immunohistochemical staining for ST3Gal | and ST6 Gal | it is no able to
distinguish clearly between KA and SCC. However, the histochemistry with
lectins showed that there are significant differences between the
glycophenotype these tumors. KA presented low expression of a2,6 sialic acid
(recognized for SNA) and high expression of 02,3 sialic acid (recognized for
MAA). This indicates that, despite showing similar expression of
sialyltransferases, these tumors have a different pattern of sialylation that is
related to tumor behavior. KA tends to regress spontaneously indicating a

biologically benign course in distinction from the SCC.
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In contrast to AK, KA and SCC, BCC showed low or no ST3Gal | and
ST6Gal | expression. This work showed a significant difference in expression
pattern of sialyltransferases between BCC and SCC, and between AK and KA.
The differential expression of ST3Gal | and ST6Gal | between SCC and BCC is
intriguing. The fact that both ST3Gal | as ST6Gal are consistently expressed in
most of cases of cutaneous SCC, which are capable of metastasis, and not
expressed in BCC, which have no potential of metastasis, suggest the potential
role these sialyltransferase in facilitating metastasis. Recent studies support this
possibility. Both ST6Gal | and a2-6 sialoconjugados play important roles in
oncogenic transformation and metastasis (36). The overexpression of ST6 Gal |
is well documented in several types of cancers resulting in a phenotype
consistent with aggressive metastasis (43). The observation that ST3Gal | and
ST6Gal | poorly expressed in the solid BCC is consistent with the staining

pattern of lectin histochemistry (unpublished data).

ST3Gal | and ST6Gal | expression is important since the aberrant
sialylation can mediate pathophysiological key events during various stages of
tumor progression, including invasion and metastasis (28,33). The sialic acids
are often responsible for tumor-associated antigenicity (44). Our results showed
that the high expression of ST3Gal | and ST6Gal | appears to be involved in the
development and maintenance of skin tumors with greater potential for invasion
and metastasis as in the case of SCC. This glycophenotipic pattern resulting
from the specific action of these enzymes may be useful in the differential
diagnosis between malignant and premalignant as well as in understanding the
biology of cancer in different tumors studied. Moreover, the observation of
aberrant sialylated structures expressed in carcinomas can be used as targets

for cancer immunotherapy.
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7. CONCLUSOES

v" A histoquimica com lectinas mostrou alteragcbes na sialilagdo de
glicoconjugados de tumores cutaneos ndo melanomas pré-malignos e

malignos;

v' Houve correlagao entre a expressao de acidos sidlicos e a expressao
de ST3Gal | e ST6Gal |;

v O carcinoma basocelular apresentou um menor conteddo e/ou
acessibilidade de residuos de acidos sialicos reconhecidos pela MAA
e SNA;

v' O padrdo de marcacgdo para acidos sidlicos nas posicoes 02,3 e 02,6
foi semelhante entre CEC, CA e KA;

v" Os tumores com maior potencial mestastatico e invasivo, como CEC,

apresentam maior padrao de sialilacéo.

v As lectinas utilizadas foram ferramentas uteis na detecgédo de acidos
sialicos de superficie demostrando variagao significativa existente no
padrao de distribuicdo deste acucar nos diferentes tipos de TCNM

estudados;

v A imunohistoquimica foi Ut na avaliagdo da expressdo das
sialiltransferases demonstrando variagdo significativa existente no
padrao de expressao de ST3Gal | e ST6Gal | nos diferentes tipos de
TCNM estudados;
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8. PERSPECTIVAS

Através da imunohistoquimica, foi possivel avaliar a expressdo das
sialiltransferases (ST6 Gal | e ST3 Gal |) e verificar uma possivel correlagéao
entre a expressdo destas enzimas (glicogendétipo) e o padrdo de marcagéo
verificado na histoquimica com lectinas (glicofen6tipo). Os tumores
investigados apresentaram diferentes padrées de sialilagdo indicando que este
tipo de glicosilacdo influencia no comportamento biolégico de cada tumor
cutdneo nao melanoma. Estudos sobre o perfil de distribuicdo de outros
acgucares se faz necessario para construcdo de um painel de carboidratos para
entender o papel dos diferentes elementos da cadeia sacaridica na superficie

celular de tumores cutaneos pré-malignos e malignos.
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