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RESUMO

Embora o estudo imunoistoquimico seja um método bastante utilizado na rotina
do diagndstico anatomopatologico, este teste ainda apresenta importantes
limitagdes principalmente quanto a incapacidade de distingdo entre alguns tipos
de lesbes tumorais. Dessa maneira, outras ferramentas vém sendo
desenvolvidas a fim de aumentar a sensibilidade e especificidade da
identificacdo antigeno-anticorpo. Dentre estas, os ensaios quimiluminescentes
vem sendo cada vez mais utilizados em estudos para o mapeamento de
amostras bioldgicas para fins diagndsticos. Dentre os inimeros beneficios da
utilizacdo dos métodos quimiluminescentes, podemos citar o limite de deteccao
ultra-sensivel, testes rapidos e um amplo campo de aplicagbes. O presente
estudo buscou elaborar um protocolo para deteccédo da proteina galectina-3 em
tecidos tumorais da tiredide e prostata a partir de anticorpo conjugado ao éster
de acridina realizando ensaios imunoquimiluminescentes e compara-los aos
resultados da imunoistoquimica convencional. O anticorpo monoclonal anti-
galectina-3 foi conjugado ao éster de acridina e esse conjugado foi submetido a
ensaios imunoquimiluminescentes em tecidos de prostata e tiredide além da
imunohistoquimica convencional. Nossos resultados demonstram a eficiéncia na
conjugacgao da anti-galectina-3 ao éster de acridina, um shelf-life do conjugado
anticorpo/éster de acridina (AC-EA) com aproveitamento de 96,51% apds 12
meses e a aplicagdo desse conjugado em ensaios imunoquimiluminescentes nos
tecidos tireoidianos e prostaticos demonstraram padrdes diferenciais entre as
lesbes estudadas e sua contraparte normal. Concluiu-se entdo, que o ensaio
imunoquimiluminescente proposto pode ser utilizado como método diagnéstico
alternativo na identificacdo de antigenos principalmente em amostras teciduais
pequenas.

Palavras-chave: imunoquimiluminescéncia, tumores, éster de acridina,
galectina-3, préstata, tiredide.
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ABSTRACT

Although immunohistochemistry is a method widely used in routine pathological
diagnosis, this test also shows significant limitations especially regarding the
inability to distinguish between some types of tumors. Thus, other tools have
been developed to increase the sensitivity and specificity of antigen-antibody
identification. Among these methods, chemiluminescent assays are being
increasingly used in studies for the mapping of biological samples for diagnostic
purposes. There are numerous benefits related to chemiluminescent methods,
like a limit of ultra-sensitive detection, rapid testing and a wide range of
applications. This study aims to develop a protocol for detection of protein
galectin-3 in tumor tissues of the thyroid and prostate using antibody conjugated
to acridinium ester (AB-AE) for chemiluminescent immunoassay tests and
compared them with results of conventional immunohistochemistry. The
monoclonal anti-galectin-3 was conjugated to acridinium ester and this conjugate
was subjected to chemiluminescent immunoassay in tissues of prostate and
thyroid in addition to conventional immunohistochemistry. Our results
demonstrate the efficiency of conjugation of anti-galectin-3 to the acridine ester, a
shelf-life of the conjugate AB-AE with utilization of 96.51% after 12 months and
the application of combined AB-AE tests in thyroid and prostate tissues.
Chemiluminescent immunoassay showed different patterns between the studied
tumoral lesions and their normal counterpart. It was concluded that the proposed
chemiluminescent immunoassay test can be used as an alternative diagnostic
method for identifying antigens mainly in small tissue samples.

Keywords: chemiluminescent immunoassay, tumors, acridinium ester, galectin-
3, prostate, thyroid
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1. INTRODUCAO

Na avaliagao progndstica, no diagndstico ou acompanhamento terapéutico
é fato que a técnica histopatolégica atualmente é considerada “padrao ouro” no
estudo dos mais diferentes tipos de neoplasias existentes, apresentando grande
relevancia clinica. Exames histolégicos e sorologicos descrevem aspectos muito
importantes, possibilitando o monitoramento da evolugdo da doencga
(Wawroschek et al., 2003; Akimoto et al., 2006).

Porém, como todo método diagndstico, também apresenta limitagdes
como a incapacidade de distingdo entre algumas lesdes. Dessa maneira,
marcadores especificos vém sendo pesquisados como coadjuvantes nessa
investigacao (Torregrossa et al., 2007; Inohara et al., 2008).

Estudos relatam que alteragbes na expressao de glicoconjugados sao
freqientemente observadas em tumores, dentre os diversos disturbios celulares
que resultam em neoplasias (Krzeslaka et al., 2003), diante disso diversos
trabalhos tém descrito o comportamento de determinadas proteinas relacionadas
ao surgimento dessas alteragdes (Faggiano et al., 2003; Fanggui et al., 2010).

O estudo de proteinas relacionadas ao processo da carcinogénese tem
grande importancia académica na investigacdo da biologia tumoral, bem como
na pratica clinica, auxiliando no diagnéstico, funcionando como marcadores
moleculares especificos (Araujo-Filho et al., 2006). Como exemplo, podemos
citar galectinas, proteinas S100, CD31 (PECAM-1), todas proteinas da superficie
celular, ja testadas em diferentes tipos de neoplasias (Jiang et al., 2005; Dey et
al., 2010).

Dentre essas proteinas citadas, as galectinas vém sendo largamente
utilizada em reacbes para detectar alteragdes na superficie das células tumorais
e sdo associadas a diversos eventos como, por exemplo: no crescimento das
células tumorais, envolvidas no mecanismo da inducdo da apoptose, no
processo de metastase entre outros mecanismos (Elola et al., 2005; Dumic,
2006).

Existem atualmente diversas técnicas diagnosticas que auxiliam no
tratamento das neoplasias, dentre elas destacam-se a imunohistoquimica de

bidépsias teciduais bem como diferentes tipos de imunoensaios enzimaticos ou

13
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quimiluminescentes, método este de grande auxilio na discriminacao de tumores
assemelhados e, muitas vezes, de dificil interpretacdo pelos métodos
histologicos de rotina (Novellino, et al., 2003; Pavelic, 2006, Zhao et al., 2009).

Com o objetivo de fornecer um diagndstico mais eficiente, analises
laboratoriais baseadas nos principios quimiluminescentes (QL) tém sido
desenvolvidas para dosagens que requerem uma alta sensibilidade, como a
determinacao de citocinas, fatores de crescimento e proteinas relacionadas a
processos patologicos especificos como o cancer.

Dentre a grande variedade de testes ja disponiveis comercialmente estao
os utilizados na avaliacado da funcgao tireoidiana, dosagem do antigeno prostatico
especifico (PSA), fertilidade, marcadores tumorais, monitoramento de drogas
terapéuticas, hepatite, proteinas especificas e esteroides (Kumar et al., 2009).

Diversas sao as substancias quimiluminescentes utilizadas nesses
ensaios, e elas podem ser detectadas na faixa de fentomoles ou atomoles (10™"°
a107® mol), com sensibilidade superior aos ensaios espectofotométricos (10'6 a
10° mol) e fluorimétricos (10° a 1072 mol) (Campbell et al., 1985). Varios
compostos organicos exibem quimiluminescéncia em condigbes apropriadas,
dentre os quais se destacam o luminol, isoluminol, éster de acridina ou seus
derivados como alguns dos marcadores utilizados em imunoensaios
quimiluminescentes (Roda et al., 2000).

O éster de acridina foi introduzido em imunoensaios a partir da
necessidade de substituir os marcadores radioisotépicos que estavam se
tornando poucos populares devido a sua curta meia vida, ao perigo potencial a
saude e aos problemas quanto aos dejetos gerados (Weeks et al., 1986). Desde
entdo o éster de acridina tem sido foco de pesquisas para ampliar sua aplicagao
nas mais diversas areas de Biotecnologia (Adamezyk et al., 2001).

Apesar de todas as inter-relagdes feitas entre ensaios quimiluminescentes
com lectinas (Campos et al., 2006) e com anticorpos (Dreveny et al., 1999; Yang
et al., 2002; Zhao et al., 2009) nao foram encontrados trabalhos demonstrando a
aplicabilidade do emprego desta técnica na marcacdo de tecidos de lesdes
tumorais benignas ou malignas da tiredide ou prostata. E neste contexto, parece
haver ainda muitas aplicacbes a serem exploradas neste promissor método de

investigacao.

14
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2. REVISAO DA LITERATURA

2.1 Cancer, umavisao geral

O termo cancer refere-se a alteragbes tumorais malignas que podem
ocorrer na maioria dos tecidos do corpo humano e, alguns, podem apresentar
diferentes tipos dessas alteracbes. No entanto, os processos basicos de
caracterizagao parecem similares (Hanson & Hodgson, 2010).

Segundo relatério da Agéncia Internacional para Pesquisa em Cancer
(IARC)/OMS, o impacto global do cancer dobrou em 30 anos. Estimou-se que,
no ano de 2008, ocorreriam cerca de 12 milhdes de novos casos de cancer e 7
milhdes de ébitos, e que 84 milhdes é o numero de vitimas fatais do cancer no
periodo de 2005 a 2015 (World Cancer Report, 2008).

No Brasil, as estimativas para o ano de 2011 apontam que ocorrerao
489.270 casos novos de cancer (INCA - Instituto Nacional do Cancer, 2010).

S&o varias as causas que podem originar o cancer, podendo ser
endoégenas ou exdgenas ao organismo, estando ambas inter-relacionadas. As
causas enddgenas sdo, na maioria das vezes, geneticamente pré-determinadas
provocando mutagbes gendmicas, resultando na ativagdo de oncogenes,
responsaveis pela proliferagao celular e regulagdo da apoptose, além de ocorrer
a inativacdo dos genes supressores. Enquanto que as causas exdégenas estao
relacionadas ao estilo de vida, habitos alimentares e culturais, esses fatores
causais podem interagir de varias formas, aumentando a probabilidade de
transformacgdes e alteracbes malignas nas células normais (Gua et al. 2006).

O desenvolvimento do cancer segue um processo de multiplos estagios, a
partir da célula normal e € caracterizado pelo acumulo de alteragbes genéticas
que interferem no controle normal do crescimento e diferenciagéo celular (Figura
1) (Peterson, 2005).

15
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Cancer
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Figura 1. Tipos de crescimento celular anormal (fonte: Peterson, 2005).

Pelo menos no ultimo século, todos os esforgos intelectuais e tecnolégicos
empreendidos na cura dessa doenca, contribuiram para revelar uma complexa
série de mecanismos de comunicagdo molecular, intra e intercelular que, em
condigdes fisiologicas, atua na manutengao dos sistemas vivos. Essa complexa
rede de sinalizacdo é constituida de vias metabdlicas de manutencdo e
transmissdo da informagcdo genética e da sintese e regulacédo de
macromoléculas, como as proteinas, contendo inumeros pontos de regulagao,
sinais divergentes e locais de cruzamento com outras vias e cascatas de
sinalizagao, exercendo mutuas influéncias (Taniguchi et al., 2006).

No que se referem as fungdes bioquimicas, as moléculas de adesao e as
vias de transducao dos sinais para o crescimento tumoral, esses sdo bastante
alterados durante a progressao da alteragao. Assim como as proteinas normais
codificadas pelos proto-oncogenes (genes que regulam a proliferagao, divisao e
diferenciagao celular) desempenham fung¢des iniciais nas células durante o
desenvolvimento das neoplasias. Dentre estas moléculas, destacam-se os
fatores de crescimento, proteinas envolvidas na recepcao e traducao de sinais
localizados na superficie celular (Goo et al., 2010).

O mecanismo de reconhecimento molecular na superficie da célula é
afetado quando células normais sofrem o processo de neoplasia. O resultado é

um crescimento e divisbes descontroladas, devido as alteragdes nos
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mecanismos de reconhecimento que agem na membrana celular (Shekhar et al.,
2004).

Nesse contexto estudo histoquimico do tecido obtido a partir de uma
amostra do tumor (bidpsia incisional) ou da peca completa (bidpsia excisional)
dos tumores assume grande importancia pratica no momento de decidir sobre o
tratamento de cada paciente. Embora um cancer possa ser fortemente sugerido
clinica e radiologicamente, seu diagnodstico ndo pode ser definido até que se
obtenha confirmagédo citolégica ou histolégica da lesdo. Sem a prova
anatomopatoldégica da malignidade, o tratamento ndo pode ser adequadamente
planejado, procedimentos terapéuticos ndao podem ser comparados, nem
qualquer prognostico pode ser feito de maneira precisa e eficiente (Faria, 1999;
Akimoto et al. 2006).

Grande parte dos tumores ainda apresentam algumas das caracteristicas
estruturais das células das quais se originaram e isto permite ao patologista
estabelecer, a grosso modo, o grau de malignidade pela extensdo com que a
histologia do tumor se diferencia da histologia normal (diferenciagcdo). Mas ainda
ha problemas, pois alguns podem ser tdo indiferenciados que nao mais
apresentam qualquer estrutura indicativa do tecido original (Montenegro &
Franco, 1999).

Estudos com extratos de tumores realizados na década de 30 foram os
pioneiros em demonstrar alteragdes bioquimicas nas células tumorais, o que foi
posteriormente confirmado por estudos que demonstraram padrdes aberrantes
de glicosilagdo associados ao tumor (Dabelsteen et al., 1992, Melo-Junior et al.,
2008).

Alteracbes na glicosilagdo sdo agora modelos universais em células
cancerosas e certamente estruturas formadas por carboidratos sdo marcadores
bem conhecidos na progressao de tumores. Como as células normais durante a
embriogénese, as células tumorais também sofrem ativagdo e rapido
crescimento, aderem a uma variedade de outros tipos celulares e invadem
tecidos. O desenvolvimento embrionario e a ativacado celular s&o acompanhados
por mudangas no perfil de glicosilagéo celular (Veiga et al., 2009).

Transformacdes celulares sdo frequentemente acompanhadas por um

aumento geral no tamanho dos glicolipideos do metabolismo. Com o advento da
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tecnologia de anticorpos monoclonais, descobriu-se que muitos dos anticorpos
"tumor-especificos" reconhecem os epitopos carboidratados especialmente em
glico-esfingolipideos. Além do que, correlagdes significativas entre certos tipos
de glicosilagao alterada e o atual progndstico de tumores referidos de animais
experimentais ou humanos aumentam o interesse sobre essas mudangas

bioquimicas especificas (Veiga et al., 2009).

2.2 Lesdes tumorais glandulares

As células que apresentam algum tipo de lesdo tumoral carregam uma
capacidade proliferativa indefinida, sendo capazes de mascarar o compromisso
de diferenciagao terminal e a quietude pds-mitética que regulam normalmente a
homeostase do tecido em um organismo. Essa proliferagdo descontrolada das
células é também, frequentemente, conseguida por uma desregulagao direta do
controle do ciclo celular (Herzig e Christofori, 2002; Duffy et al., 2010).

As glandulas possuem a fungdo de produzir e secretar importantes
substancias, muitas vezes que apresentam funcdes pré determinadas no
organismo. Estas substancias podem ser secretadas no interior do sistema
circulatério ou fora dele (Ross, 2008).

Devido ao aumento nos casos de lesdes tumorais em glandulas estudos
vém tendo esse tipo de tecido como alvo (Araujo-Filho et al., 2006; Guarino et
al., 2010). Entre as glandulas com aumento de casos de incidéncia e mortalidade

relacionado as alteragdes tumorais elencam a prostata e tiredide (INCA, 2010).

2.2.1 Doengas tumorais da tiredide

A tiredide é constituida por dois tipos distintos de células produtoras de
horménio, as foliculares de origem epitelial, que produzem os hormdnios
tiroidianos triiodotironina (T3) e tiroxina (T4); e as células C oriundas da crista
neural, responsaveis pela produgdo do horménio calcitonina (Kondo et al., 2006).

Nodulos tiroidianos palpaveis estao presentes em 4% a 7% da populagéo
adulta, no entanto, apenas uma pequena fragao destas lesdes representa cancer
(Hegedus, 2004).
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Estudos estdo sendo realizados em nivel de gendmica, transcriptdbmica e
protedmica em nodulos foliculares benignos e malignos da tiredide que poderao
fornecer novos métodos diagndsticos no futuro (Durand et al., 2008).

Cerca de 90 a 95% de todos os nddulos da tiredide sdo provocados por
alteragdes benignas. O ndédulo adenomatoso constitui area de hiperplasia, que
pode apresentar padrao de arquitetura variado onde o padrdo mais comum € o
folicular, € geralmente encapsulado ou apresenta capsula descontinua. Ja o
adenoma folicular representa um nédulo encapsulado, constituido de foliculos
tireoideanos bem diferenciados num padrdo homogéneo nao apresentando
caracteristicas invasoras, como invasdo de capsula ou vasos (Maitra & Abbas,
2005; Basilio-De-Oliveira & Barretto Netto, 2006).

O cancer de tirdide (figura 2) se apresenta como nodulagdo no
parénquima tireoidiano, sendo sua principal caracteristica a presenca de um
nodulo unico na maioria dos casos. Porém, outras condi¢gdes patologicas podem,
também, se manifestar através de nodulos, sendo necessaria uma abordagem

sistematica dos pacientes (Guarino et al., 2010).

Figura 2: llustragdo do aspecto macroscépico do cancer da tiredide
(fonte: www.ecureme.com).

Os carcinomas tireoidianos sao classificados através de parametros
clinicos e histologicos e incluem os subtipos: papilar, folicular, indiferenciado e

medular (Segev et al., 2003).
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A Organizacao Mundial da Saude (OMS) define o carcinoma papilar de
tiredide como sendo um tumor epitelial que apresenta evidéncia de diferenciagcéo
para célula folicular e caracteristicas nucleares distintas (Livolsi et al., 2004). E
responsavel por cerca de 85% das neoplasias malignas da tiredide, acometendo
principalmente individuos entre os 30 e 50 anos de vida, sendo mais frequente
em mulheres (Thompson, 2006; Kondo et al., 2006). Sua prevaléncia € mais
comum em populagdes com dieta insuficiente de iodo (Gimm, 2001).

Macroscopicamente, o carcinoma papilar apresenta caracteristica solida,
firme, de coloracdo branco-amarelada, com bordas irregulares e infiltradas. O
tumor pode apresentar-se encapsulado e, em alguns casos, associado a
calcificagbes. O diagndstico histopatologico do carcinoma papilar é baseado em
suas caracteristicas citologicas e arquiteturais, ndo havendo uma unica alteragao
isolada que seja diagndstica (Thompson, 2006).

Dentre os carcinomas tireoidianos, o carcinoma papilar (figura 3) é o que
apresenta uma menor dificuldade no seu diagndstico citopatolégico. Com uma
amostragem adequada, a eficiéncia diagndstica fica em torno de 90% devido as
marcantes caracteristicas nucleares do carcinoma papilar, facilmente avaliadas

pelo exame patoldgico (Inohara et al., 2008).

Figura 3: Fotomicrografia de amostra diagnosticada como carcinoma papilar da

tiredide (Fonte: http://news.softpedia.com/newsimage/Endoscopic-Robot-Treats-Thyroid-
Cancer-2.jpg/).

O carcinoma folicular é definido pela OMS como uma neoplasia epitelial

maligna com diferenciagdo para células foliculares na qual faltam as
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caracteristicas nucleares do carcinoma papilar (Sobrinho Simdes et al., 2004).
Representa de a 10 a 20% das neoplasias primarias da tiredide, mas em regides
deficientes de iodo apresentam incidéncia aumentada. Acomete principalmente
mulheres de meia idade e raramente criangcas. Em casos mais raros, a
manifestacao inicial pode ser de metastases a distancia para pulméo, cérebro ou
osso (Chan, 2003).

Do ponto de vista macroscépico o carcinoma folicular tende a ser solitario,
unifocal e encapsulado. A superficie de corte tem coloragdo amarelada e as
formas amplamente invasivas apresentando hemorragia, necrose e ainda
invasao clara do parénquima tireoidiano. A caracteristica diagndstica que define
o carcinoma folicular e o distingue dos adenomas e hiperplasias nodulares é a
invasdo capsular e/ou vascular. Isto significa que a capsula desses tumores deve
ser bastante estudada (Chan, 2003).

O carcinoma indiferenciado de tiredide representa de 3 a 5% dos
carcinomas da tiredide, ocorre principalmente em mulheres idosas. Clinicamente,
o carcinoma indiferenciado se apresenta como uma massa cervical de
crescimento rapido associado aos sintomas de disfagia e rouquidao, dispnéia e
linfadenopatia. Trata-se de uma patologia potencialmente letal, cujo diagndstico
geralmente é tardio resultando em um tratamento ineficaz e um mal progndstico.
Na metade dos casos a lesido € inoperavel, apesar do tratamento a maioria dos
pacientes morre em até 1 ano apds o diagnéstico, com sobrevida entre 3 a 4
meses (Maia et al., 2007).

O carcinoma medular da tiredide é um tumor maligno com diferenciagao
para a célula parafolicular, € mais comum sua ocorréncia na forma esporadica,
porém a forma familiar pode representar mais de 20% dos casos (Kebebew et
al., 2000). A sobrevida em 5, 10 e 15 anos é respectivamente de 65 a 87%, 51 a
78% e 65%. Histologicamente caracteriza-se por uma variedade de padrdes:
ninhos, corddes, placas e trabéculas com células variando de poligonais a
fusocelulares. Os nucleos dessas células sdao redondos a ovais e apresentam
uma cromatina fina granular (Chan, 2003).

Na propedéutica de investigagdo de um nodulo tireoidiano existem alguns
fatores relacionados ao risco de malignidade, por exemplo, pacientes do sexo

masculino, com ndédulo unico e hipocaptante a cintilografia sdo considerados de
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alta probabilidade de serem portadores do cancer, enquanto que nas mulheres,
tiredides multinodulares e hipercaptantes existe uma maior probabilidade de ser
uma doenga benigna, todavia nenhuma dessas caracteristicas é definitiva
(Amrikachi et al., 2001).

A puncao asporativa por agulha fina (PAAF) da tiredide vem sendo
utilizada com grande frequéncia na investigagcado de lesdes e é considerada o
teste de maior acuracia para a distingdo entre nédulos benignos dos malignos
(Amrikachi et al., 2001; Sclabas et al., 2003; Carpi et al., 2005).

Porém, como todo método diagndstico, também apresenta limitagdes
como tamanho das amostras e mesmo incapacidade de distincdo entre
hiperplasias, adenoma folicular e o carcinoma folicular. Dessa maneira, outras
ferramentas vém sendo pesquisadas como coadjuvantes nessa investigacdo. A
galectina-3, uma molécula envolvida com a carcinogénese das células
foliculares, € apontada pela literatura como um desses potenciais marcadores de
malignidade (Bartolazzi et al., 2001; Torregrossa et al., 2007; Inohara et al.,
2008).

2.2.2 Alteragdes tumorais da Prostata

O mecanismo de controle da divisao e diferenciacao celular é realizado
por um sistema integrado e complexo, que possibilita a manutencdo de
populagao celular nos parametros fisiologicos. Qualquer alteragdo nesse sistema
resulta nos disturbios tanto do crescimento como da diferenciacdo ou ambos
simultaneamente, nesse contexto, a prostata pode ser acometida por dois
principais disturbios tumorais: hiperplasia prostatica benigna (HPB) e cancer de
prostata (Robbins et al., 2005).

A Hiperplasia prostatica benigna (HPB), conhecida como o mais comum
entre as lesdes tumorais da prostata, € também, a associada a maioria dos
sintomas urinarios que afetam homens com idade superior a 50 anos e por 20 a
30% das prostatectomias radicais nos individuos que vivem até 80 anos (Phipps
et al., 2005).
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As alteragdes iniciais ocorrem por volta dos 35 anos de idade e consistem
em noédulos microscépicos no estroma que surgem ao redor das glandulas
periuretrais. Esses nddulos podem ser compostos tanto de elementos
glandulares quanto fibromusculares ou podem ser mistos (Narayan et al., 1994).

Relativamente incomum abaixo de 50 anos (20%), muito comum entre os
50 e os 60 anos de idade (70%), e quase a regra entre os 70 e os 80 anos
(90%), o HPB é uma doenga caracteristica da glandula interna: 95% originando-
se na zona de transi¢cado e 5% a partir do tecido glandular periuretral, ela pode

ocorrer em grau leve (Figura 4a), moderado (Figura 4b) ou severo (Figura 4c).

( ' Uretra
b Estreitada

Uretra
Obstruida

Figura 4. Préstata com HPB. (a) HPB em grau leve causando pouca
obstrugéo da uretra; (b) HPB em grau moderado causando estreitamento na

uretra; (c) HPB em grau severo resultando numa obstrugéo da uretra (Fonte:
www.medicaangelus.com.mx).

A hiperplasia do tecido glandular periuretral estende-se em direcéo

cranial, fazendo compressao sobre o assoalho vesical. Essa compressao era
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designada anteriormente como “hipertrofia do lobo mediano”. A maioria dos
aumentos da zona de transi¢cdo € arredondada e simétrica, mas ocasionalmente
pode haver nodulos hiperplasicos exofiticos crescendo em direcdo a zona
periférica. A macroscopia os nédulos hiperplasicos sdo faciimente visualizados,
pois comprimem o restante do tecido prostatico. O HPB pode ocorrer sob trés
formas histopatologicas distintas, a 1?: glandular (podendo causar aumento do
PSA), 22: intersticial, e 3%: focal (adenoma) (Djavan et al., 2009).

O numero de casos novos de cancer de prostata estimado para o Brasil
no ano e 2010 foi de 52.350. Estes valores correspondem a um risco estimado
de 54 casos novos a cada 100 mil homens. Na Regiao Centro-Oeste
(48/100.000) o cancer de prostata € o mais incidente entre os homens. Sem
considerar os tumores de pele ndo melanoma, é o mais frequente nas regides
Sul (69/100.000), Sudeste (62/100.000), Nordeste (44/100.000) e Norte
(24/100.000) (INCA, 2010)

O aumento acentuado na incidéncia tem sido justificado pelo diagnéstico
de casos latentes em individuos assintomaticos, apés maior utilizacdo da
dosagem do antigeno prostatico especifico (PSA) (INCA, 2010). Esse cancer,
também, é considerado a neoplasia maligna mais comum em homens idosos e €
frequentemente complicado por metastase 6ssea (Garnero, 2001; Scott et al.,
2001).

Como a maioria dos canceres comuns, os fatores etiolégicos associados
com o cancer da prostata sao variados, abrangendo influéncias genéticas e
ambientais. Os fatores ambientais sdo indicados claramente por estudos da
migragdo. Outros fatores etioldgicos incluem o envelhecimento (idade maior ou
igual a 50 anos), histéria familiar de pai ou irmao com cancer da prostata antes
dos 60 anos de idade, raca, influéncia hormonal, dieta (fatores indutivos e
preventivos) e o estilo de vida (Isaacs et al., 2002; Stavridi et al., 2010).

O cancer da prostata em sua fase inicial tem uma evolugado silenciosa.
Muitos pacientes ndo apresentam nenhum sintoma ou, quando apresentam, séo
semelhantes ao crescimento benigno da prostata (dificuldade miccional,
freqUéncia urinaria aumentada durante o dia ou a noite). Uma fase avangada da

doenca pode ser caracterizada por um quadro de dor 0ssea, sintomas urinarios
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ou, quando mais grave, como infeccbes generalizadas ou insuficiéncia renal
(INCA, 2010).

Um tipo de cancer de préstata de alta prevaléncia é o adenocarcinoma. O
exame histoldgico revela este cancer, em geral, constituido, por pequenos acinos
que infiltram difusamente o estroma. Um dos aspectos peculiares é a formagao
de glandulas no interior de glandulas, conferindo aspecto crivado. No estudo
morfoldgico, entre os varios sistemas de graduacgao existentes, o de Gleason é o
mais utilizado e se baseia na diferenciagao glandular e no padrao de crescimento
em relagao ao estroma (Brasileiro Filho, 2000).

Este sistema possui 5 graus de diferenciacdo (Figura 5): em 1 e 2, a
neoplasia mostra apenas desarranjo arquitetural, as glandulas crescem
proximamente juntas; em 3, 4 e 5, ha infiltracdo do estroma e em 5 o arranjo é
sélido bem indiferenciado (Wetzel e Becich, 2000). A classificagao final é dada
pela combinacéo de dois graus de diferenciacao diferentes. O primeiro chamado
de grau primario, representa a maior parte do tumor (deve ser maior que 50% do
padrao total observado). O segundo, grau secundario, esta relacionado com a
minoria do tumor (deve ser menos que 50%, mas no minimo 5% do padrao total
do cancer observado). Estes graus sdo entdo somados para se obter o padrao
de Gleason (Gleason, 1977).

Figura 5. Classificagdo dos graus histolégicos do carcinoma prostatico, de
acordo com a escala de Gleason (fonte: Lippincott Williams & Wilkins).
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Dentre os diversos disturbios celulares que resultam em neoplasias,
alteragdes na expressao de glicoconjugados sao frequentemente observadas em
tumores. Apesar disso, estudos a cerca das mudancgas na glicosilagao celular em
determinados estagios da carcinogénese prostatica sdo escassos (Chan et al.,
2001). Desta forma, conhecer a regulacdo da proliferagdo celular através de
alteragdes bioquimicas especificas ao céncer de prostata é de grande

importancia para o desenvolvimento de novas solugdes (Matera 2010).

2.3 Galectinas, definicdes e aplicacdes

As galectinas sado proteinas da crescente familia das lectinas animais
(lectinas endodgenas), envolvidas em diversos processos bioldgicos, tais como
interagbes com glicoconjugados contendo galactose, controle do ciclo celular,
proliferagdo celular, resposta imune, apoptose e em processos neoplasicos. (Liu
et al., 2002).

Membros da familia das galectinas sdo encontradas em esponjas, fungos,
nematoides, insetos, vertebrados incluindo os mamiferos, e algumas galectinas
virais foram identificadas (Cooper et al., 2002). A estrutura molecular das
galectinas geralmente consiste de cerca de 130 aminoacidos, altamente
conservados, bem como uma regido de reconhecimento a carboidratos (CRD —
carbohydrate recognition domains) e por reconhecer estruturas de -
galactosideos (Barondes et al., 1994; Lahm et al., 2004) (Figura 6).

Figura 6. Estrutura molecular da galectina-3 complexada ao carboidrato.
(fonte: http://web.mit.edu/glycomics/moleculepages/cbp/galectins/gal3_human/)
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Até o momento foram descritas 15 galectinas oriundas de mamiferos e
essa familia de proteinas é subdividida em 3 categorias com base na homologia
das sequéncias de aminoacidos: |) “prototypical”’, sdo aquelas que contem um
unico CRD e formam homodimeros nao-covalentes; Il) “Chimeric”, apresentam
um CRD e um dominio amino-terminal rico em residuos de prolina, glicina e
tirosina; o qual é sensivel a metaloproteinases e contribui para a oligomerizagéo
dessas lectinas; Ill) “Tandem-Repeat”, polipeptideos unicos compostos por dois
CRDs distintos conectados por um peptideo ligador de 5 a 50 residuos de
aminoacidos (Cummings & Liu, 2009).

Além das galectinas dos mamiferos, outras sdo descritas provenientes de
outras espécies animais (Barondes et al., 1994a; Cooper et al., 1997; Kasai et
al., 1996; Muller et al., 1997; Leffler et al., 1997; Cooper et al., 2002). Galectinas
sdo pequenas proteinas soluveis, com peso molecular variando entre 14 a 36
kDa. Elas sao sintetizadas no citosol onde permanecem, podendo ser
exportadas (Barondes et al., 1994a; Hughes et al., 1997; Hughes et al., 1999) ou
translocadas para o nucleo (Wang et al., 2009). Desta forma, As galectinas dos
vertebrados sdo encontradas no citoplasma e no nucleo, na superficie celular e
no espacgo extracelular (Hughes et al., 1999).

Dentre as galectinas identificados em mamiferos, a galectina-3, € uma das
mais estudadas e € uma proteina monomérica de 30 Kda indicada como um
potencial marcador tumoral de malignidade nas neoplasias prostaticas (Califice
et al.,, 2004a). A Galectina-3 faz parte das lectinas com afinidade por beta-
galactosideo, sua expressao vem sendo relacionada ao surgimento de tumores e
metastases (Christoph et al., 2004; Alves et al., 2010).

Sua estrutura parece ser uUnica quando comparada com as demais
galectinas de vertebrados (Houzelstein et al., 2004). Ela foi inicialmente
identificada como marcador de diferenciacdo de macréfagos (Ho et al., 1982).

Cada galectina apresenta um perfil especifico e sua expressdo é
normalmente regulada durante o desenvolvimento das diversas células e tecidos.
Na maioria das vezes sado encontradas no citoplasma celular, algumas sao
secretadas pelas células e interagem com proteinas da superficie celular
regulando a adesdo entre as células e destas entre a matriz extracelular
(Hughes, 2001; Martinez et al., 2004).
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As galectinas vém sendo largamente utilizadas como ferramenta na
imunohistoquimica. Alteracdes na expressao das galectinas sao frequentemente
observadas em varias células tumorais durante seu desenvolvimento,
crescimento, diferenciagdo, metastase, apoptose, “splicing” do RNA e fungdes
imunoreguladoras (Rabnovich et al., 2002; Elola et al., 2005).

Uma série de evidéncias experimentais e clinicas vém reforcado as
correlacdes entre sua expressao e as neoplasias. Estudos demonstram que a
presenca de galectinas € relevante na progressdo de neoplasias em certos
tumores malignos, indicando estas como potenciais marcadores tumorais (Pacis
et al., 2000; Califice et al., 2004).

Desde os trabalhos iniciais que demonstravam que mais de 90% de
lesbes tireoidianas malignas expressavam galectina-3, principalmente em
carcinomas folicular e papilifero, surgiram fortes evidéncias de que essa proteina
poderia ser um marcador de malignidade neste tipo de neoplasia (Xu et al., 1995;
Faggiano et al., 2003).

Ela é encontrada em diversos tecidos normais, e sua expressao em
adultos é similar a expressao durante a embriogénese, isso foi relatado para
células epiteliais e mieldides. Galectina-3 foi encontrada nas células do epitélio

intestinal (Tabela 1).

Tabela 1. Tecidos e células humanas que expressam galectina-3.

Local Referéncia
Células do epitélio intestinal Lotz et al., 1993
Epitélio do cdolon Lotz et al., 1993
Epitélio corneo Gupta et al., 1997; Cao et al., 2002
Epitélio conjuntivo Hrdlickova et al., 2001
Epitélio olfatorio Heilmann et al., 2000
Células epiteliais do rim Sasaki et al., 1999
Pulmao Kasper et al., 1996
Timo Villa-Verde et al., 2002
Mama Castronovo et al., 1996
Tireoide Saggiorato et al., 2004
Préstata Pacis et al., 2000
Células ductais das glandulas salivarias Xu et al., 2000
Pancreas Schaffert et al., 1998

Rim Sasaki et al., 1999
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Olho Fautsch et al., 2003

Ductos biliares Shimonishi et al., 2001

Fibroblastos Moutsatsos et al., 1987

Condrécitos Colnot et al., 1999

Osteoblastos Stock et al., 2003

Osteoclastos Niida et al., 1994

Ceracinécitos Wollenberg, 1993; Konstantinov, 1994
Células de Schwann Reichert et al., 1994

Mucosa gastrica Lotan et al., 1994a

Células endoteliais Lotan et al., 1994b

Neutrofilos Truong et al., 1993a

Eosinodfilos Truong et al., 1993b

Basdfilos Frigeri et al., 1993

Mastdcitos Craig et al., 1995

Células de Langerhans Wollenberg 1993; Smetana et al., 1999
Células denditricas Flotte et al., 1983; Dietz et al., 2000
Mondcitos Li et al., 1995

Macrofagos Flotte et al., 1983; Kasper et al., 1996;

Saada et al., 1996; Maeda et al., 2003

Em outros tipos celulares, como os linfécitos, a galectina-3 nao é
normalmente expressa, porém sua expressao pode ser observada apoés
estimulacéo.

Alteracdes no perfil de expressao da galectina-3 vém sendo observado na
progressao maligna de diversos tipos de cancer como no de colon, tiredide,
mama, estdbmago (Miyazaki et al., 2002), prostata e em metastases do figado
(Inufusa et al., 2001) (Tabela 2).
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Tabela 2. Padrao de marcacédo atraveés de imunohistoquimica para galectina-3
em lesdes tumorais:

Tecido/Orgéo Perfil de expresséao Referéncia
Estébmago Aumentado Miyazaki et al., 2002
Linfonodos Aumentado Miyazaki et al., 2002
Cabeca e Pescocgo Aumentado Gillenwater et al., 1996
Lingua Aumentado Honjo et al., 2000
Hepatocelular Aumentado Hsu et al., 1999:;

Chung et al., 2002
Coélon Aumentado Irimura et al., 1991;
Lotan et al., 1991
Tiredide Aumentado Bartolazi et al., 2008,
Inohara et al., 2008
Glandulas salivares Reduzido Xu et al., 2000
Mama Reduzido Stannard et al., 2010
Ovario Reduzido Van den Brule et al., 1994
Prostata Reduzido Araujo-Filho et al., 2002
Melo-Junior et al., 2010
Utero Reduzido Van den Brule et al., 1996
Células basais de pele Reduzido Castronovo et al., 1991
Pele Reduzido Mollenhauer et al., 2003
Metastases do figado Reduzido Inufusa et al., 2001
Pancreas Reducido Schaffert et al., 1998
Adenocarcinoma Reduzido Inufusa et al., 2001

Como se pode constatar a galectina-3 é expressa em uma grande
variedade de tumores, e a expressido depende do estadiamento tumoral,
invasividade e potencialidade de metastases (Van den Brule et al., 2002; Danguy
et al., 2002; Dumic et al., 2006).

Apos sintetizada, a galectina-3 localiza-se predominantemente no
citoplasma podendo ser encontrada também no nucleo, sugerindo que esta
proteina fica alternando entre nucleo e citoplasma (Davidson et al., 2002). A
localizagdo intracelular da galectina-3 no nucleo e/ou no citoplasma é
dependente de inumeros fatores como o tipo, nivel de proliferagao celular e a

progressao neoplasica (Moutsatsos et al., 1987; Openo et al., 2000).
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A localizagao intracelular da galectina-3 desempenha papel importante na
sua funcdo antiapoptoética. Nos carcinomas de lingua, os niveis da expressao
nuclear dessa proteina diminuiram durante a progressdo do tumor quando
comparados com a mucosa normal, enquanto que a expressao citoplasmatica
aumentou mostrando que a translocagdo da galectina-3 do nucleo para o
citoplasma durante a progressdo neoplasica pode ser utilizado como fator
prognostico em pacientes com carcinoma de lingua (Honjo et al., 2000). Esses
resultados juntos sugerem que a galectina-3 parece ter uma atividade anti-
tumoral quando estd presente no nucleo e favorecer a progressdo tumoral
quando expressa no citoplasma.

Alguns trabalhos sugerem que a galectina-3, quando localizada no
compartimento extracelular exerce uma funcdo anti-apoptoética. A galectina-3
extracelular pode ndao ser uma molécula anti-apoptética por si s6, mas existe a
possibilidade de que a sua interagdo com alguma proteina na superficie celular
possa exercer essa atividade anti-apoptética em algumas células, contribuindo
dessa forma para a sobrevivéncia celular (Nakahara et al., 2005).

Outros trabalhos também demonstraram seu envolvimento na inibicdo da
apoptose. Células que apresentaram superexpressao dessa proteina
apresentaram também um aumento da resisténcia a estimulacdo apoptdtica
quando induzidas por éxido nitrico e radiagcado (Yang et al., 1996; Moon et al.,
2001).

Por outro lado, também foi descrita uma fungao pré-apoptética para a
galectina-3, Takenaka e colaboradores (2004) relataram que a galectina-3
extracelular secretada por células tumorais pode exercer uma funcdo pré-
apoptotica nos linfécitos T humanos, contribuindo no mecanismo de “escape
imunologico” das células tumorais, e favorecendo indiretamente a progressao
tumoral.

O mecanismo molecular de regulacdo da apoptose ainda ndo esta bem
esclarecido, contudo, € possivel que ela possa mimetizar a Bcl-2, uma proteina
mitocondrial bem conhecida como supressora da apoptose (Yang et al., 1996;
Moon et al., 2001). Apesar de existirem inumeros trabalhos na literatura
relacionando a expressao da galectina-3 a invasdo tumoral e metastases em

diversas neoplasias como neoplasias da tiredide, gastricas e da regido da
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cabeca e pescoco, alguns dados sao conflitantes e inconsistentes e ndao ha um
consenso geral na literatura a respeito do papel dessa proteina na progressao
tumoral (Dumic et al., 2006).

Por outro lado, em algumas lesdes como tumores de mama, prostata e
ovario, a expressdo da galectina-3 € inversamente proporcional ao potencial
metastatico da lesdo (Castronovo et al.,, 1996; Krzeslak & Pacis et al., 2000;
Lipinska, 2004).

Em tumores malignos epiteliais da regido da cabeca e do pescogo alguns
estudos verificaram que a galectina-3 esta localizada na superficie da célula,
onde pode estar associada as interagdes celulares. Seu padrao de expressao
parece estar associado a diminuicdo do padrdo de diferenciacdo do tumor,
sugerindo que a galectina-3 pode ser utilizada como um marcador biolégico e de
diferenciagao nesse tipo de lesao (Gillenwater et al., 1996; Plzak et al., 2004).

A expressao da galectina-3 em neoplasias das glandulas salivares foi
estudada inicialmente por Xu e colaboradores (2000). Os autores observaram
marcacado da proteina em 3 dos 14 casos de carcinomas adenodides cisticos
estudados, em 8 dos 9 casos de adenocarcinomas polimorfos de baixo grau e
em 8 dos 9 casos de carcinomas ex-adenomas pleomorficos. Diante desse
resultado os autores concluiram que a expressdo da galectina-3 pode estar
associada a diferenciagao celular.

Teymoortash e colaboradores (2006) estudaram 35 casos de carcinoma
adenoide cistico de cabecga e pescogo e observaram que todos os casos que
apresentaram metastases a distancia eram positivos para galectina-3 e todos os
casos onde nao ocorreram metastases a distancia eram negativos para
galectina-3. Da mesma forma, todos os pacientes que apresentaram metastases
regionais também eram positivos para a galectina-3, com uma marcagao
predominantemente citoplasmatica. Diante disso concluiram que a expressao da
galectina-3 esta associada ao acréscimo da incidéncia de metastases regionais e
a distancia nos carcinomas adendides cisticos de cabeca e pescoco.

A expressao imunohistoquimica da proteina galectina-3 em carcinomas
adenoides cisticos e adenocarcinomas polimorfos de baixo grau de malignidade
foi estudada e observou-se que a marcagdo da galectina-3 foi

predominantemente nuclear nos carcinomas adenodides cisticos estudados e
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citoplasmatica nos adenocarcinomas polimorfos de baixo grau de malignidade.
Além disso, de forma geral, a marcagdo imunohistoquimica da proteina
galectina-3 nessas lesbes manteve o0 mesmo padrdo de marcagdo das
citoqueratinas observado nas glandulas salivares normais, porém, com
intensidade e padrbes de expressao distintos, sugerindo a participacdo dessa
proteina na diferenciagao celular (Ferrazzo et al., 2007).

Os resultados de estudos demonstram que, embora a galectina-3 esteja
localizada frequentemente no citoplasma, ela também pode ser observada no
nucleo, na superficie celular ou no meio extracelular, o que indica uma
multifuncionalidade dessa molécula (Hughes, 1999). Os niveis de expressao da
galectina-3 dependem do organismo ou tecido avaliado, sugerindo que fatores
especificos do tumor ou do tecido podem modular a expressividade da galectina-
3 (Takenaka et al., 2004).

Weinberger e colaboradores (2007) estudaram a marcagdo nuclear e
citoplasmatica da galectina-3, associando a expressao da (-catenina e da ciclina
D1 em carcinomas da tiredide. Os autores apontam que a expressao da
galectina-3 parece estar fortemente associada ao aumento da expressividade da
B-catenina e da ciclina D1 nos carcinomas bem diferenciados de tiredide.

Estudos in vitro demonstraram a existéncia de uma relacdo entre a
galectina-3 e a alteracdo maligna das células epiteliais da tiredide. Foi inibida a
expressao da galectina-3 em células de carcinoma papilar, € houve uma redugao
no fendétipo maligno (Yoshii et al., 2001). Em outro trabalho, a transfec¢ao do
cDNA da galectina-3 a tireécitos normais induziu uma transformagéo para o
fendtipo maligno (Yang & Liu, 2003). Demonstrando assim que a galectina-3
exerce influéncia na manutengao do fenétipo maligno, para as células foliculares.

Com a evidéncia da relagao entre a galectina-3 e as neoplasias malignas
de tiredide, observou-se a possibilidade dessa molécula ser um marcador de
malignidade para lesbes proliferativas. Takenaka e colaboradores (2003)
demonstraram que a galectina-3 é expressa em altos niveis pelos carcinomas
foliculares e papilares, e em niveis variados por carcinoma medular, ndo sendo
expressada pelos adenomas (Takenaka et al., 2003).

Essa constatagdo originou inumeras publicagbes sobre o uso dessa

molécula, confirmando os achados anteriores (Gasbarri et al., 1999; Orlandi et
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al., 1998; Kawachi et al., 2000; Herrmann et al., 2002; Bartolazzi et al., 2008; Lin
et al., 2009). Dentre os trabalhos desenvolvidos, foi realizado um onde seis
diferentes centros de pesquisa utilizaram o mesmo anticorpo monoclonal contra
a galectina-3 e a conclusdo dos autores definiu que amostras de PAAF de
tiredide, que apresentem marcagdo positiva para a galectina-3, sejam
consideradas malignas e devem ser submetidas a tireoidectomia. Enquanto que
as amostras negativas seriam definidas como alteragbes hiperplasicas ou
adenomatosas, devendo ser acompanhadas clinicamente (Bartolazzi et al.,
2001).

Enquanto isso a expressdao da galectina-3 em tumores prostaticos se
comporta de forma oposta aos dados observados na tiredide, quando a sua

expressao € diminuida em lesdes tumorais (Ahmed et al., 2007).

2.4 Aplicagdes da quimiluminescéncia na saude

Por definicdo a luminescéncia pode ser considerada a emissdo de luz
através da alteragao do nivel energético de atomos ou moléculas provocadas por
reagdes quimicas, radiacao ou interagdes bioldgicas (Van Dyke, 1985). InUmeros
compostos organicos exibem luminescéncia em condi¢des apropriadas, e a
maioria dos imunoensaios luminescentes realizados, tem como marcadores:
luminol, isoluminol, éster de acridina ou seus derivados (Campbell et al., 1985; Li
et al., 2008; Wang et al., 2008).

A quimiluminescéncia (QL) é definida como o processo no qual moléculas
ou atomos excitados através de reagdes quimicas liberam o excesso de energia
na forma de luz. Este processo envolve a absorg¢ao, pelos reagentes, de energia
suficiente para a geragao de um novo complexo, eletronicamente excitado. Se a
espécie excitada for emissiva, esta produzira a radiacdo diretamente, caso
contrario, pode ocorrer transferéncia de energia do estado excitado formado por
uma molécula aceptora apropriada, resultando na emissao indireta da radiacao
(Albertin et al., 1998; Yang et al., 2008).

Este fendmeno possui aplicagdes diversas em quimica analitica,

principalmente, na area da analise por injecao em fluxo, cromatografia de coluna
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liquida e sistemas de separacdo por eletroforese capilar, bem como em
imunoensaios (Garcia-Campania et al., 2003).

Dentre os inumeros beneficios da utilizacdo dos métodos luminescentes
podemos citar: limite de deteccao ultra-sensivel, testes rapidos e um amplo
campo de aplicagdes analiticas, toxicidade inferior comparada a oferecida por
radioisotopos, n&o agressdo ao meio ambiente e especificidade (Ferreira &
Rossi, 2002). A quimioluminescéncia tem também como grande vantagem ser
um sistema frio uma vez que a energia na forma de luz é produzida diretamente
de uma reagdo quimica, sem passar por um estagio intermediario envolvendo
calor (Catalani, 1996).

A aplicacdo da QL como instrumento analitico depende da acoplagem da
substancia de interesse a um dos elementos participantes da reacao
quimiluminescente ou ao produto no estado excitado. A concentragcdo da
amostra desconhecida sera proporcional a producao de luz total emitida ou a um
parametro fisico associado a luminescéncia, tal como cor ou polarizagdo da luz
emitida (Campbell et al., 1985).

Algumas analises laboratoriais baseadas em principios
quimiluminescentes tém sido desenvolvidas para dosagens que requerem uma
alta sensibilidade, como a determinacdo de citocinas, fator de crescimento
epidérmico, e de crescimento endotelial vascular. Dentre a grande variedade de
testes ja disponiveis comercialmente estdo aqueles utilizados na avaliagéo de
funcdo tireoidiana, dosagem de PSA, fertiidade, marcadores tumorais,
monitoramento de drogas terapéuticas, hepatite, proteinas especificas e
esteroides (Kricka 2003).

As substancias quimiluminescentes podem ser detectadas na faixa de
fentomoles ou atomoles (10" a 10™"® mol), com sensibilidade superior aos
ensaios espectofotométricos (10° a 10" mol) e fluorimétricos (10° a 10™ mol)
(Campbell et al., 1985). Varios compostos organicos exibem QL em condigbes
apropriadas, dentre os quais destacam-se o luminol, isoluminol, éster de acridina
ou seus derivados como alguns dos marcadores utilizados em imunoensaios
quimiluminescentes (Roda et al., 2000).

Devido a necessidade de substituir os marcadores radioisotopicos que

estavam se tornando poucos populares devido a sua curta meia vida, ao perigo
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potencial a saude e aos problemas quanto aos dejetos gerados, o éster de
acridina foi introduzido em imunoensaios (Weeks et al., 1986). Desde entdo o
éster de acridina tem sido foco de pesquisas para ampliar sua aplicagdo nas
mais diversas areas de Biotecnologia. (Adamezyk et al., 2001).

A acridina € um composto fluorescente cujos sais podem ser estimulados
para produzir luz na presenca de peréxido de hidrogénio em meio alcalino diluido
(Figura 7) na auséncia de um catalizador (Weeks et al., 1983). Essa propriedade
se deve a presenga de um nitrogénio quaternario central e a derivatizagédo no
carbono 9 que possui um Ester de fenil marcado com um radical. Dentre os
derivados de acridina, o ester de acridina recebeu um destaque especial pela
facil oxidagdo com o peroxido de hidrogénio e a formagdo de um produto
excitado (N-metilacridona), o qual ird emitir luz (Weeks et al., 1983; Yang et al.,
2002).
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Figura 7. Reacdo Quimiluminescente do Ester de Acridina
(Fonte: Weeks et al., 1983).

A utilizacao dos ésteres de acridina em imunoensaios quimiluminecentes
foi promovida pela primeira vez por Weeks e colaboradores (1983) na
preparagao de anticorpos mono- ou policlonal marcado contra a alfa 1-
fetoproteina, onde foi demonstrado que este composto possuia uma alta
sensibilidade de deteccéo, igual ou superior ao 123,

Apds conjugado a diversas moléculas, o éster de acridina tem sido

empregado na preparagao de sondas citoquimicas e histoquimicas. Assim como
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o éster de acridina, outros compostos, como o luminol e isoluminol, também s&o
utilizados como marcadores em imunoensaios quimiluminescentes (Kricka,
2003).

Em nosso laboratério, foi testada a aplicacdo dos ensaios
quimiluminescentes utilizando o éster de acridina conjugado a lectina
concanavalina-A em les6es mamarias (Campos et al., 2006), e recentemente
também estdo sendo testados ensaios imunoquimiluminescentes em lesdes de

mama e pele.
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3. OBJETIVOS

3.1 Objetivo geral

Estabelecer um protocolo para detecgdo de galectina-3 a partir de
anticorpo conjugado ao Ester de Acridina em tecidos tumorais da tiredide e
prostata, realizando ensaios imunoquimiluminescentes e compara-los aos

resultados com imunohistoquimica convencional.

3.2 Objetivos especificos

» Aprimorar um meétodo de conjugacado do éster de acridina ao anticorpo

galectina-3;

» Empregar quimiluminescéncia para quantificagdo de fotons (URL) através

da hidrdlise do éster de acridina conjugado aos anticorpos;

> Estabelecer o shelf-life do conjugado Ester de acridina-AntiGalectina3;

> lIdentificar o perfil de expressao imunohistoquimico da galectina-3 entre os
tumores tireoidianos benignos (adenoma folicular), malignos (carcinoma

papilar e carcinoma folicular) e tecido normal;

» Obter a imunomarcacgéao através de imunoistoquimica para galectina-3 em
lesdes tumorais da préstata (hiperplasia prostatica benigna,

adenocarcinoma prostatico e tecido normal da prostata);

» Comparar os resultados da expressao tecidual da galectina-3 para a
imunohistoquimica através de reacdo enzimatica (peroxidase) e reagdes
de imunoquimiluminescéncia empregando conjugados de éster de

acridina e avaliar seu potencial como ferramenta diagnostica.
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4. RESULTADOS
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/ ABSTRACT \

Nowadays, in the clinic routine, protein biomarkers of efficacy, or mode of action, are
used to better monitor and predict patient responses to drug treatment and diagnosis.
Currently, the chemiluminescence biomarkers are applied for validation methods and
screening. Here, was revised the development of the new analytical tool through
immunological (antibody) and chemiluminescent methods combination, named
chemiluminescence immunoassay (CLIA). In the tumoral process, increased
expression of specific antigens is associated in patients with certain tumors. Thus, in
our laboratories CLIA has been tested to study different tumoral lesions from glandular
tissues, like prostate and thyroid. In conclusion, there is a great opportunity for
introducing the adaptive chemiluminescence devices, since clinical diagnostics

Q)resents a huge, well-established and important analytical field. /
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INTRODUCTION:

In the last 15 years, the utility of luminescent labels has steadily increased. The
phenomenon has been applied to biomedical science in immunoassays, DNA probe
assays, and measurement of important enzymes and metabolites.

By developing chemiluminescent (CL) compounds that can be used as substrates
for enzyme labels it is possible to increase the speed of ultrasensitive CL immunoassays
without impairing the sensitivity.

The term “chemiluminescence” was first coined by Eilhardt Weideman in 1888.
This reaction refers to the emission of light from a chemical transformation.
Chemiluminescent reactions emit light of varying degrees of intensity and lifetime, with
colors that span the visible spectrum'~.

In 1998 Robert Wilson of Liverpool University Chemistry Department was
looking at similarities between simple iron containing compounds and enzymes such as
horseradish peroxidase (HRP). During this work he acquired a group of compounds called
acridan esters from the US company Lumigen. Works had shown that acridan esters could
be used as a chemiluminescence substrate for HRP, and Wilson demonstrated that light-
emitting reactions could also be triggered electrochemically. Acridan esters are oxidized
to more familiar acridinium esters that have been used as labels in ultrasensitive
chemiluminescence immunoassays and nucleotide assays for many years3’4.

Chemiluminescent reactions occur in the gas, solid and liquid state. In its simplest

it can be represented as:

A+B —>[1]—> products + light

where [I] is a highly energetic intermediate compound produced from a chemical
activation reaction when two reagents (A and B) are mixed. The [I] is short-lived and
returns to a lower energy state by emitting visible light'~.

Quantitative analysis of chemiluminescence images, performed by defining
suitable areas and evaluating the total number of photons that fluxes from whitin those
areas, permits the quantitative assessment of distribution of light emission. The
luminescence intensity is usually expressed as photons per second and surface area or in
arbitrary units (often called relative light units, RLU), depending on the instrument used.

Nevertheless, absolute quantitative analysis is hampered by several factors, including the
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lack of suitable calibration systems, the need for standardized and reproducible
experimental conditions, and the influence of the sample properties on the emission
intensity®.

There are many systems of chemiluminescence of which the two most widely used
are the luminal based and the peroxy-oxalate based systems’.

In general, the luminol or acridinium ester is a major chemiluminescent analytical
technique is used in clinical analysis®. As effective CL labels for biomolecules,
acridinium esters have received great interest for immumoassay and DNA assayg.

In the ours laboratories we labeling acridinium ester molecule with Concanavalin
A (ConA), to be used as auxiliary histochemistry tool to help the clinical-pathological
evaluation of infiltrating duct carcinoma, a human mammary tumour of high incidence in
the State of Pernambuco-Brazil .

The attractiveness of chemiluminescence as an analytical tool is the simplicity of
detection. The fact that a chemiluminescent process is, by definition, its own light source
means that assay methods and the instruments used to perform them need only provide a
way to detect light and record the result. Luminometers need consist of only a light-tight
sample housing and some type of photodetector. Taken to the extremes of simplicity,
photographic or x-ray film or even visual detection can be used' "',

Chemiluminescence (CL) has been known to be a powerful analytical technique
that exhibits high sensitivity and selectivity, and the simple requirements of
chemiluminescent methods make them robust and easy to use’. The recent availability of
high sensitivity and high-resolution light imaging devices at reasonable cost has led to an
increased diffusion of CL imaging analytical techniques. This techniques take advantage
of detection in comparison with other spectroscopic methods (high sensitivity and
specificity, low background signal, easy quantitative analysis and wide dynamic range)
and the possibility to localize and quantify the light emission on a sample down to the
single-photon level*'*.

The efficiency of a chemiluminescent reaction is given by the quantum yield,
which is a measure of the fraction of reacting molecules that actually produce light. For
analytical chemists the main attraction of CL is the opportunity to carry out sensitive
assays over a wide range of concentrations using relatively inexpensive equipment. In
practice it is usually combined with a complementary technique that confers specificity

on the CL reaction. The most widely used complementary technique is CL immunoassay
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where antibody labels such as acridinium esters have been used to detect analytes at

. . 3
picomolar concentrations’.

LUMINESCENCE METHODS:

Chemiluminescence immunoassay (CLIA) methods:

Immunoassays based on chemiluminescence have substantially greater sensitivity
and dynamic range than those based on earlier-generation detection techniques. Efficient
light emission with low background is coupled with the high sensitivity and broad range
of the photomultiplier detector. For every photon of light striking the surface of the
photomultiplier, there is a 10° fold electronic amplification of the signal. Photomultipliers
have very low background noise and inherent dynamic ranges of 5 to 6 orders of
magnitude'’.

Chemiluminescence enzyme immunoassay (CLEIA), which integrates the
advantages of immunoassay and chemiluminescence determination such as high
specificity and throughput, rapidity and convenience in operation and relatively simple
and inexpensive instrumentation'®"”.

The chemiluminescence imaging have also been extensively applied for the
evaluation of the spatial distribution of a given target molecule, chemical or biochemical
process on macro or microsamples associated with traditional methods,
immunohistochemistry (IMH), in situ hybridization (ISH), enzyme or chemical reactions
are used for the localization of antigens, gene sequences, enzymes or metabolites in cells
and tissue sections”.

Even though a wide range of different bio- and chemiluminescent systems have
been applied in conventional chemiluminescence assays, only a small number of
luminescent systems proved suitable for imaging applications. The main requirement,
which is particularly crucial in imaging microscopy, is the localization of the luminescent
signal in close proximity to the site where the luminescent reaction takes place®.

For example, bio- and chemiluminescence imaging microscopy a target molecule

is often detected through its binding to a biospecific probe labeled with an enzyme that
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catalyzes a chemiluminescent reaction. Accurate localization of the target, down to the
micrometer scale, requires that the light emission take place close to enzyme label'.

IMH is based on the use of highly specific antibodies, able to bind to an
endogenous and/or tumoral antigen (usually a protein), which are subsequently detected

by means of class-specific antibodies conjugated to enzymes (Figure 1).

Immunohistochemistry Chemiluminescence
immunoassay
Secundary i
antibody .

720
Primary l' l Primary

antibcjy\ (; ,\\ / x\:jibody

Sample Sample

(A) (B)

Figure 1. Two immunoassay techniques. (A) Illustration of classical
Immunohistochemistry (based on enzymatic reactions) and (B) Chemiluminescence
immunoassay method.

Now, The chemiluminescence immunoassay (CLIA) thus combine the specificity
and sensitivity of labeled probes evidenced by chemiluminescence and spatial
morphological resolution and localization of the signal of the IMH technique'®.

Among assay methods, chemiluminescence detection represents a versatile,
ultrasensitive tool with a wide range of applications in biotechnology. It also gives a
sensitive, rapid alternative to radioactivity as a detection principle in IA for the
determination of molecules (e.g., proteins, hormones, drugs, nucleic acids and
environmental pollutants). Chemiluminescence is now commonly used for immunoassay
in the form of a CL label or as a CL detection reaction for an enzyme or a nanoparticle
label. In recent years, CLIA has become very popular in clinical chemistry and
environmental analysis, due to its high sensitivity, wide dynamic range and complete
automation'”?’.

With the development and application of recombinant Ab (rAb) technology,

markers and related techniques, solid-phase materials and improvements in automation,

integration and miniaturization, CLIA has acquired an entirely new appearance' .
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Reagents required for reactions that produce CL may becoupled to Abs or antigens
(Ags) and used as labels for immunoassay. Since the first report on CL labels in 1976,
considerable efforts have been devoted to developing practical CL-labeling systems
because of their low limits of detection (LODs) (Seitz, 1984). Luminol, isoluminol and its
derivatives, acridinium ester, horseradish peroxidase (HRP) and alkaline phosphatase
(ALP) have frequently been employed as CL labels in immunoassay for development and
application of CLIA methods. Because the CL-detection methods have very low LODs,
new CL labels and related substrates, new label technologies have been studied and
obtained staggering results'>**.

Scorilas and co-workers (2005)* synthesized two novel biotinylated acridinium
derivatives, 9-(2-biotinyl-oxyethyl)-carboxylate-10-methyl-acridinium triflate
(BOCMAT) and 9-(2-biotinyl-amidoethyl)-carboxylate-10-methyl-acridinium triflate

(BACMAT), and described their luminescent properties and immunoassay applications.

Biochemiluminescence (BCL):

Owing to the light signal being generated by a chemical reaction in the dark, CL
shows lower nonspecific signal and noninterference by light scattering. CL presents
excellent performance in the mode of sandwich-type assays, the sensitivity of which is
determined primarily according to the detection limit of the label. In the most format of
CL immunoassay, the bound sample constituents are usually separated by an immobilized
immunoreagent on a solid phase, for example, microwell plates, assay tubes and
microparticles®*.

In the same way, the bound and free tracers can also be separatedand the

separation step guarantees the low background signal of CL reaction.

LUMINESCENT TUMOR MARKERS:

Despite years of research and hundreds of reports on tumor markers in oncology,
the number of markers that have emerged as clinically useful is pitifully small. Often,

initially reported studies of a marker show great promise, but subsequent studies on the
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same or related markers yield inconsistent conclusions or stand in direct contradiction to
the promising results™.

The proteins, mainly antibodies, are extensively used as diagnostic tools in a wide
array of different analyses. Antibody-based immunoassays are the most commonly used
type of diagnostic assay and still one of the fastest growing technologies for investigation
of biomolecules®®.

Light-emitting chemical reactions (chemiluminescence - CL) and biological
reactions (bioluminescence BL) have a diverse range of analytical applications but
relatively few have been adopted by routine clinical laboratories®.

For example, the principle of CL has been employed in the field of Obstetrics and
Gynecology for the early detection of cervical cancer and pre-cancer’.

Tumor growth and metastases, as well as drug efficacy, have been monitored in
living animals by injecting a mouse with luminescence recombinant tumor cells and
imaging the produced light”’. Alternatively, primary tumors and unknown metastases can
be revealed in vivo by using engineered light-emitting cells as probes for tumor
location®.

The concentration of carcinoembryonic antigen (CEA) in serum obtained from
different carcinosis patients was detected by using the method of double antibody
sandwich CL immunoassay and the results obtained by this method are fairly well
agreeable to those obtained by a consagrated detection method (RIA).

Zhuang and co-workers (2004)*° synthesized a new biacridine compound, 10,10-
dimethyl-3, 3-disulfo-9, 9-biacridine (DMDSBA) as a CL Ilabel and established a
sandwich CLIA method for the determination of carcino-embryonic Ag (CEA) in human
serum for detection of tumoral diseases.

A chemiluminescence enzyme immunoassay (CLEIA) based on alkaline
phosphatase ALP-labeling has been proposed for AFP detection. But ALP-labeling
methodology shows two weak points when compared with HRP-labeling methods, which
will bring high background and unavoidably, unproportionate or false positive results in
the clinical usage”.

Zhang and co-workers (2009)*! pretreating the magnetic particles with fluorescein
isothiocyanate (FITC) labeled anti-AFP monoclonal antibody (FITC-McAb), a one step
CLEIA based on magnetic particles was developed for AFP with high simplicity and

sensitivity, as well as wide linear range. The proposed magnetic particles based CLEIA
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was used to evaluate AFP in human sera samples and a good correlation was
obtainedwhen  comparing the results with that from a  commercial
electrochemiluminescence immunoassay Kkit.

The a-fetoprotein (AFP) is the most widely used tumor marker through CL for the
diagnosis of Hepatocellular carcinoma (HCC)***>.

Despite the prostate cancer (PCa) has become a most widespread and stubborn
disease and a major cause of death in the old age male population nowadays®*. Zheng and
co-workers (2008)** development sensitive chemiluminescence immunosensor was
developed for the detection of PSA. A sandwich assay format was established by using a
monoclonal antibody pair acting as the capture probe and detecting probe, respectively.

Most of the current PSA detection methods are usually based on immunoassays.
The more established approaches include enzyme-linked immunosorbent assays
(ELISA)™, time-resolved immunofluorometric assay’’, surface plasmon fluorescence

1*° and surface-enhanced

immunoassay’’, bioluminescent immunoassay", electrochemica
Raman scattering (SERS)™.

Lately, several new PSA detection methods employing the nanowire electrodes®’,
the nanoparticle-based bio bar code™, and the microcantilever method* are proposed.
Although they all have their individual strengths, chemiluminescence (CL) is among the
most widely used readout modality in virtue of undoubted advantages over other more

widely used systems'***.

PERSPECTIVES AND FUTURE:

Chemiluminescence is a well-established detection principle in various fields,
including liquid chromatography, pharmaceutical and analysis, immuno- and gene probe
assays. Nowadays, the CL represents a potent and versatile medical analytical tool
suitable for a wide range of applications, because it combines the high delectability of the
of the luminescence signal with the possibility to localize and quantify the light emission
in a sample®.

The high detectability and rapidity of CL techniques, along with the availability of

microarray-based analytical devices, allows the development of high throughput
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screening assays, in which simultaneous, multi-analyte detection is performed on multi
samples'”.

Therefore, more and more medical experts and chemists are interested in CLIA.
However, the development of CLIA is dependent on the application of the sensitive and
selective chemiluminescent probe®.

Improvements in analytical sensitivity will likely lead to the discovery of new
analytes tumours detection. Technical enhancement holds the promise of detecting very
low concentrations in serum using nanoparticles as labels and CL detection*>*,

In conclusion, chemiluminescent immunoassay (CLIA) is a fast and simple
method without radioactive pollution, its sensitivity is usually higher than that of
fluorescent immunoassay and enzyme immunoassay”.

Nowadays, the method using nanoparticles, especially metal, as biological labels
has attracted considerable interest. As biological labels, NPs present many
advantages****".

Recently in our laboratory we tested the applications of chemiluminescence
immunoassay with galectin-3 acridinum ester conjugated to anti-Galectin3 antibody in

prostatic and thyroid tumors and chemiluminescent assays with acridinum ester

conjugated with Concanavalin-A in breast lesions.
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The chemiluminescence, @ process in which excited 2ioms ar melecules trough chemical neaciors release their excess
energy as light, have been the focus of research o bromlen its application in varios felds of biowechnslogy. This sudy
aimid 1o conjugate the acridiniumn ester o antibady (anti-galectind), 10 evaluabe the shelf-life lesting and promate che-
miluminescent immuneessay in fumoral besians of prostate amd thyraid. Our resulls demonstrate the effciency of con-
Jugation of anti-galectim-3 and acridinium ester toa shelf-life with a recovery in 96.51% afler 12 months. By applying
this comjugale in chemilumdnescent immuoncassy oo Gyroid amd prostale tissees, we Foond differential patterns be-

tween the studied lesors and their mormal counterpart.

1. Introduction

Chemiluminescence (CL) i defined as the emisson of
electromegnetic mdiation, usually in the vigble or near
infraved, produced by 2 chemical reactiom. This phe-
nomenan has many applications in analytical chemisicy,
expecially in tbe anea of low injection analysis, column
chromatography amd ligoid separation systems by czpil-
lary electropharesis as well as frramanoessays [ 1.

The ume of CL meactiors has some sdvantages, among
whitch have low detection limats and wide dynamic range
[2]. The application of CL as an mdroment of analysis
depends on the coupling of the substaoce of intersst o
the parlicipants of 2 chemiluminescent reaction or prod-
uct in the excited state. The concentration of e un-
kowvan semple is propartional o the otaEl prodoction of
light emitted or a physical parameter associated with the
luminescence, such as color or polarization of light emit-
Led [3].

Laboratory ests bawd on chemiluminescen? principles
have been developed for measurements requiting high
wemsitivity, for exemple, delermination of cytokines, epi-
dermal prowth fector and vascular endothelial growth
fector. Among the wikle variety of bests are alreasdy
commercially available o those used in the evaluation of
thyroid Tunction, fertility, lomor markers, berapeutic
drug mandloring, hepatitis, specifc prodeins and slerowls
[4].

Chemiluminescent wibstances can be detected in the
range of fentwenodes ar atomales (10 e 10" mid ), with
semsitivity superior % spectrophotometric assays (107 1o

10" mel) and Aearometsic (10”10 107" mal) [5]. Several
arganic compoands exhibil CL ender appropriate coodi-
tionk, among which stand 2t luminad, isalemine], aand-
inium ester or iks derivalives as some of the markers wsed
in chemiluminescen! immunosssys [, 6]

The acridire is a fuomescent compound whose salls can
be stimulated to prodece light in the presence of hydn-
gen peroxide in dilute alkalis in the sheenoe of 8 cazly
|3]. This property is due o the presence of a gusternary
nitragen center and derivatisztion at carban-% which has
a phenyl ester labeled 2 radical. Among the derivatives
of acridine, acrilinium ester received a special mention
by Lhe sasy oxidation with hydrogen peroxide and the
formation of an exciled prodicct  (N-metilacridonal,
which will emil light [7. H].

The scridintum ester (AE) was introduced tn immunoas-
says from the need 1o replace the markers radiosatonic
few thal were becoming popualar because of its short half
lifie, danger 1o bealth amwd potential problems regarding
the waste geoemabed [7]. Since then the chemilumines-
cence of AE has been widely applied in analytical chem-
istry and biochemistry [9].

The low detection Hmits and background dpral (withoe
catalysis), the high quantem yield and easy comjugation
o prideing, allowed tbe use of EA in many competitive
immunoassys, noo-compelilive for the detection of -
veral analyles at sub-picomalar growth hormone, tumar
markers (o-feloprotedn), interleukins, interferoms, anti-
bodies, proinsulin, and apolipoprotein B [10].

Afer several conjogated molecules, the scridiniam ester
has been wsd in the preparation of cyviochemical and his-
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wochemical probes. Like acridiniom ester, ather com-
pourds such 2% luminol and iseluminol are alse wsed as
markers in chemiluminescent immuneessays [4].

This stwly propases 8 combination betaeen the acridin-
ium exter and anti-galectin-3 to build 2 model of cheme-
luminescent immunoassay in tissues for differential oi-
agmass belween plandular tumar lesions.

2. Experimental
Characterization of acridiniom Ester

Acridine derivatives emnit light in the form of Aash ina
chart period of time (3-53 seconds) after shrting the
chemical reaction. The chemical process invalves the zb-
sarption of the chemiluminescence reagents, sufficient
energy for the peoeration of an activabed commplex, which
turns into an electromically excited prodact. The mecha-
nisen has been stodied in detdl by MoCapra (11, 12, 13].
The muost probable mechanisen for the chemilumines-
cence reaction of AE ix ilhstrated in Fig. 1. AE is stable
in acid is rzpidly hydrolyesd under alkzlice cosditions.
In the presence of peroxide amiom (HOO-) andergoes an
AR intermolecular rearmanpement forming the anstable
intermediate diosetatone. This compourd decomposes
rupidly producing MN-metilacridona gaimiluminesce at
A o All imtermediates, excepl the digxetalone, have
been isolated amd characterizesd. MoCapra has alsy pro-
pased other rosles (oee Fig. 1 for allemative moules) that
dar nat imgply the dioxetatons | 13].
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Figure |. Maogt probable mechanizm of acridiniem de-
rivalives amd allernative routes [ 1.
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Acridinium ester conjugation e anti-galectind (AE-
Antilrald)

The scridinium ester (DA AE-NHE! 94 1-53- 2 0nganic
Lab kindly supplied by Dr. H. H. Weelzll) was conju-
galed o the anbibody according o the protocol devel-
aped by Weeks [T]. The antibody, anti-galectin-3 (50{ul
contzining Zmg of protein) was incubeted with [Spl. of
the AE soluiem (2 mg in &Mpl. aof NN-
dimethylformamide) for I b at 25 °C under constant agi-
wtion. The conjugate (AE-AmeGal3) was applisd o a
calumm of Sephadex (3-25 (10 & | om) previoesly eguoili-
braled with 10 mM phosphate buffer in (015 M NaCl
(PR}, pil 7.2 (100ml). Aliguots {1 mi) were callecied
amd the armant of protein determined spectrophodomel-
mically al 2Bnm.

The chemilumirezecence of the simples were measared
by the lominometer Moduls Single Tube S93ERN]]
(Turmer BioSysiems) and the emisgon inleosity was
measured in relative light wnit (BLLD using the following
syslem: 50 pL of sample + 50pl O + 50p]. Mo,
Protein concentration was determined acconding to Lo-
wry [14].

3. Results and discussion
Arridinium ester-Antibody conjugpate

The conjugale was purified by molecular seve chroma-
tography (Sephaden G-35) where support resolved the
sample inly a single protein peak (ABS 28{(om) elused
with PES. We abserved the same protein fractions of a
peak luminescemoe (RLLT), indicating the canjugation of
the AE with antibody (Figure 2), The second peak repre-
sents the lumirescence of free AE that did mat bind fo the
proteine Ten repelitions were performed, obtaining al-
ways the same chrmalographic patlern.

The easy coupling o prolein wsing activabed esters ar ome
idates explain why the chemiluminogemic 2cridinium die-
rivalives have been early proposed for altrasenstive im-
mumoassaysad tyroid stimulating bormone (TS5H), im-
mumniglobulins and nelated compounds [15]. Forthermone,
canjugativn of AE o antibodies amed enzymes has besn
wsed in climical amd bdomedicsl research [4, 16]). AE re-
acts with aming growups of protzins wnder mild conditions,
farming a complex stable and reproductble. The marking
procedure is simple for both proteics, 25 for peptides amd
lorw malecular weight molecales [1].
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Figure 2: Chromatographic profile of the conjugale [ An-
wrGal 3-AE) on a column of Sephadex G-25 (10 x lem).
Elutivn performed with 10 mM phosphate baeffer in 0,15
M NaCl (PBE), pEl 72, Frections {lml samples) were
codlected and absoobance and chemiluminescences meas-
ured.

The conjugate [AE-AntiGall) was placed in polypropyl-
enie st Lwbes and stomed at -10°C, Iis shelf Life was in-
vestigaled by munning the emisson of lumdnescence
(BLLY and wested for stbility according bo different bme
intervals (1, 2, 3,4, 5, 6 months and 17 months Eater).
The resulis demonstrated the stability of the canjugate
compared o various time intervals. It was subjectsd o
chemiluminescent assays where ils percentage of moov-
ery after a pericd of ane year of gomge remadined in the
range of 6515 activily.

Application models

Dwespite all the intermelationships between  performed
immunobigachemistry with antibodies and temeor cells,
therne are few stuifies demonstraling the effectiveness of
the uwe af chemiluminescent immupoassay in the mark-
ing of tisxues with benign and malignan: tumors.

Starting from the combination of acridiniem ester with
anti-pabectin-3, chemiluminescenls immuooasays wene
periommed in Hssues of prostate and thymoid carcinoma in
order 10 test the immumogenicity of the antihody test 1o
their respective lissoe antigens

Tissue samples of progate and thymid were selected,
and after being sshjecisd o routine hisiological conmplete,
glices were oblaimed with Bum of thickress incubated
wilh AT conjugated AnbGal3 and submitted 10 chemi-
luminescen! immunozsssy as described in Figure 3
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Figure 3. Representation of the steps used in the chemi-
luminescent immumnsssay wilh AE-AntiCald in tisses.

Was standardized an average prodate Gssue anca (1H
cm’) and thyraid (2.5 cm'), and the concentration of con-
jugate (100 pg § ml). After the chemiluminescent immou-
maassay, which oocurred 28 approsimaiely L35 min {in-
cubalivn + measurement), il was possble to quantify the
presence of galectin-3 in the lesiors stodied by phaton
emissin, expressed as relative light umils (RLU} during
the breaking the link between the antibody aml the ester
(Tahle 1).

Tabde 1. Comparative profile of chemilominescent im-
munsessay for anti-galectin-2 in twmor lesions of the
thyraid and prostate.
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Thess mesults cormaborate thase reporied in the literatune
with respect o conventional fmmuznohistiocheomigry,
where is abserved an increaded presence of galectin in
papillary thyroid carciooma [17, 18] and a decreass of
this gxpressicn in prostatic carcinoma [ 19, 2],

This evidence find that the chemiluminescenl immunoas-
say lechmigue has a high sensibivily and specifeity
stimalating inveslipations on the use of antibodies con-
jugated o chemilominescent markers for the dizgnesis of
neaplasms.

4, Conclusion

In conehasion, the combination of acridinium ester o an-
tibody (AE-Amtifiald) proved 1o be a simple procedun:
and can be casly repeated.

From these data could be observed that 1be combination
af AE-AntiCiald can be stored for an average period of
12 months, maintzining pood capscity 10 geremate chemi-
luminescent reactians.

Or tlesis in ledgons af the prostate amd thyroid Lomors
showed that the lissue analvsis using chemilaminescent
immunomssry wilh specific markers, may be a valsble
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Lok, wsed in asseciation with athers procediments, in the
thifferential dispnasis of wmors.

These mesults demorstrle the stability of the conjugate
studied, and mfids 10 if, prospects ax megands ils wse in e
manufacture of diagnostic kitk, for me in e disgnasis of
Lamr lexions.

Aradjo-Filha, J1L.5
Biologist with master's degree in pathology, PhD. in
baalagical sciences (biolechmalogy).
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Figure 1. Most probable mechanism of acriginium geriv-atives and albermakive routes [ 10].
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' Hospital Universitdrio Osvaldo Cruz, HUOC/UPE, Recife, Brazil

Abstract

BACKGROUND. Galectin-3 ((Gal3) is involved in immune svstemn and cancer.
Immunchistochemical methods to detect it and based on gualitative analysis present
disparity and vanability depending on the observers. This contribution proposes a
chemiluminescent quantitative methosd.

METHODS. Monoclonal antibody anti-Gal3 was conjugated to acridinium ester (AE)
and the complex formed with Gal3 in the prostate tisswe was chemiluminescently
detected.

RESULTS. The light emission {expressed in Relative Light Unit — RLU) showed mean
values higher for benign prostetic hyperplasia (1.38 x 10" = 67,7949 than for normal
tissues (1.083 x 10° = HB1,044) and adenocarcinoma (214,234 £ Z22,172) These values
showed to be statistically significant {p=2(0.001 ). There was a linear relationship between
KL and tissue area. Furthermore, these values were dramatically reduced when the
tissue samples were previcusly incubated with non labeled ant-0al3. Finally, the anti-
Gal3-AE solution in buffer stored at 4°C and the tested samples with the same solution
showed to be stable during twelve months and at least 72 h, respectively.
CONCLUSIONS. The CGal? expression in prosiate Hssue was benign  prostatic
hyperplasia>normal>adenocarcinoma. This quantitative, specific and sensitive method
based on labeling antibody to acndinium ester can be applied o detect antigen in bssue.

Key words: chemiluminescence, galectin-3, prostate tissue, acridinium ester.
INTRODUCTION

Galectins, a family of [-galactoside binding lectins, are multifunctional proteins
involved in a vanety of biological processes such s prowth development, immune
functions, apopiosis, and cancer metastasis [1]. The galectins have been widely used as
tools o describe immunchistochemical changes in the tmor cell surface where these
changes are associgted wiath tumor cell growth by inducing apoptosis or metastasis [2].
Cralectin-3 (C3al3) is one of the best studied galectins with many proposed functions in
the immune system and cancer [3]. It is a small molecular weight (about 30 kDa)
protein that 15 expressed in many types of human cells, in particular epithelial and
immune cells [4]. PSA has been reported to regulate Gal3 in human semen and may
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regulate Gal? funchion during prostate cancer progression [5]. They presented evidenoes
that P5A = a chymotrypsin-like serine protease secreted by the prostatic epithelium and
normally functions in liquefaction of semen following ejaculation. Furthermore, PSA 15
implicated in the promotion of localized prostate tumors and bone metastases by its
roles in immunomodulation, invasion, and apoptosis. Preliminary evaluation indicated
that Crald is highly expressed in normal but not in malignant cells [6].

In prostate cancer, histopathological analvsis has a great clinical relevance. However,
immunohisiochemical methods gualitatively analyzed have often shown great dispanty
and wvarighility of results among different observers. Thus, in order to provide a
numerical scale and reproducible patterns of marking Gssee, increasing sensitivity and
guality control analysis, it has been increasingly technological refinements uwsing
sutomated morphometric methods [7]. Another approach could be the use of
chemiluminescent procedure. The chemiluminescence, a process in which excited atoms
or molecules through chemical reactions release their excess energy 2s light has been
the focus of research to broaden its application in various areas including in
Immunoassiys [4].

The aim of this study was o identify the Gald in normal, benign hyperplasia and
adenocarcinomea prostate tissues by vsing a specific antibody labeled to acridinium ester
(ABE) Afterwards the antigen-antibody complex was revealed by chemilurminescence
that is capable to detect in the range of fentomoles or atomoles {ILII"" to 107" mol) [H].
Audditionally, {Gal3d was evaluated in these prostate tissues by immunchistological
staiming wsing antibody conjugated to peroxidase and digital image analysis as
COIMIPEriSon.

MATERIALS AND METHODS

Human prostate specimens. Formalin-fixed and  paraffin-embedded  benign
hyperplasia (15); adenocarcinoma {15) and normal (15) prostate tssues were obtained
from the archives of the Clinical Hospital of the Federal University of Pernambuco,
Brazil. These diggnostics were established by one of the authors (CABL). The Gleason
histological prade ranged from 5 to 9, with the mean of 6.7 and median of 6. Clinical
staging was defined according to the American Joint Committee on Cancer
classification [ 10] and histological grade according to Cleason score [11]. Patients” ages
vared from 45 to B0 years old.

Anti-Gald antibody conjupation with scridinfom ester. Acridinivm  ester was
conjugated to anti-Cral3 antibody (Diagnostic Bwsystems: clone %C4) according to
Weeks et al. [12]. Briefly, ant-Gal? (500 pl containing 2 mg of protein) was incubated
with 15 pl of acndiniom ester solution (0.2 mg diluted in 400 pl of NN-
dimethylformamide) for 1 h at 25°C. The conjugate (ant-Gal3-acridinium ester) was
gpplied to a column of Sephadex G-25 (10 x 1 cm), previowsly eguilibrated with 10 mM
phosphate buffer, pH 7.2 {100 ml) and eluted with this buffer. Aliquots {1 ml) were
collected and their protein content was spectrophotometrically determined at 250 nm
and  chemiluminescence  assayed. The  aliguots  containing  protein and
chemiluminescence were pooled, dialyzed overnight against 10 mM phosphate buffer,
pH 7.2, and kept at -10°C until use.
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Chemiluminescent immunoassay., Paraffin sections (8 um) of samples were cut,
transferred to glass slides, deparaffinized in xylene (1% for 5 min and 10 dips in 4
successive containers with xyvlene) and hydruted in graded aloohols (3 2 100% and 1 x
70% - 10 dips each). Afterwards tissue slices were incubated with anti-gal3-AE (100 ul
- 100 mg mL ") for 2 h at 4 *C, followed by washings (2 x 5 min) with 5 mL of 10 mM
phosphate buffer, containing 0.15 M NaCl (PBS), pH 7.2. Then the tssues were
transferred to polypropyvlens test wbes with a volume of 50 ul. of PBS. Finally,
solutions of (L5% Haelk in 001 5 HMNOs (50 pl) and 0025 M NaOH (50 pl) were added
for chemiluminescent measurement wsing a lominometer Modulos Single Tube 9200-
O1 (Tumer Biokystems, 75A). The emission intensity was determined as relative light
units (RLU) with a counting time of 5 seconds per sample. Triplicate measurements
wiere carmied out throughout in this study, Ang-Gal3-AE binding inhibition assays were
accomplished by incubating the tissues with non labeled Anti-Crald (100 pl. - 100 mg
mL ) for 2 h at 4 “C prior to its incubation with anti-Gal3-AE. Following sieps were as
described previously for the binding protocol.

Immunochistochemical staining. The immunoreactivity of anti-Gal3 conjugated to
peroxidase (Sigma, USA) was established according to the protocol proposed by Hsu et
al. [13]. Briefly, the tissues were cut (4 pm), transferred o glass slides and
deparaffinized as described sbove. The sections were incubated with citrate buffer at
100 *C for 30 min under water vapor, washed (5 min) with PBS and incubated with
Iyophilized bovine serum (to avoid cross-reactions), then incubated with HaCr for 5 min
and washed with PBS, incubated with 4 solution containing monoclonal antibody anti-
Gal3  ({at 1:50 dilution) for 1 h at 25°C. The prostate tisspes were incubated with
biotinylated secondary antibody (DAKO LSAB Kit, USA). The revelation of the
antibody was obtained by reaction of peroxidase visualized by incubating the tissues in
g solution containing the substrate (diaminobenzidine - DAB plus Ha(n) The sections
were counter stained with hematoxylin and examined wunder a light microscope
(Clympus BH-Z, Japan).

Dvigital image analysis. Slices images (magnification 100x) were captured using a
digital video-camera (Sony, Japan) connected to 2 microscope and processed wsing
OPTIMAS™ spftware version 6.1 (Optimas Corporation, USA). Antibody stzining
patterns revealed by DAB-peroxidase reaction were obtained m gray wvalue. Image
anilysis of Gald positive cells was carned ocut adjusting the equipment to consider
positive vigble cells only those presenfing nucleus and wisible stmiming. A cormection
factor (CF) was used to minimize distortions in values due to the presence of non-
stained cells, according to the equation CF=s/5 where s means relative surface area and
& the total area measured |14). Analvses of the number of cells per area (12,234 |.L]'I!'l'1}
were developed in three random areas of stained tumor tissues.

Statistical analysis. The software OrginPro 8 (Originlab Corporation, One
FEoundhouse  Plaza, Northampion, MaA  OI060 USA)  was uwsed for  the
chemiluminescence data processing {expressed as mean * standard deviation) and
statistical analysis (Mann-Whitney U-test and Student t-test; p=<{1.035].
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RESULTS

Here, AE was conjugated o the anti-Cral3 anticody and wsed o identify the Gal3 m
prostate tissues. Figure 1 shows the RLU mean values obtzined for normal (1.083 x 10°
+ Hlid4 RLU), benign prostatic hyperplasiz (138 x 10° + 67799 RLLUG and
adenocarcinoma (214,254 £ 22 172 RLL. These mean values showed to be statistically
significant {p<th001). Furthermore, these valuwes were dramatically reduced when the
tissue samples were previously incubated with non labeled anti-Cral3 antibody yvielding
values of V61T £ 4,496 RLU; BE37 2 969 BRLU and 5,687 £ 1,011 ELU, respectively.
The anti-Gal3-AE solution in buffer stored at -10°C showed to be stable during a year
presenting (50 pl) chemiluminescence of 16,804 400 £ 431,263 (2.6%). Furthermore,
the tissue samples treated with the anti-Gal3-AE were also stable for 72 h at least
vielding RLU valoes of 1087250 + 39728 (&%) 1,310,200 £ 400035 (3.0%) and
211,059 £ 12977 (6%) for the normal, hyperplasia benign prostatc and prosiatic
adenocarcinoma samples, respectively.

The immunchistochemical staining studies demonstrated significant differences in the
patterns of Crald expression in the Gssues (Table 1) Bemign prostatic hyperplasia
prescnted higher average stained arca (8546 = 497 um”) than the prostatic
adenocarcinoma cells (1185 £ 21.8 pm’) and normal prostate (2429 £ 246 pm’).
These results corroborate the chemiluminescence data.

DISCUSSION

In our lab, the use of chemiluminescence has been used to reveal the glycocode of
mammary tsspes [15]. Concanavalin A was labeled to AB and vsed to treat bopsies of
normal and infiltrating duct carcinoma of mammary tissues. Photon emission, observed
during the breakage of the chemical bound between lectin and AE, was guantified,
cxpressed in LU and correlated to the labeling of the normal and transtformed tissoes.
RLL valves were much higher for the infilirating dwct carcinoma than the normal tssee
{about 50K times higherl The resulis also demonstruted that RLU presented a hinear
relationship with the lameled tissue wrea. The antibody anti-galectin-3 was also
immobilized onto polysiloxane—polyvinyl alcohol semi-interpenetrated network and the
gntibody-matrix was capable to capture the serum antigen galectin-3 [16]. ELISA
procedure was set up to guantity the Gald levels in sera from patients with prostatic
gdenocarcinoma and benign prostatic hyperplasia and healthy individoals., This report
descnibes optical density (CGal3 level) values lower for the sera from patients compared
with those found for the healthy individuals, Also, for comparative effect, the Gal3
cxpression in the prostate tissue through immunchistochemistry was evaluated, C(al3
showed a significant increase and reduction of the cytoplasmatic protein expression in
benign prostatic hyperplasia and prostatic adenpocarcinoma, respectively, compared with
the normal prostate.

Cualitative and guantitative changes in the glycoprotein components of cell membranes
are highly significant in the development and progression of many neoplasic processes
[17]. In cancer cells the increased expression of surface carbohydrates has been widely
documented by histochemistry and immunohistochemistry [18]. The galecting, in
partcular, are being tested as sensitive tools, stable and easy o wse to distinguish
transtformed cells and non-transformed [19-22].
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Cralectins are found in many cell types and tissoues, and varous functions are descobed
to them. The galectins have received increasing scientific attention due to iis varous
functions, not only in biochemistry, but also in medicine with possible pharmacological
activity. Among the most extensively studied galectins are Cral3, a protein with diverse
biclogical roles [23].

About functional properties of galectin-3, described so far, it is clear that this galectin
has several roles in the pathogenesis of cancer, proliferation and dissemination of
metastases. In addition, changes were found not only in the expression of galectin-2 but
al=o in their intracellular distnbution in ceriain tvpes of cancers [ 24, 25].

Cur results are consistent with those described in the literature on prostate cancer,
showing a reduced expression of galectin-3 occurs as the discase progresses |23, 26).
And conversely, a higher expression of this protein in tissue fragments of normal when
compared to the malignant counterpart [6].

Several evidence have demonstrated the great importance of interactions between
cancer cells and residual carbohydrates during cancer progression [19], sugpesting the
existence of a large number of molecules involved in this biological event.

In the present study the analysis based on immunochistochemical staining identified
expression of (Gal3 more intense in cases of benign prostatic hyperplasia and normal
tissue comparsd to the prostatic adenocarcinoma. This finding corroborates previous
reports [&, 19].

From the results above one can conclude that there was a statistically significant
reduction in tissue expression of Gal3 in prostatic adenocarcinoma cells compared to
normzl tssue. Benlgn prostatic hyperplasia showed o significant increase in cellular
expression of Gal3 when compared with the counterpart malignant and normal tissue.
Furthermore, there was a linear relationship between the (;al3 chemiluminescent
detection and tissue area in all examined prostate samples. The anti-Cal3-AE conjugate
gnd the treated samples showed o be stables for one vear and 72 h, respectively. Thus
the antibodies conjugated to acndinium ester can be wsed a5 tool to gquantfy the
changes, minimizing the subjectivity of the analysis. This method demonstrated that
imunochemiluminescence can be value in fissue analysis, showing high sensitivity and
perspective of application in early diagnosis due to its detection at the molecular level.

Acknowledgments

The authors would like to thank CNPg for financial support (4768%96/2008-8 and
ATTA1272010-6) scholarships to the authors JLSAF and LBCI.

References

I. Lin FI, ERabinovich GA. Galectins: regulators of acute and chronic
inflammation. Ann N Y Acad S5ci 2000;1 183 158- 182,

2. Dumic J, Dabelic 5, Flogel M. (alectin-3: an open-ended story. Biochim
Biophys Acta 20006;1760:616-635.

3. malomonsson E, Carlsson MO, Osla WV, Hendus-Altenburger B, Kahl-Knuison B,
Chherg OT, Sundin A, MNilsson B, Nordberg-Earlsson E, Nilsson Ul
Karlsson A, ERini JM, Leffler H. Mutational tuning of galectin-3
specificity and biological function. J Biol Chem 2010;2E5:35079-350/41.

ScholarOne, 375 Greanbrier Drive, Charlottesville, VA, 22901



[ e I & E SR Y 5 e

SHEEUR RS

.

L18

1.

12

L3

4.

L5,

L6

7.

The Prostate

Yu LG Circulating galectin-3 in the bleodstream: An emerging promoter of
cancer metastasis. World J Gastrointest Cincol 20002 177-180.,

Saraswail 5, Block A5, Davidson ME, Fank BG, Mahadevan M, Dickman AB.
Cralectin-3 is a substrate for prostate specific antigen (PSA) in human
semingl plasma. Prostate 200 1;71:1497-204.

Ahmed H, Banerjee PP, Vasta GF. Dafferential expression of galectins in
normal, benign and malignant prostate epithelal cells: silencing of
galectin-3 expression in prostate cancer by its promofer methvlation,
Biochem Biophys Res Commun 2007;358:241-246.

Fashbass 1. The impact of information technology on  histopathology.
Hizstopathology 2000536:1-7.

. Zhao L, Sun L, Chu X. Chemiluminescence immunoassay, 1AL Trends in

Analytical Chemistry 2008, 28:404-415.

Campbell AR, Hallest MB, Weeks [ Chemiluominescence as an analytical tool in
cell biclogy and medicine. Methods Biochem Anal 19E5.531:317-416.

Beahrs OH, Henson DE, Hutter RVP, Kennedy BE. Manual for Staging of
CCancer Philadelphia: Lippincott Williams & Wilkins; 1992,

Gleason DF. Histologic grading of prostate cancer: a perspective. Hum Pathol
1992 23:273-27Y.

Weeks 1, Sturgess M, Brown RO, Woodhead J5. Immuonoassays  using
acridinium esters. Methods Enzymol 1966;133:366-387.

Hsu 5M, Rainme L, Fanger H. Use of avidin-biotin-peroxidase complex (ABC) in
immunoperoxidase  technigues: a2 comparson  between ABC  and
unlabeled antibody (PAP)  procedures. 1 Histochem  Cyiochem
19E1;29:577-580.

Ven Hemmel JH, Musen MA. Biosmatistical Methods. Handbook of Medical
Informatics. Springer-Yelag ; 1997, p 387-397,

Campos LM, Cavalcanti CL, Limae-Filho JL, Carvalho LB, Beltrao EL
Acridinium  esier conjugated o lectin a5 chemiluminescent
histochemistry marker. Biomarkers 20006;11:480-454.

Melo-Junior ME, Amujo-Filho JL, Lins CA, de Pontes-Filho NT, de Carvalho
LBI. Immaobilization of anti-galectin-2 onto polysiloxane-polyvinyl
glochol disks for tumor prostatc discases diagnosis. Appl Bicchem
Biotechnol 2010 160:2196-2207.

Bao L, Hague A, Jaeckson K, Hazar 5, Momz K, Jedy B, Dash 5. Increased
Expression of P-Glvcoprotein s Associated  with  Doxombicin
Chemoresistance in the Metastatic 4T1 Breast Cancer Model, Am ]
Puthol 2011;175:838-E52.

ScholarOne, 375 Greanbrier Drive, Charlottesville, YA, 22901

Page & of



Page 7 of 11

e oeE =) M oLh B G Ry

R

L 5.

1.

21.

2.

25,

24,

25,

26.

The Prostata

Eim M5, Kwon 5, Kim T, Lee BES, Park JE. Quantitative proieomic profiling of
breast cancers using a muliiplexed microfluidic platform  for

immunohistochemisiry . and  immunocyvtochemistry. Biomaterials
201 1;32:1396- 1405,

vin den Brule FA, Waltregny I, Lin FT, Castronovo V. Alteration of the
cytoplasmic/muclear expression pattern of pgalectin-3 correlates with
prostate carcinoma progression. Int J Cancer 2000;8%: 36 1-367.

. Califice 5, Castronovo ¥V, van den Brule F. Galectin-3 and cancer (Review). Int

J Omcol 2004;25:983-992

Califice 5, Castronove V, Bracke M, van den Brule F. Dual activities of
galectin-3 in human prostate cancer: wmor suppression of nuoclear
galectin-3 vs tumor promotion of cytoplasmic galectin-3. Oncogene
200:4:23:7527-T536.

vin den Brule F, Califice 5, Castronove V. Expression of galectins in cancer: a
critical review. Glycocon] J 2004; 19 537-542.

Wang Y, Nanma-Mokker P, Tait L, Balan ¥V, Hogan ¥, Pienta KIJ, Raz A,
Regulation of prostate cancer progression by galectin-3. Am ] Pathol
200 174:1515-1525.

Stannard KA, Collins PM, Ito B, Sullivan EM, Scott 5A, CGabutero E, Darren C,
l, Low P, Nilsson UJ, Leffler H, Blanchard H, Ralph 5J. Galectin
inhibitory disacchandes promoie tumour immunity in a8 breast cancer
moxdel. Cancer Lett 2000 2949:95-110.

Erzeminski M, Singh T, Andre 5, Lensch M, Wu AM, Bonvin AM, Gabius HIL
Human galectin-3 (Mac-2 antigen): defining molecular swiiches of
affinity to natural glyvcoproteins, structural and dvnamic aspects of
glycan binding by flexible ligand docking and puotative regulatory
sequences in the proximal promoder region. Hiochim Biophys Acta
2011 181:150-161.

Elleshorst J, Nguyen T, Cooper DN, Lotan [, Lotan R. Differential expression
of endogenous galectin-1 and galectin-3 in human prostate cancer cell
lines and effects of overexpressing galectin-1 on cell phenotype. Int J
Oncol 1999;14:217-224,

ScholarOne, 375 Greanbrier Drive, Charlottesville, YA, 22901



w0 wf i oh B G R —-

A

The Prostate

Figure lepends.

Figure 1. The light emission (RLU) from normal, benign prostatic hvperplasia (BPH)
and Prostatic adenocarcinoma (PA) tissues (n=15 and triplicates). The inhibited
columns were obtained by incubating the tissues with non-labeled antibody previous to
anti-Cral3-AE incubation. The statistical analvses showed significance between the
mizan valoes (pelL 001},

Figure 2. Relationship between RLU and the tissue area of benign prostatic hyperplasia
i), mormal tissue {#) and adenocarcinoma (m).
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3. Hospital Oswaldo Cruz, HUOC/UPE, Recife, Brazil;

4. Departamento de Bioquimica, CCB/UFPE, Recife, Brazil.

Abstract

Galectin-3 has been targeted for researches as specific molecule capable to differentiating
benign between malignant lesions that combined with quantitative techniques in order to
eliminate the subjectivity of the evaluator, has an important role in more accurate
diagnosis. In addition, chemiluminescent assays have also been subject of research. From
this, this study was conjugated antibody anti-galectin-3 to acridinium ester for
chemiluminescent immunoassay to compare the results obtained with conventional
immunohistochemistry. We selected paraffin blocks containing tissues of the thyroid:
normal (10), follicular adenoma (9), follicular carcinoma (9) and papillary carcinoma
(10), and tested to immunohistochemistry and chemiluminescent immunoassay. The
results of chemiluminescent immunoassay showed mean values of light emission
(expressed in Relative Light Unit — RLU) higher for papillary carcinoma (911.092 +
16.350 RLU) than for follicular carcinoma (480.541 + 181.700 RLU), follicular adenoma
(115.249 + 12.321 RLU) and normal thyroid (77.056 &+ 7.091 RLU). These values showed
to be statistically significant (p<0.001). Finally, the anti-Gal3-AE solution in buffer stored
at 4°C showed to be stable during twelve months. Such findings demonstrate that the
chemiluminescent immunoassay show promise in quantifying performed stained by
specific markers and can become an important technique in evaluating antigenic in small
tissue samples. Thus, we conclude that the chemiluminescent immunoassay can help to

differentiate malignant papillary lesions of the thyroid, is a viable complementary tool.

Keywords: thyroid, chemiluminescent immunoassay, galectin-3
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INTRODUCTION

Palpable thyroid nodules are present in 4% to 7% of the adult population;
however, an important fraction of these lesions represents cancer (Hegedus, 2004).

Thyroid cancer is the most common malignancy of the endocrine glands, it is
presented as unique nodules in the parenchyma, in most cases (Guarino et al., 2010).
Thyroid carcinomas are classified by clinical and histological parameters and include the
subtypes: papillary, follicular, medullar and undifferentiated (Segev et al., 2003).

Studies are being conducted at the molecular level, like genomics, transcriptomics
and proteomics in benign and malignant follicular nodules of thyroid that may provide
new diagnostic methods in the future (Durand et al., 2008).

The most widely used technique for the diagnosis of thyroid lesions is fine needle
aspiration biopsy, but like all diagnostic method also has limitations due to the profiles
and some biomarkers used in routine are unable to promote the distinction between
hyperplasia, follicular adenoma and follicular carcinoma. Thus, specific markers have
been investigated as adjuvant tool in this investigation (Bartolazzi et al., 2008).

Among the potential markers for thyroid lesions lists galectin-3 (Gal-3), which is a
protein of the growing family of animal lectins with affinity for B-galactoside (Arglieso &
Panjwani, 2011). The expression of Gal-3 was associated with cancer in several tissues
(Aragjo-Filho et al., 2006; Melo-Junior et al., 2010). Previous studies indicated that a
high expression of this protein is observed in tumors, suggesting the use of immune
detection of Gal-3 as a potential marker of malignancy in thyroid neoplasms (Bartolazzi
et al., 2008; Inohara et al., 2008).

Besides some markers associated to sensitive techniques have been researched,
such as chemiluminescence, a process in which excited atoms or molecules through
chemical reactions release their excess energy as light (Garcia-Campana et al., 2003),
have been the focus of research to broaden its application in different biotechnology areas
(Adamezyk et al., 2001).

Chemiluminescent methods have several benefits, including: limit of ultrasensitive
detection, rapid testing and a wide range of analytical applications, no harm to the
environment and specificity (Kricka, 2003).

Chemiluminescent immunoassays require light-emitting elements such as luminol,
isoluminol or acridine which is a fluorescent compound whose can be stimulated to

produce light in the presence of hydrogen peroxide (King et al. 2007). Among the
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derivatives of acridine, the acridinium ester (AE) received a special mention by the easy
oxidation with hydrogen peroxide and formation of an excited product (N-metilacridona),
which emits light (Weeks et al., 1983, Yang et al., 2002).

After conjugated to various biomarkers, the AE can be employed in the
preparation of cyto and histochemical probes for making a variety of tests, as some
already available commercially used in the evaluation of thyroid function, fertility, tumor
markers, monitoring therapeutic drugs, hepatitis, specific proteins and steroids (Kricka,
2003).

Based on these data, the study has standardized a protocol for detection of Gal-3
from thyroid tissue based on antibody conjugated to AE by performing tests
chemiluminescent immunoassay and comparing them to the results with conventional

immunohistochemistry.

MATERIALS AND METHODS

Tissue specimens

Paraffin blocks of thyroid tissue biopsies were obtained from patients (both sexes) with
adenoma (n=9), carcinoma folicular (n=9) e carcinoma papilar (n=10) and healthy
individuals (n=10) at a private laboratory (Recife, Brazil). Patients’ ages varied from 45
to 70 year-old, with the mean of 57.5. This work was submitted and approved by the

research ethics committee.

Anti-gal3 antibody conjugation with AE

AE was conjugated to anti-Gal-3 antibody (Diagnostic Biosystems: clone 9C4) according
to Weeks et al. (1986). Briefly, anti-gal3 (500 pl containing 2 mg of protein) was
incubated with 15 pl of AE solution (0.2 mg diluted in 400 pl of N,N-
dimethylformamide) for 1 h at 25°C. The conjugate (anti-gal3-AE) was applied to a
column of Sephadex G-25 (10 x 1 cm), previously equilibrated with 10 mM phosphate
buffer, pH 7.2 (100 ml) and eluted with this buffer. Aliquots (1 mL) were collected and
their protein content was spectrophotometrically determined at 280 nm. The aliquots
corresponding to the protein peak had their chemiluminescence assayed, pooled, dialyzed

overnight against 10 mM phosphate buffer, pH 7.2, and kept at 10 °C until use.
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Chemiluminescent immunoassay

Paraffin sections (8 wm) of thyroid samples were cut, transferred to glass slides,
deparaffinized in xylene (1% for 5 min and 10 dips in 4 successive containers with xylene)
and hydrated in graded alcohols (3 x 100% and 1 x 70% - 10 dips each). Afterwards
tissue slices were incubated with anti-galectin3-AE (100 puL - 100 mg mL™") for 2 h at 4
°C, followed by washings (2 x 5 minutes) with 5 mL of 10 mM phosphate buffer,
containing 0.15 M NaCl (PBS), pH 7.2. Then the tissues were transferred to
polypropylene test tubes with a volume of 50 uL of PBS. Finally, solutions of 0.5% H>0,
in 0.1 N HNOs (50 pl) and 0.25 M NaOH (50 pl) were added for chemiluminescent
measurement using a luminometer Modulus Single Tube 9200-001 (Turner BioSystems,
USA). The emission intensity was determined as relative light units (RLU) with a
counting time of five seconds per sample. Triplicate measurements were carried out
throughout in all samples tested. The conjugate anti-galectin-3-acridinium ester (Anti-
Gal3-AE) binding inhibition assays were accomplished by incubating the tissues with non
labeled Anti-gal3 (100 pL - 100 mg mL™) for 2 h at 4 °C prior to its incubation with anti-
gal3-AE.

Immunohistological staining

Tissue sections 4 um thick were deparaffinized in xylene and rehydrated in a graded
ethanol series. Sections were treated with 0.3% methanol containing 0.5 mL H,0O, for 30
min. Following extensive rinsing in 0.1 M phosphate buffer, pH 6.0, containing NaCl 1 M
(PBS), normal goat serum (diluted 1:20) was added to the section for 30 min. Anti-Gal-3
antibody (1:50 — Novocastra, Norwell MA, USA) was used according to Jakubiak-
Wielganowicz and co-workers (2003). Streptavidine-biotine-peroxidase kit (DAKO,
USA) was applied for antigen detection and diaminobenzidine solution was used for

visualization. In control sections, PBS replaced antibody solution.

Statistical analysis
The software OriginPro 8 (OriginLab Corporation, One Roundhouse Plaza, Northampton,
MA 01060 USA) was used for the statistical analysis and data were expressed as mean +

standard deviation (s.d.).
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RESULTS AND DISCUSSION

Immunohistochemistry

Even after the histopathological analysis is not always possible to differentiate
follicular carcinoma from adenoma (Sherman, 2003). As a consequence, most patients
with these lesions are referred for surgery. According to Jogai and co-workers (2004),
immunohistochemistry plays an important role in the diagnosis of various thyroid lesions,
and some authors list Gal-3 as a good marker for malignant lesions, but also present
positivity in normal cells (Coli et al., 2002).

There are no perfect diagnostic tests, without false positives or false negatives
results. Thus, in interpreting the test results, the analyst is faced with uncertainty about the
state of the lesion. When it comes to cancer research, diagnosis wrong decisions can have
disastrous consequences for the patient (Giard & Hermans, 1996).

In our study, the results presented in Table 1 show that there was no
immunostaining in any of the cases of normal thyroid. Cases of adenoma, 22.25% had
moderate, 22.25% had weak immunostaining intensity and 55.5% absent staining (Figure
1A). Among the samples of follicular carcinoma 55.5% had positive staining with
moderate intensity staining (22.2%) and weak (33.3%) while 44.5% had absent markings
(Figure 2).

Numerous studies have shown that Gal-3 has a weak or absent expression in
normal tissue and benign lesions, suggesting an involvement of Gal-3 in tumor
progression (Bartolazzi et al. 2008; Savin et al., 2008) and that data confirmed by this
study.

Tabela 1: Qualitative analysis of the intensity of staining for Gal-3 in thyroid tissues by

immunohistochemistry.

. Number Staining level*
Histopathology patients ] N iy s
Normal 10 10 0 0 0
Follicular adenoma 9 5 2 2 0
Papillary carcinoma 10 0 0 2 8
Follicular carcinoma 9 4 3 2 0

* _ absent, + weak, ++ moderate, +++ intense
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All cases of papillary carcinoma were positive for Gal-3 also had a higher
cytoplasmatic expression, with little nuclear staining (Figure 1A). Early studies, also
observed a high expression of Gal-3 in papillary carcinoma, characterizing it as one that
presents less difficulty in their cytological diagnosis (Coli et al., 2002; Inohara et al.,
2008).

Figure 1. Immunohistochemical profile of galectin-3 protein in the thyroid lesions. A) weak
tissue expression in the adenoma. (Magnification, 200x); B) Intense reactivity into papilar
carcinoma.

Figure 2. Positive imunostain for galectin-3 protein in the thyroid follicular carcinoma.
On the other hand, there is not tissue staining in normal thyroid (small figure)
(Magnification, 200x).
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The results of the follicular carcinoma showed that 44.45% of the sample showed
no immunostaining, 33.35% showed weak and 22.20% moderate reactivity. On cases that
presented immunostaining were probably false positives.

Regarding the staining of galectin-3 in cases of adenoma, Bartolazzi and co-
workers (2001) presented the hypothesis that follicular adenomas with expression of
galectin-3 are actually represented by malignantly transformed cells, in which the
capsular invasion and / or vascular damage has not occurred. These lesions are likely to
be a malignancy in its earliest stage, or a potentially malignant lesion, but data from this
study do not help elucidate this hypothesis.

A fine needle aspiration biopsy of thyroid is the most used test in the evaluation of
thyroid nodules, but there are borderline cases that can not be defined cytologically as
malignant or benign. Before that, thyroidectomy is performed, not by a therapeutic action,
but for the diagnosis. With this most suspicious nodules are operated, and after
histopathological examination is performed, more than two-thirds are classified as benign
(Dean & Gharib, 2008).

Despite having high sensitivity and specificity, the expression of Gal-3 in some
cases may not occur as expected, or as in cases of follicular adenoma it is observed
without the lesion being malignant. So the research for other markers to be used in
conjunction with the Gal-3 may increase the diagnostic accuracy.

However, considering that not exist immunohistochemical staining specific
markers for malignancy of thyroid, it is advisable to use Gal-3 on a panel, always
associated to morphological characteristics, combined with the expression of each marker
(Matos et al., 2005). Still, there are cases of morphological and immunohistochemical
evaluation difficult, necessitating the other helper methods that provide sensitive and

quantitative data in order to minimize the subjectivity of the analyst.

Chemiluminescent immunoassay

Among the current diagnostic techniques, chemiluminescent assays have been

optimized for laboratory tests that require a high sensitivity as well as for protein

determination (Xiao et al., 2010).
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In our laboratory using chemiluminescent compounds exhibit chemiluminescence
in appropriate conditions, such as AE was used in conjunction with anti-Gal-3 for
chemiluminescent immunoassay. Earlier the combination of tumor markers specific to the
AE was held, and chemiluminescent assays with lectins have been tested previously in
tissues (Campos et al., 2006).

The acridine ester was conjugated to anti-galectin-3, and its shelf life test has
shown its stability at different time intervals, totaling 12 months, and maintained activity
in the range of 96.51%.

Once purified, the conjugate was incubated with tissue containing tumor lesions of
the thyroid and chemiluminescent tests was performed to evaluate the suitability of this
technique as a diagnostic tool, and its ability to distinguish between benign and malignant
thyroid tumors.

The expression of Gal-3 was quantified by chemiluminescent immunoassay in
tissues of 28 patients with lesions of the thyroid: follicular adenoma (115.249 + 12.321
RLU), papillary carcinoma (911.092 + 16.350 RLU) and follicular carcinoma (480.541 +
181.700 RLU), and 10 patients with normal thyroid (77.056 = 7.091 RLU) were
compared with results of conventional immunohistochemistry and the results are shown
in Figure 3. Furthermore, these values were dramatically reduced when the tissue samples

were previously incubated with non labeled anti-Gal3 antibody.
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Figure 3. Chemiluminescent immunoassay in normal tissue of the thyroid (n=10),
adenoma (n=9), follicular carcinoma (n=9) and papillary carcinoma (n=10) incubated
with the conjugate AE-Gal-3. Data of relative light unit (RLU) obtained in triplicate
tissue.

Chemiluminescent immunoassay, tissues in the normal from thyroid showed a low
expression of Gal-3, since its presence in papillary carcinoma was significantly higher
when compared with other thyroid lesions analyzed.

There is a wide standard deviation in RLU in the samples of follicular carcinoma
(37,89%), complicating the establishment of Gal-3 immunoexpression pattern in this
lesion. This finding are consistent with the reported findings, which show a variation in
the pattern of expression of Gal-3 in cases of follicular carcinoma, makes the diagnosis
difficult in this type of lesion (Torregrossa et al., 2007).

In conclusion, the technique developed to perform chemiluminescent
immunoassay in tissues using specific markers conjugated to AE allowing a quantitative
analysis of Gal-3 was successful. Immunostaining by AE conjugated to anti-Gal-3
behaved as a marker of malignancy in thyroid tumors with a clear expression of

preference for malignant cases of papillary carcinoma may be useful for definitive
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diagnosis of this lesion independent of cell morphology, and complements conventional

immunohistochemistry.
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8. CONCLUSOES

A partir dos resultados obtidos, podemos concluir que:

> A conjugacdo do éster de acridina ao anticorpo (EA-AntiGal3)
demonstrou ser um procedimento simples facil de ser repetido, o
conjugado pode ser armazenado por um periodo médio de 12 meses,
mantendo boa capacidade para gerar rea¢des quimiluminescentes;

> No tecido prostatico, os resultados da imunoistoquimica foram
semelhantes aos da imunoquimiluminescéncia que demonstraram uma
reducado estatisticamente significante na expresséao tecidual da galectina-3
em células de adenocarcinoma em comparagao com tecido normal, e um
aumento dessa expressdo na hiperplasia prostatica benigna quando
comparado com os tecidos malignos e normais;

> Além disso, houve uma relagao linear entre a quimiluminescéncia e
a area de tecido em todas as amostras examinadas da préstata e o
conjugado anti-Gal3-EA previamente incubados nos tecidos prostaticos
apresentaram estabilidade quando submetidas a
imunoquimiluminescéncia até apos o periodo de 72 h, assim os anticorpos
conjugados com éster de acridina pode ser usado como ferramenta para
quantificar a mudancgas, minimizando a subjetividade da analise;

> Nos tecidos tireoidianos, a imunocoloragdo pelo conjugado EA-
Antigal3 se comportou como um marcador de malignidade em tumores da
tirdide com uma expressao clara de preferéncia para os casos malignos
de carcinoma papilar, podendo ser util no o diagnéstico definitivo da leséo
independentes da morfologia das células, e complementa
imunoistoquimica convencional;

> A imunoquimiluminescéncia apresentou resultados reprodutiveis na
anadlise de tecidos, mostrando alta sensibilidade e perspectiva de
aplicagcdo no diagnostico precoce, devido a sua detecgdo em nivel

molecular.
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9. PERSPECTIVAS

» Proceder a imobilizacdo de outros marcadores tumorais ao éster de
acridina, como o anticorpo Ki-67 para a realizacdo de ensaios
imunoquimiluminescentes em lesbes da tiredide e a Alpha-methyl-
coenzyme-A-racemase (AMACR) ou a proteina B7-H3 que vem sendo
associadas a progressad do cancer de prostata;

» Desenvolver estratégias metodolégicas para a imobilizacdo de
marcadores em outras moléculas quimiluminescentes para possiveis

testes de diagndstico diferencial das lesdes tumorais;

» Testar a eficiéncia de imunoquimiluminescéncia com os conjugados

desenvolvidos no soro dos pacientes;

» Promover a interface entre a imunoquimiluminescéncia em tecidos com

patologistas, afim de inserir a técnica na rotina do diagndstico.
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