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RESUMO

A lectina ligadora de manose (mannan binding lectin - MBL) é membro das glicoproteinas
plasmaticas, um grupo de proteinas que se caracteriza pela interacdo com um ou mais residuos
de agUcares especificos expressos em varios sistemas biologicos. Concentragdes reduzidas de
MBL tem sido relacionadas com a diminui¢do na resposta a varias doencas infecciosas.
Inimeras formas oligoméricas da MBL, com diferentes capacidades funcionais, s&o
encontradas no sangue humano. Estudos controversos lidam com a possivel associacao entre
mutacdes no gene da MBL e a infeccdo com o virus da hepatite C (hepatitis C virus - HCV).
Né&o existem associa¢Oes significativas entre pacientes com baixos niveis séricos de MBL e as
caracteristicas de desenvolvimento da doenga, incluindo a resposta a terapia antiviral. O
presente estudo teve como objetivo propor um ensaio pratico para purificacdo de formas
moleculares de MBL em amostras de soro de pacientes infectados com HCV visando
investigar a estrutura e o genotipo desta lectina. Os resultados do ensaio de dot-N-man
demonstraram uma boa eficiéncia na separacdo da MBL utilizando membrana de
nitrocelulose revestida de manana. A identificagdo de MBL foi confirmada em todos os
gendtipos por método convencional de dot-ELISA. Bandas protéicas em gel de eletroforese
revelaram diferentes padrdes de migracdo entre os genotipos AA, A0 e 00, entre 50-90 KDa, e
270 KDa, relacionadas com a variagdo de baixa e alta massa molecular da subunidade
estrutural de MBL, respectivamente. Nas amostras de SDS-PAGE néo redutora observou-se
uma maior variedade de massas moleculares, como dimeros, trimeros, e as unidades
estruturais de MBL, principalmente em individuos AA. A analise de western blotting
confirmou a presenca de alta (128 KDa) e baixa (32KDa) massas moleculares da MBL. Foi
também observada a presenca de MBL com massa molecular de 128 KDa, a qual ndo é muito
comum. Os resultados mostraram que ambas, baixa e alta formas moleculares, foram
identificadas e também houve variacdo com a genotipagem dos pacientes. Os resultados
descrevendo o proteoma das formas moleculares de MBL em pacientes com HCV
contribuiram para melhor compreensdo da estrutura/genotipo da MBL nesta patologia que

pode estar associada a resposta ao tratamento.

Palavras-Chave: MBL, HCV, dot-N-man
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ABSTRACT

Mannan-binding lectin (MBL) is a plasma glycoprotein, a group of proteins characterized by
interaction with more than one specific sugar residue expressed in many biological systems.
Reduced MBL concentrations have been linked to diminished responses to several infectious
diseases. Numerous oligomeric forms of MBL, with different functional capabilities, have
been reported as circulating molecules in human plasma. Controversial studies have dealt with
a possible association between mutations in the MBL gene and hepatitis C virus (HCV)
infection. There are no significant associations between patients with MBL low serum
concentration and the disease development, including response to antiviral therapy. The
present study aimed to present a practical purification assay for MBL molecular forms from
serum samples of HCV-infected individuals to investigate the structure and the genotype of
this lectin. The separation assay results showed a good binding efficiency of mannan-coated
nitrocellulose membrane and the MBL identification was confirmed to all genotypes by
conventional dot-ELISA. Protein gel bands revealed different migration patterns between AA,
A0 and 00 genotypes, between 50-90 kDa, and 270 kDa, related to low and high molecular
masses of MBL structural subunits, respectively. In non-reducing SDS-PAGE samples
showed a greater range of molecular species, such as dimmers, trimmers, and structural units
of MBL, mainly in AA individuals. Western blotting analysis confirmed the presence of high
(128 kDa) and low (32 kDa) molecular masses of MBL. It was also observed MBL with
molecular mass of 128 kDa, which is not very common. Our results indicate that both, low
and high molecular forms, were identified and that also varied according to the genotype for
MBL. Our results depicted the proteome of MBL molecular forms in HCV patients
contributing for the understanding of the structure/genotype of MBL in this pathology which

could be associated to the response to treatment.

Keywords: MBL, HCV, dot-N-man
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1 INTRODUCAO

O termo “proteoma” foi ouvido pela primeira vez em 1993 por de Mark Wilkins e
Keith Williams que se referiam a identificacdo sistematica do complemento protéico total do
genoma de um organismo ou tipo celular (BLACKSTOCK & WEIR, 1999; LOPEZ, 1999;
HAYNES & YATES, 2000). Entretanto, este termo pode também ser usado em um sentido
menos universal, para referir-se ao conjunto de proteinas que estad sendo expresso num dado
momento da vida da célula (PANDEY & MANN, 2000). A protedbmica visa estudar as
propriedades das proteinas, seus niveis de expressdo, fun¢des, modificacBes pds-traducionais,
interacOes entre proteinas e mecanismos reguladores (GRAVES & HAYSTEAD, 2002).

Existem duas etapas principais na analise protedmica: a primeira consiste em isolar e
separar as proteinas de um sistema bioldgico, esta pode ser feita através de métodos
eletroforéticos. A segunda etapa consiste na identificacdo das proteinas separadas, geralmente

por reacOes imunoldgicas, espectrometria de massa e bioinforméatica (CAHILL et al., 2001).

A interdisciplinaridade que liga imunologia, imunoinformética, gendmica, protedmica
a seus campos cientificos relacionados denomina-se imunémica. O crescimento explosivo da
tecnologia molecular, da biologia e da informacdo transformou radicalmente a pesquisa da
imunologia na era da pos-gendmica (PETROVSKY, 2005). Os dados da imunénica foram
usados com sucesso para identificar marcadores bioldgicos envolvidos em doencas auto-
imune, em alergias, em infecgdes virais, tais como HIV, HCV, influenza, em diabetes, e em
respostas as vacinas do cancer (BRAGA-NETO & MARQUES, 2006).

A lectina ligadora de manose (mannan binding lectin - MBL) é uma glicoproteina
plasmatica pertencente a familia das colectinas, as quais sdo caracterizadas por se ligarem a
sacaridicos (PRESANIS et al., 2003). Na regido C-terminal da cadeia protéica situa-se o
dominio de reconhecimento de carboidratos (carbohydrate recognition domain - CRD),
caracterizado por apresentar um arranjo compacto, e permitir as ligagdes seletivas da colectina

a carboidratos complexos especificos, na presenca do ion calcio.

Segundo Van de Wetering e colaboradores (2004), o CRD apresenta residuos de
cisteina, os quais seriam responsaveis pela especificidade de ligagdo a manose. A atividade

funcional da MBL é dependente da sua organizacdo molecular. Nos humanos, as formas
9
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plasmaticas predominantes sdo as dimericas, triméricas e tetraméricas, mas somente as
estruturas com massa molecular maiores sdo capazes de desencadear uma resposta imune
eficaz. Pode ocorrer entdo, a opsonizacao e a fagocitose dos patdgenos e também a ativacao
do sistema complemento por meio de complexos com serina-proteases especificas,
denominadas MASPs, proteina ligadora de mannose associada a serina proteases
(SELANDER et al., 2006).

Os niveis de MBL no soro variam desde 50 ug/L até 5.000 ug/L. A deficiéncia da
MBL é comum e atinge cerca de 5% ou mais da populacdo mundial (PRESANIS et al., 2003),
estando associada a maior susceptibilidade a infeccdes severas e repetitivas na infancia e na
fase adulta (KOCH et al., 2001). Estudos destacam a relagdo entre os niveis da MBL no
sangue e o gendtipo, confirmando que as variagGes na concentracdo sdo devido a ocorréncia

de mutac@es estruturais no gene da proteina, MBL2 (DEAN et al., 2005).

A MBL do soro pode ser analisada por diferentes meios, quase sempre com 0
propdsito de estabelecer uma relacdo causal entre a lectina e a susceptibilidade as doencas
(BONIOTTO et al., 2002). Para tal finalidade, técnicas qualitativas e quantitativas séo
utilizadas para a caracterizacdo da MBL, incluindo ELISA e os ensaios funcionais, tais como
a medida da lectina ligada a uma coluna de fase solida de manana, e a medida da ativacdo do

sistema complemento mediada pela MBL no ensaio de deposicdo de C4 (THIEL et al., 2006).

Estima-se que cerca de 3% da populacdo mundial, 170 milhdes de pessoas, sejam
portadores de hepatite C cronica (2 milhdes somente no Brasil). E atualmente a principal
causa de transplante hepatico em paises desenvolvidos, e responsavel por 60% das
hepatopatias cronicas (HEPCENTRO, 2006). A principal estratégia terapéutica contra a
hepatite C é a combinacdo de interferon alfa e ribavirina, IFN o-RIBA (CHEVALIEZ &
PWLOTSKY, 2007). Contudo os resultados terapéuticos ndo sdo padrdo. Assim o estudo
descrevendo o proteoma das formas moleculares de MBL em pacientes com HCV contribui
para uma melhor compreensdo da relacdo entre as estruturas expressas e as mutagdes

genotipicas da MBL nesta patologia podendo auxiliar na resposta ao tratamento.

10
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2 OBJETIVOS

2.1 GERAL

Estabelecer um perfil protedmico e imunémico da lectina ligadora de manose (MBL)

em individuos portadores do virus da Hepatite C.

2.2 ESPECIFICOS

- Propor a técnica dot-N-mn para separacao/purificacdo de formas moleculares de

MBL,;

- Estabelecer um perfil fisico-quimico de oligomerizacdo da molécula de MBL

empregando dot-blot, eletroforese SDS-PAGE e western blotting;

- Correlacionar este perfil com a presenca de variantes alélicas para o gene MBL.

11
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3REVISAO DE LITERATURA

3.1 ADESCOBERTA DA MBL

A descoberta da MBL data da década de 40, quando foi observado que componentes
l&beis ao calor, presentes no soro, denominados de B-inibidores, eram capazes de neutralizar o
virus influenza e de inibir a hemaglutinacdo induzida por esse virus. Essa capacidade foi
atribuida, posteriormente, a lectina ligadora de manose, MBL (MALHOTRA & SIM, 1995).
No entanto apenas em 1968 a MBL ganhou importancia, quando Miller e colaboradores

analisaram o soro de uma paciente com uma deficiéncia no processo de fagocitose.

Nas duas décadas posteriores, de 70 e 80, foram realizados estudos que mostraram que
esse particular defeito de opsonizacao e fagocitose, funcdes atribuidas a MBL, predispde a
infeccdes respiratorias, diarréias e desenvolvimento deficiente durante a infancia. Em 1975,
Robinson e colaboradores detectaram a presenca de uma MBL na purificacdo da enzima o-
manosidase do figado humano por cromatografia de afinidade. Subseqgiientemente, lectinas
semelhantes foram isoladas do figado e do soro de coelho (KOZUTSUMI et al., 1980;
LAURSEN et al., 1998a), do figado e dos linfonodos de camundongo (MIZUNO et al., 1981;
ZHANG et al., 1999) e de humanos (WILD et al., 1983; LAURSEN et al., 1998b).

Em 1989, Super e colaboradores associaram a falha na opsonizacdo de Saccharomyces
cerevisiae no soro de criangcas com infeccdes freqlientes e inexplicadas com os baixos niveis
plasméticos de MBL, resultando na maior susceptibilidade a infeccGes cronicas. A deficiéncia
da MBL tem sido relatada, particularmente comum em criancas desde a década de 90 por
Turner (2003).

Evidéncias mostram que a MBL tem pelo menos quatro funcdes distintas: ativagdo do
complemento, promocdo da opsonizagdo e fagocitose (complemento-independente),
modulacgéo da inflamacgéo e promogéo da apoptose. Dessas, a ativagdo do complemento seria a
mais extensivamente estudada (TURNER, 2003).

12
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3.2 BIOQUIMICA DA MBL

Vaérias formas oligoméricas da MBL, atribuidas as diferentes capacidades funcionais, tém
sido relatadas como circulantes no plasma humano. Essas variacGes estruturais podem
consistir desde a observacdo de uma Unica unidade estrutural, denominada de mondémero, a
formagéo dos altos oligdmeros, a exemplo dos hexameros, como relatado por Lipscombe e

colaboradores em 1995.

Alguns estudos tém indicado que a forma tetramérica da MBL € suficiente para
desencadear a ativacao do sistema complemento, enquanto as formas diméricas ou triméricas
podem opsonizar 0s patdgenos para o reconhecimento e processamento fagocitico. Portanto, a
oligomerizacdo da MBL € essencial para a sua atividade biolégica no sistema imune por
permitir a ligagdo a carboidratos especificos dispostos na superficie de virus, bactérias, fungos
e parasitas, ativando a ligacdo de fatores do complemento através da formacao de complexos
com serina-proteases (MASPs), e promovendo a lise celular e a eliminacdo de
microrganismos (YOKOTA et al., 1995; TURNER, 2003).

Estudos da MBL no plasma humano determinaram a existéncia de, principalmente, duas
formas da proteina, uma forma de alta e outra de baixa massa molecular. Fazendo associagdo
com 0 gendtipo, varios autores observaram que os individuos portadores do alelo selvagem
(AA) apresentam predominio das formas oligoméricas da lectina na circulacdo (tetrameros,
pentdmeros, hexameros, etc), com uma menor identificacdo das formas de baixa massa
molecular (LIPSCOMBE et al., 1995; TERAI et al., 2003; ROOS et al., 2004; LEE et al.,
2005).

Entretanto, no soro dos individuos heterozigotos é relatado principalmente as formas de
baixa massa molecular, com a presenca das altas formas oligoméricas da MBL em menor
proporcéo, porém estas sdo similares as apresentadas pelo genotipo selvagem (LIPSCOMBE
et al., 1995; MATSUSHITA et al., 2000; GARRED et al., 2003; TERAI et al., 2003; ROOS
et al., 2004; LEE et al., 2005). Nestes individuos, os niveis sanguineos da MBL podem estar
reduzidos em até 100 vezes quando comparados ao genotipo selvagem. Nos homozigotos
mutantes, os niveis da MBL sdo quase indetectaveis (GARRED et al., 1992; LIPSCOMBE et
al., 1992; MADSEN et al., 1994, 1995, 1998; CROSDALE et al., 2000).

13
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A MBL humana é uma glicoproteina extensa, cuja cadeia peptidica sintetizada tem peso
molecular de 32 kDa e compreende uma seqiiéncia de 248 aminoacidos. Consiste de quatro
dominios distintos: dominio de reconhecimento de carboidrato (carbohydrate recognition
domain, CRD), pescoco (neck), colageno e N-terminal (Figura 1) (PRESANIS et al., 2003).
Na regido C-terminal da cadeia peptidica localiza-se 0 CRD, caracterizado por apresentar um
arranjo compacto e permitir as ligagdes seletivas da MBL a carboidratos complexos
especificos, na presenca do célcio (VAN DE WETERING et al., 2004).

Em direcdo a regido N-terminal da cadeia peptidica, tem-se uma regido hidrofobica
denominada pescoco, a qual permite o correto alinhamento das cadeias colagenas e, assim,
facilita a trimerizacdo da estrutura. A regido colagena é a regido estrutural mais extensa,
caracterizada por conter 19 seqiiéncias repetitivas de aminoacidos glicina-X-Y, onde X e Y
pode ser qualquer aminoacido, com alta frequéncia para prolina e hidroxiprolina (DAHL et
al., 2001).

Regido Cross-linking  Regido Colageno Regido Pescogo Regido CDR

(¢) unidade Estrutural do < ‘?}lq

A,

oligbmero

7

~

A~

g

(b) Subunidade Estrutural A
- T S— \L/‘

: v

in
=%

Figura 1: Representacdes estruturais da MBL (a) unidade polipeptidica, (b) subunidade estrutural

trimérica e (c) oligbmero das subunidades estruturais. Fonte: PRESANIS et al. (2003).

Na porcdo N-terminal, ha um dominio de vinte residuos de aminoacidos rico em cisteina.

Esta regido estd envolvida na interagdo covalente entre as trés cadeias polipeptidicas da

14
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unidade estrutural e também € responsavel pela ligacdo covalente de muitas unidades na
estrutura oligomeérica funcional da MBL. Quando ocorre a juncdo de trés a seis dessas
subunidades estruturais é formado o oligdbmero, ou seja, a proteina madura que apresenta uma
alta massa molecular (GARRED et al., 2003).

Embora a afinidade de cada interacéo accar-lectina seja muito fraca - somente de 10° M
(IOBST et al.,, 1994) a MBL ¢ capaz de se ligar a mdltiplos sitios simultaneamente,
assegurando a essa uma alta funcionalidade (TURNER, 2003). O dominio CRD é acucar
seletivo e célcio dependente, permitindo que a MBL reconhega preferencialmente a manose,
glicose, fucose e N-acetilglicosamina (TURNER, 1996).

E freqiiente a ocorréncia de polimorfismos no gene MBL2 em populacdes de varias
regides do globo, notadamente em paises europeus, asiaticos e africanos (MINCHINTON et
al. 2002; LEE et al., 2005). Tais muta¢des consistem na mudanca de uma unica base (single
nucleotide polymorphism - SNP) afetando com isso trés cddons especificos (52, 54 e 57) na
regido estrutural do gene. O polimorfismo acarreta a substituicdo de um aminoécido diferente
na proteina. O individuo heterozigoto ou homozigoto para qualquer uma das muta¢des no
gene estrutural é denominado de AO ou 00, respectivamente, sendo o alelo “A” o selvagem e
“0” a anotagdo para qualquer uma das substituigdes nos cédons 52, 54 ¢ 57 (GARRED et al.,
2006). A deficiéncia na MBL é provocada por trés polimorfismos em nucleotideos especificos
situados no éxon 1 do gene da MBL (MBL2) localizado no cromossomo 10. Esses
polimorfismos séo referidos como: alelo B no cdédon 54 (G54D), alelo C no codon 57 (G57E)
e alelo D no cddon 52 (R52C) (DEAN et al, 2005).

3.3 MBL E O SISTEMA IMUNOLOGICO

O sistema imune inato € considerado a primeira linha de defesa do organismo
apresentando moléculas diretamente envolvidas no reconhecimento e na eliminacdo de
patogenos. A imunidade inata ndo age de forma isolada, separada ou paralela a imunidade
adaptativa, mas, proporcionalmente, os dois sistemas interagem produtiva e sinergicamente.
Podem ser citados exemplos que incluem a amplificacdo da resposta de anticorpos pelos
componentes do sistema complemento, gerados inespecificamente e o papel de anticorpos

naturais na neutralizagdo viral (OCHSENBEIN & ZINKERNAGEL, 2000).
15



Albuguergue, D.A.P. Perfil Protedmico e Imunémico da MBL...

Imunologistas tém, por muito tempo, apreciado e explorado lectinas produzidas por
microrganismos, plantas e invertebrados. Contudo o achado de maior relevancia para a
pesquisa dessas proteinas foi a descoberta da funcdo desempenhada por elas na defesa imune
dos mamiferos, promovida pelo reconhecimento especifico a agucares (PRESANIS et al.,
2003).

Bordet e Streng, em 1906, descreveram a primeira lectina animal, a conglutinina, através
da sua habilidade para aglutinar eritrocitos cobertos com anticorpos e elementos do
complemento. Posteriormente, essa e outras lectinas animais foram caracterizadas como
proteinas de reconhecimento a carboidratos dependentes de calcio e tal caracteristica
constituiria um grupo especifico de lectinas denominadas colectinas (HOLMSKOV et al.,
1994).

As colectinas pertencem a uma super familia de lectinas calcio-dependentes de mamiferos
e estdo envolvidas no sistema de defesa inata do organismo. Os membros integrantes mais
conhecidos sdo a lectina ligadora de manose (MBL), proteina surfactante A (SP-A), proteina
surfactante D (SP-D), colectina do figado 1 (CL-L1), colectina da placenta 1 (CL-P1),
conglutinina, colectina de 43 kDa (CL-43) e colectina de 46 kDa (CL-46). A MBL é uma das
colectinas humanas mais estudadas (VAN DE WETERING et al., 2004).

A MBL é uma proteina de fase aguda secretada na corrente sanguinea e € principalmente
sintetizada pelo figado (SASTRY et al., 1991). Esta lectina tem importancia na promocao da
opsonizacdo e na acentuacdo do processo fagocitico de patdgenos, células defeituosas ou
células apoptdticas previamente opsonizadas, ativando uma via especifica do sistema
complemento, a via das lectinas (Figura 2) (GARRED et al, 2006).

A deficiéncia da MBL tem sido associada com o aumento do risco de infeccdo em uma
variedade de situacdes clinicas (KILPATRICK, 2002). O status da lectina exibe enorme
influéncia em individuos nos quais a imunidade adaptativa esteja imatura, a exemplo de
criangas muito novas, ou esteja comprometida, tais como na fibrose cistica, ap6s tratamento
guimioterapico ou no processo de transplante de medula 6ssea (GROSDALE et al., 2000;
GARRED et al., 2003; SELANDERET et al., 2006).
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Figura 2: Ativacdo da via lectina do sistema complemento pela MBL e MASP-2 na superficie de um
microorganismo. Fonte: GARRED et al. (2006).

Estudos sobre o papel da MBL tém sido conduzidos em condicdes saudaveis e nas
doencas. Em populacdes pediatricas a deteccdo de niveis baixos da lectina esteve comumente
associada a infecgdes generalizadas, sobretudo do trato respiratorio (KOCH et al., 2001); as
concentracdes da MBL no sangue do corddo umbilical sdo geralmente menores do que na
circulacdo de individuos adultos (KILPATRICK et al.,, 2002; THIEL et al., 2006),
aumentando rapidamente durante a primeira semana de vida, permanecendo durante a
infancia, um pouco mais elevados do que em adultos (TERAI & KOBAYASHI, 2003).
Acredita-se, portanto, que a alta concentragdo de MBL coincide com a fase de adaptagéo
ambiental das criancas até trés anos e é, provavelmente, uma resposta protetora contra o
contato antigénico macico, reforcando assim, a hipdtese de que a lectina atua na defesa contra
as infecgdes, principalmente no periodo de imaturidade do sistema imune e de maior

susceptibilidade aos agentes infecciosos (THIEL et al., 2006).

Os niveis da MBL no soro sdo extremamente variaveis, desde concentragfes menores que

50 pg/L, até maiores que 5000 pug/L em individuos saudaveis. A deficiéncia da MBL é
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comum e atinge cerca de 5% ou mais da populacdo mundial (KOCH et al., 2001; PRESANIS
et al., 2003).

Estudos destacam a relacdo entre os niveis de MBL no sangue e o geno6tipo do individuo,
confirmando que as variagdes na sua concentracdo sdo atribuidas a ocorréncia de mutacGes
estruturais no gene da proteina (MBL2). Estas mutacdes (figura 3) sdo caracterizadas por
substituicdes em um unico aminoacido nos codons 52, 54 e 57, localizados no éxon 1 e
referidos, respectivamente, como variantes D, B e C, sendo A o tipo selvagem (SEGAT et al.,
2007)

52 (D), 54 (B), 57 (C)

\l/

Gene MBL2 — &0 V#7776 e E 8 ¥
Promoter 0 Promoter 1 ‘ ‘ ‘ ¢

Cisteinas N-terminais

Polipeptideo 25 kDa (AARAAAARAARAART ]

4 A I

Regido Colageno Regido Pescogo Regido CDR

Tetramero de MBL

Figura 3: Representacdo esquematica do gene MBL2 e os cddons de mutacdo no gene. Fonte:
GARRED et al. (2006).

Os testes de deteccdo de MBL descritos na literatura sdo baseados no reconhecimento
imunologico dessa molécula por anticorpos monoclonais ou soros policlonais. Muitos dos
experimentos realizados que associam a deficiéncia de MBL com a susceptibilidade a
infeccBes ou com doencgas auto-imunes, como a doenga celiaca, empregam testes de ELISA
(BONIOTO et al., 2002).
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Poucas empresas fornecem Kkits para a dosagem de MBL, e estes utilizam o imuno-
reconhecimento como principio de detec¢do. Uma desvantagem desta abordagem esta no fato
de ndo se poder determinar a atividade da molécula. Por isto, foram desenvolvidos testes de
segunda geragéo visando determinar a atividade de ativacdo do complemento pela MBL (LEE
et al., 2005). Neste dltimo exemplo, os testes podem apresentar como ligante manana
imobilizada em placas de ELISA e a clivagem de C4 ou anticorpos monoclonais (GARRED
et al., 2003).

Sdo poucas as referéncias de testes para avaliagdo da massa molecular da MBL
(LIPSCOMBE et al., 1995; GARRED et al., 2003). A maior dificuldade encontrada é a baixa
quantidade de MBL no soro. Lipscombe e colaboradores (1995) propuseram o imunobloting
qguimiluminescente para aumentar a sensibilidade e especificidade da determinacdo da massa
molecular da MBL. Ourth e colaboradores (2005) investigando MBL na pupa de Heliothis
virescens empregaram dot-blot apds separacdo da MBL por cromatografia de afinidade.

Apesar da importancia da avalia¢do do arranjo molecular da MBL, percebe-se na literatura
uma lacuna quanto a testes que possam estimar a proporcao de formas moleculares de alta
massa, ditas funcionalmente mais eficientes do que as moléculas de MBL de baixa massa
molecular, que em teoria, ndo seriam capazes de desempenhar totalmente a atividade de

ativacdo de complemento e opsonizacdo (FREDRIKSEN et al., 2006).

3.4 HEPATITE C E MBL

A hepatite C é caracterizada por uma taxa de 75-85% de progressdo a cronicidade
apos a fase aguda. A infeccdo pelo virus da hepatite C (hepatitis C virus — HCV) é altamente
prevalente em algumas areas da Africa, Tailandia, China, Vietnd e Indonésia, na Europa
central e nordeste, parte dos Estados Unidos, América Central, Nova Zelandia e Asia
(BRASS et al., 2006).

Rotas importantes na transmissdo do HCV sdo através do sangue infectado e o
contato prévio com produtos contaminados com sangue, havendo também a transmissdo por
uso de drogas intravenosas, com riscos menores associados com a exposi¢do perinatal e o
contato sexual (SHEPARD et al., 2005; SY & JAMAL, 2006). Diagndsticos soroldgicos

19



Albuguergue, D.A.P. Perfil Protedmico e Imunémico da MBL...

envolvem a deteccao de anticorpos anti-HCV para as proteinas estruturais e nao-estruturais e
ensaios moleculares para a deteccdo do RNA-HCV (BROWN et al., 2007).

O HCV é um virus envelopado de RNA de cadeia simples, com cerca de 9.400
nucleotideos, membro da familia Flaviviridae, e foi inicialmente descoberto por Choo e
colaboradores em 1989. O genoma de 9,4 kb codifica proteinas estrutural e nao-estrutural,
incluindo proteases virais e glicoproteinas de superficie (THOMSON & FINCH, 2005; BRASS
et al., 2006). As glicoproteinas E1 e E2 sdo expressas como heterodimeros ndo-covalentes no
envelope viral. Ambas contém glicanos N-ligados (GOFFARD & DUBUISSON, 2003) e
constituem alvos em potencial para a interagdo com a MBL.

O HCV existe com uma variedade de genotipos definidos como grupos
filogeneticamente distintos que diferem na distribuicdo geogréafica e epidemioldgica e
aproximadamente em 30% na seqléncia do genoma. Os seis genotipos (1-6) sdo subdivididos
em subtipos (a-t) (SIMMONDS et al., 2005). As diferencas entre 0s gendtipos no curso clinico
e na associacdo as doencas tém sido investigadas com achados conflitantes. H& também uma
significante variacdo entre 0s genotipos e a resposta ao tratamento. Também parecem
influenciar a progressdo da doenca na infeccdo pelo HCV o género, a etnia, 0 consumo de
alcool, a rota de transmissdo, a idade, a duracdo da infeccdo e a infeccdo dupla com HIV
(human immunodeficiency virus — virus da imunodeficiéncia humana) ou HBV (hepatitis B
virus) (CHEN & MORGAN, 2006).

Em termos de infeccdo viral, a MBL tem sido relatada em participar da resposta imune
contra o virus da imunodeficiéncia humana (HIV), Influenza A, Ebola, Marburg, Herpes
Simplex Virus 2 e os virus da hepatite B e C (HBV e HCV, respectivamente) (KILPATRICK
et al., 2003; GADJEVA et al. 2004; JI & GEWURZ, 2005; JI et al., 2005; CHONG et al.,
2005;). No caso do HBV e do HCV, mutacGes da MBL tém sido ligadas a progresséo da
doenca e a resposta ao tratamento (BROWN et al., 2007).

Poucos estudos tém avaliado a relag&o entre o polimorfismo da MBL e a infecgéo pelo
HCV. Estudos realizados em pacientes japoneses descreveram associagdes entre a mutacgdo e a
concentracdo da MBL, a progressao da doenca e a resposta ao tratamento (MATSUSHITA et
al., 1998a; MATSUSHITA et al., 1998b; SASAKI et al. 2000). Contudo outro estudo,
utilizando um coorte europeu, ndo encontrou correlacdo entre o genotipo da MBL e a doenca
pelo HCV (KILPATRICK et al., 2003).
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Das trés mutacGes estruturais, somente o polimorfismo no cdédon 54 (alelo B) foi
encontrado no coorte japonés e isto foi positivamente associado com a diminuicdo dos niveis
no soro da MBL, progresséo da doenca e resposta ao tratamento (MATSUSHITA et al., 1998a,
1998b). Sasaki e colaboradores (2000) encontraram que pacientes homozigotos ou
heterozigotos para o alelo B apresentaram reduzidas concentracbes da MBL comparados com
0s homozigotos para o tipo selvagem e a presenca de mutacdo no alelo B aumentou a

possibilidade de progressao da hepatite crénica ativa ou cirrose.

No estudo de um coorte europeu, Kilpatrick e colaboradores (2003) inferiram o
genétipo da MBL quanto aos niveis de expressdo da lectina. Contudo nenhuma relacéo
aparentemente significante foi observada entre a concentracdo da MBL e a progressdo da
doenca ou resposta ao tratamento. No entanto, uma tendéncia dos altos niveis da MBL foi

observada em pacientes com HCV comparado aos controles.

Dumestre-Perard e colaboradores (2002) relataram um método para calcular a
atividade especifica da MBL circulante. Segundo os autores, o interesse na determinacdo da
atividade especifica da MBL reside no seu uso potencial para a exploracdo bioldgica de certas
patologias. Foi sugerido entdo que a reducdo da atividade do componente C4 nédo foi
dependente da via classica, mas da via das lectinas, em virtude das concentracdes dos
componentes C1qg, C4, C3 e MBL estarem préximas do normal e nenhum complexo inibidor
Cls-C1 ser detectado. Observou-se também uma diminuicdo significativa na atividade
especifica da MBL em pacientes com HCV comparados com os controles saudaveis. Além
disso, a atividade especifica da MBL medida em ndo-respondedores ao tratamento com

interferon-a foi significativamente mais baixa quando comparado aos respondedores.

Yuen e colaboradores (1999) estudaram a relacdo entre os niveis da lectina no soro e
as mutacdes no gene da MBL em pacientes chineses assintomaticos com hepatite B e
portadores de hepatite C. Segundo os autores, apesar das mutacdes no gene da MBL néo
aumentarem a susceptibilidade da persisténcia da infeccdo pela hepatite B e hepatite C, ndo se
concluiu se essas infecgdes virais cronicas afetariam os niveis da MBL. Neste estudo foi
encontrado que embora a presenca de tais hepatites tenda as baixas concentracdes da MBL, a
principal causa dos niveis baixos verificados seria resultado da mutacdo. Considerando os
pacientes com as hepatites crénicas B e C e os controles sem mutagdo, foi observado que os

niveis da MBL foram significativamente menores nas hepatites, até mesmo em relacdo aos
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portadores assintomaticos com funcionamento bioquimico do figado normal ou préximo do

normal.

Ha duas possiveis explicacdes para a diminui¢do nos niveis da MBL em pacientes com
hepatite B e hepatite C. A primeira é que ao contrario de uma infeccdo aguda, a infeccéo viral
cronica pode suprimir a produgdo protéica ndo - especificamente. A segunda é baseada em um
estudo prévio que tem mostrado que o polimorfismo no gene promotor da MBL (HL, XY)
pode explicar os baixos niveis da lectina em individuos sem mutacdes estruturais no gene
(Madsen et al., 1995, GARRED et al., 2006).
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ABSTRACT

Low levels of MBL have been linked with susceptibility to several infectious diseases.
Different assays used to MBL determination haven’t been able to identify widely its
molecular forms in the circulation. This work evaluated the molecular profile of MBL in
serum of hepatitis C patients using lectin separation assay in microplates with nitrocellulose
discs followed by immunorecognition and SDS-PAGE (reducing and non-reducing) and
Western blot analysis. Results showed that the purification assay was efficient for MBL and
the further MBL identification was confirmed to all genotypes. The results suggest a simple

and low coast separation method for MBL.

Keywords: MBL, dot-N-Man, HCV.
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INTRODUCTION

Currently in experiments conducted with MBL, quantitative analysis is considered
something relatively simple, because there are many commercial ELISA kits. Thiel et al.
(2002) established an in-house test to detect the MBL and compare their results with
commercial kits, where noted that all worked satisfactorily.

The MBL was first isolated from human serum in 1983 by affinity chromatography,
using a column of Sepharose-mannan (Mannan coupled with a Sepharose matrix) in the
presence of calcium ions but it was Laursen (2003) exposed the importance of the MBL
purification for medicinal use such as in treatment or prevention of infections in patients with
deficiencies of MBL associated with clinical symptoms. Tests carried out by Garred et al
(2003) and Terai et al (2003) have detected forms of low molecular weight of MBL. They
indicated three elution pattern types: the type 1 high molecular mass with mannan connection
capacity and formation of complex with MASP, the type 2 low molecular weight and
without these capabilities and type 3 both forms, corresponding respectively to wild type
(AA), a mutation homozigous in codon 54 (b/b) and a heterozigous (a/b).

The analysis by immunoblotting of the MBL oligomers in human plasma, combined
with the quantification assay (ELISA) and functional testing of lectin (C4 deposition) allows a
better understanding of native structure and the functions associated with the MBL rolling
stock. Visible differences were observed in the patterns of immunoblotting between
individuals of different genotypes, particularly between A/A individuals and those who tabled
the A/C and 0/0 (Dean et al, 2005). In these individuals plasma the standard oligomers of
MBL changed of single band of 88 kDa, corresponding to structural unit, at the shapes that

have a pattern corresponding to the wild type.

Despite numerous studies about the structure of MBL in human plasma, the
relationship between the oligomeric structure of the protein expressed by individuals with
mutations, and its ability to opsonization and ability to activated the supplement system in
human seems has not been fully investigated. This article aims to present a Dot-N-Man

methodology for the detection of MBL in patients of HCV.

35



Albuguergue, D.A.P. Perfil Protedmico e Imunémico da MBL...

MATERIALS E METHODS

Samples: Thirty HCV-positive patients’ serum samples were genotyped in the Molecular
Biology of Viruses Laboratory at the Pernambuco State University. Experiments were
approved by the Ethic Committee of the Oswaldo Cruz University Hospital, UPE (No.
021/05).

Dot N-man: This method was modified from the method described by Rogan et al (1991) and
Romia et al (1992). Nitrocellulose membranes (Hybond C, Amersham Pharmacia Biotech.)
were cut with paper puncher (disc forms) and put into holes of a microplate (Maxi Sorp,
Nunc, Denmark). Mannan solution (300mM/mL; Sigma, St. Louis, USA) in tris-buffered
saline solution (TBS) with Tween-20 (100mM, pH 7.4) was added to the membranes and
allowed to dry at 25°C. After washes with TBS-Tween 20, membranes were incubated with
albumin solution (50mg/mL; BSA, Sigma Chemical Co.) for 1h at 25°C. Six washes with
TBS-Tween 20 were done and blood samples (1:2) in TBS-Ca™" (140 mM NaCl, 20 mM Tris,
5 mM CaCl,, pH 7.4) were incubated overnight at 4°C. Membranes were washed with TBS-
Tween 20 and MBL elution was performed with a solution of 1M NaCl or mannan solution
(varying from 300mM to 600mM) in TBS. Samples with the same genotype were pooled,
lyophilized and stored at -20°C until use.

SDS-PAGE: Experiments were carried out according to Laemmli (1970). MBL samples were
dissolved in sample buffer (Tris-HCI, pH 6.8; 20% glycerol; 4% SDS; 2% Bromophenol
Blue, 5% beta-mercaptoethanol), warmed up to 100° C in water bath for 5 minutes and run on
a discontinuous gels SDS-PAGE system with 4% stacking gel and 10% separating gel at 75 V
and 40 mA. Sigma Molecular Weight Marker kit (St. Louis, USA) broad range (30-200 kDa)
was used for size determination. Bands were visualized with Commassie solution or silver

staining.

36



Albuguergue, D.A.P. Perfil Protedmico e Imunémico da MBL...

Western blot: SDS-PAGE MBL bands were transferred to nitrocellulose membranes. After
that membranes were incubated with phosphate buffered saline solution (PBS; 0.01M, pH
7.2) supplemented with skimmed milk solution (5%) for 90 minutes at 25°C under gentle
stirring. Three PBS-Tween 20 (0.05%) washes were developed for 10 minutes each. MBL
was immune recognized with primary antibody, 1:100 (rabbit anti-MBL polyclonal serum;
AntibodyShop, Copenhagen, Denmark) was incubated for 16 h at 4° C followed by the
secondary antibody, 1:5000 (IgG anti-rabbit conjugated to peroxidase, Sigma, St. Louis,
USA) for 1 h at 25°C. Diaminobenzidine (DAB)-H,0O, (10mg + 1uL) were used to reveal the

immunological reaction.
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RESULTS

The MBL separation protocol from human serum, called dot-N-man, showed to be
efficient. The method was able to rescue the lectin in sera via binding to immobilized mannan.
MBL recovered was SDS-PAGE separated and stained with Coomassie Blue or silver
stainings. The silver staining was chosen due to its high sensitivity. These best conditions for

MBL separation using dot-N-man are detailed in Table 1.

Table 1: Optimal conditions for MBL separation using dot-N-man

Parameter Concentration Time and/or Temperature

Nitrocellulose membrane 50pL of mannan (300 | 12h

sensitization mg/mL) per plate well

Albumin Incubation 50 mg/mL in TBS-T 1h/25°C

Serum Incubation 100pL (1:2) per well in | 12h/4°C
TBS-Ca'™"

MBL elution 500mM mannan | 3 washes of 15min each
solution in TBS

A B
Figure 1: Immune recognition by dot-blot assay on nitrocellulose membranes using anti-MBL

polyclonal antibody. A: letters a, b and c represents the genotypes AA, AO and OO of sera
samples of HCV patients, respectively. The negative control is designed as C. Positive control
was the recombinant MBL designed as Re. B: microplate view with nitrocellulose membranes
during MBL immune recognition.

38



Albuguergue, D.A.P. Perfil Protedmico e Imunémico da MBL...

SDS-PAGE revealed differences among the three genotypes (AA, A0 e 00) regarding
MBL molecular masses (MM) (Figure 2). In genotype AA samples bands of 180 kDa, 88, 66,
55 kDa were observed, equivalent to trimeric, dimeric and monomeric forms of lectin. For A0
genotype samples 180 and 88 kDa were expressed in a very low content whereas 55 and 66
kDa had a profile close to the AA genotype. In genotype OO the high and intermediate MM

bands, 180 and 88 kDa, respectively, were weak, virtually absent in samples studied.

Western blotting of protein bands separated in electrophoresis using anti-MBL
antibody revealed a band of 25 kDa in samples of wild type genotype (AA) besides the ones
already observed in SDS-PAGE ( Figure 3).

<— 180 Kda

<— g8Kda

< 6G6Kda

Figure 2: MBL profile for the three genotypes of patients diagnosed with HCV.
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<“— 63

[ 55

<« 25

A

Figure 3. Molecular forms of MBL identified by
antibody immune recognition. (A) SDS-PAGE
under reducing conditions and detected by
immunoblot of wild-type (AA) samples after
purification assay. It was visualized a weak band of
25 kDa.

DISCUSSION

Comparing the method proposed (dot-N-man) with conventional methods to separate
and purify proteins our protocol shows some limitations like as yield and reuse of separation
matrix. This method has proved to be effective in separating molecular forms of MBL from
HCV patients” sera. However, western blotting did not recognize the high MM band of 180
kDa found in SDS-PAGE.

The dot-N-man method consisted in a nitrocellulose membrane cut in circles of 6 mm
in diameter and placed into wells of an ELISA plate. The quantity of mannan for
immobilization that yielded the best MBL separation from serum samples was 300 mg/mL.

Western blotting of MBL eluates confirmed multiforms of the MBL. It was observed distinct
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profiles for its molecular masses in the three genotypes studied. A clear difference was
noticed in individuals with AA genotype in comparison to those with 00 homozygous variant
genotype, presence and absence of 25 kDa band, respectively. Nevertheless, there was
considerable variation in the profiles of the heterozygous individuals (A0 genotype).

For heterozygous patients is observed MBL of low molecular masses. High molecular
masses MBL forms are observed in very low quantities resembling those observed in AA
genotype (Lipscombe et al., 1995; Garred et al., 2003; Terai et al., 2003; Lee et al., 2005).
For heterozygous individuals MBL plasmatic level can be found 100 times lower than in wild
genotype. In mutant homozygous MBL plasmatic level is quite undetectable (Crosdale et al.,
2000).

A key point in MBL studies is the presence of many heteroligomeric forms in human
blood circulation which can form dimers to tetramers (Turner, 1996). This oligomerization
pattern can be more complex when the allelic variants were also considered. Yokota et al.
(1995) observed that, in humans and rabbits, trimers, tetramers and pentamers were the main

MBL forms and that the last two exhibit complement activation action.

The profile of bands visualized in our study is in accordance with other researches
(Garred et al., 2003; Lee et al., 2005). Mannan-Sepharose resin was used by Lee et al. (2005)
to purify human serum MBL they have shown by immunoblot that native MBL molecule
presents bands raging from 50 to over 200 kDa and the molecular mass varies according to
genotypes. SDS-PAGE and immunoblot profile in reducing conditions for AA genotype
revealed bands of 55 and 66 kDa, which were also the predominant bands observed in native
SDS-PAGE profile, suggesting that the dot-N-man was able to partially purify the MBL from

the patients’ serum.

Our results indicated that both, low and high molecular forms, were identified and that
also varied with genotyping for MBL. For the samples studied we visualized the incomplete
forms of MBL. These variant forms can be related to the instability of the molecule and to the
purification process as well as to the electrophoresis preparation. The detection of
heteroligomeric forms of MBL in our study can be associated to the chronic condition of the
patients (hepatic lesion and intense inflammatory activity). Similar results were observed by
Dumestre-Perard (2002) in chronic hepatitis C patients.
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Considering that the deficiency of MBL can be associated with pathologies (Presanis
et al, 2003), detection of oligomeric forms of lectin it’s an important tool for the study of

MBL biological role in susceptibility and related disease progression.

The approach presented in this work for MBL purification from serum samples is a
simple and efficient method for viewing the molecular forms of MBL. The resulted MBL

profile can be employed as a complementing analysis for the screening of MBL.
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ABSTRACT

Mannose-binding lectin (MBL) recognizes carbohydrates via activation of the complement
system and modulation of cytokine production by monocytes. Heterogeneity in molecular
masses of MBL is due to the impairment of oligomers formation, which is linked to genetic
polymorphisms on the exon 1 of the MBL2 gene. Individuals with genotype AA (wild type)
produce high molecular mass (HMM) proteins whereas A0 and 00 ones produce intermediate
(IMM) and low molecular mass (LMM) proteins. To get insight to the heterogeneous
molecular mass profile of MBL, thirty Hepatitis C Virus (HCV) patients’ sera were
investigated using a MBL binding assay with mannan-coated nitrocellulose (dot-N-Man).
MBL obtained were evaluated by SDS-PAGE and western blotting. The molecules obtained
via dot-N-Man assay showed a molecular mass profile associated to MBL after reducing and
non-reducing SDS-PAGE. The molecular masses ranged from 25-270 kDa, comparable to
low and high molecular mass forms of MBL. Non-reducing SDS-PAGE showed high
molecular mass bands in all AA individuals while bands of 270 and 205 kDa were observed
in sera of 5 out of 20 patients with A0 and 00 genotypes. The immunoblotting confirmed the
MBL samples obtained from the dot-N-Man.

Keywords: MBL, dot-N-Man, HCV.
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INTRODUCTION

The immune innate response is a critical determinant of organism susceptibility to
infection. This is particularly important when the adaptative immunity is immature or
compromised. Mannan-binding lectin (MBL) is a multimeric molecule and an important
component of innate immunity which binds pathogens and activates the complement system
independently of antibody. Recent studies have shown that the lectin pathway has the
potential to generate four times more C3/C5 convertases than the classical pathway and hence
the production of pro-inflammatory products C3a, C4a, and C5a required for mounting an
effective innate immune response to infections is observed (Rawal et al., 2008). MBL
recognizes mannose and N-Acetylglucosamine (GIcNAC) residues, arranged in high density
on the surface of bacteria, yeast, protozoans, parasites and virus, but not the normal
mammalian cells (Minchinton et al., 2002, Thiel et al., 2006). The binding leads to the change
of structure and conformation of MBL, which activates serine-proteases associated proteins
(MASPs) and initiates the complement cascade (Petersen et al., 2001).

The MBL2 is primarily expressed in the liver (Garred et al., 2009), the gene encodes
for a 32 kDa protein chain. Three chains form a structural subunit of 96 kDa alfa-helical
molecule, consisting of a homopolymer. This structural subunit is stabilized by disulfide
linkages through cysteine-rich residues on the N-terminal region. MBL presents a collagen
region where the MASPs bind and each chain shows a carbohydrate recognition domain
(CRD) on the C-terminal region. MBL is found in different molecular forms in circulation,
including single structural units, dimers, trimers and tetramers (Kilpatrick, 2003). The
capacity of binding to sugars residues is highly dependent of its oligomerization state. Two or
three subunits assemble to form dimmers and trimers respectively, leading to the phagocytosis
of the pathogen (Cedzynski, M. et al., 2004). On the other hand MBL high molecular mass
forms is ables to form complexes with MASPs and, therefore, activate the complement

system, enhancing the inflammatory process (Minchinton et al., 2002; Garred et al., 2003).

MBL levels in serum as well as its functional activity have been linked to common
genetic variants in the MBL2 gene. Three polymorphisms in the exon 1 affect the collagen
region of MBL and give rise to allelic variants B, C and D (Lipscombe et al., 1995, Teillet et
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al., 2005). While A means wild type allele, B, C and D are related with the structural
mutations in codons 54, 57 and 52, respectively (Rema, et al., 2009). Proteins presenting
these genetic polymorphisms show impaired binding to specific oligossacharides and
diminished ability to MASPs association (Petersen et al., 2001). Besides the B, C and D
structural polymorphisms, single nucleotide polymorphism (SNP) at promoter region has
been described (Best, et al., 2009). These SNPs correspond to H/Y, X/Y and P/Q alleles in -
550, -221 and +4 gene positions. The three loci are closely related and four promoter
haplotypes (LXP, LYP, LYQ e HYP) are commonly found (Madsen et al., 1998; Turner,
2003, Terai et al., 2003). In particular, codon 54 mutation of the MBL gene is associated with
recurrent infections and autoimmune diseases (Tsutsumi et al., 2005; Mok et al., 2007; Gorgi
et al., 2009). In attempt to elucidate the relation between levels, function and MBL genotype
many authors have used different approaches. The most commom assay for quantify MBL is
the ELISA. Mannan binding and C4 deposition assays have also been used for evaluation of
functional activity of MBL and complement activation in vitro (Holmskov et al., 2003;
Minchinton et al., 2002; Garred et al., 2003; Dean et al., 2005).

In the present study Hepatitis C virus sera were used and MBL molecules were
screened regarding their molecular masses attempting to associate their molecular profile

regarding the polymorphism in the exon lof the MBL2 gene.
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EXPERIMENTAL

Patient’s Samples: Thirty chronic patients positive for Hepatitis C virus (HCV) were
genotyped for MBL2 polymorphism at the exon 1 region, previously to experimentation
according to Segat et al., 2007, where peripheral blood DNA was extracted and MBL2 was
genotyped and classified as AA, wild type (n = 10); A0, mutant type (n = 10); 00, mutant type
(n =10).

Dot-N-man: This method was modified from Rogan et al. (1991) and Romia et al. (1992).
Nitrocellulose membranes (Hybond C, Amersham Pharmacia Biotech, USA) were cut with
paper puncher (6 mm discs) and placed in a 96 wells microplates — one at each (Maxi Sorp,
Nunc, Denmark). Mannan solution (300mMg/mL; Sigma Chemical Company, USA) in 100
mM tris-buffered saline solution, pH 7.4 with 100mM Tween 20, pH 7.4 (TTBS), was added
to the membranes and allowed to dry at 25°C. After 3 washes with TTBS, membranes were
incubated with albumin solution (50mg/mL; BSA, Sigma Chemical Company, USA) for 1h at
25°C. Six washes with TTBS were done and after that serum samples (1:20) in TBS-Ca"™"
(140 mM NaCl, 20 mM Tris, 5 mM CaCl,, pH 7.4) were incubated overnight at 4°C.
Membranes were then washed 3 times with TTBS. MBL was recovered from membranes
using 1M NaCl solution or mannose solution (concentration varying from 300 mM to 600

mM). Recovered MBL molecules were pooled, lyophilized and stored at -20°C until use.

Dot-blot: lyophilized MBL was ressuspended in TBS (30 pg/pL) and 30 pL were added to 6
mm discs of nitrocellulose for immobilization by air drying. Membranes were then incubated
with 100 pL of 5% BSA for 1 h at 25°. Discs were washed 6 times with TTBS and 1gG anti-
MBL rabbit antibody (1:300) was added and incubated overnight at 4°C. TTBS washes (3
times) were performed and IgG anti-rabbit conjugated to peroxidase (Sigma, USA) was
incubated for 1h at 25°C under gentle stirring. Diaminobenzidine (DAB)-H,0, (10 mg/mL in

TBS) was used as peroxidase substrate.
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SDS-PAGE: Experiments were carried out according to Laemmli (1970). Lyophilized MBL
was ressuspended (5ug in 20 uL) in sample buffer (Tris-HCI, pH 6.8; 20% glycerol; 4% SDS;
2% Bromophenol Blue, 5% bet a-mercaptoethanol), warmed up to 100° C in water bath for
5min and run on discontinuous gels in a SDS-PAGE system (4% stacking gel and 10%
separating gel) at 75 V and 40 mA. Molecular Mass marker kit, ranging 30-200 kDa (Sigma,

USA) was used. Bands were visualized with Commassie solution and silver staining.

Western blotting: SDS-PAGE bands were transferred to nitrocellulose membranes and
incubated with TTBS supplemented with 5% skimmed milk solution for 90 minutes at 25°C
under gentle stirring. After three TTBS washes (10 min each) primary antibody (1:100 —
rabbit anti-MBL polyclonal serum — Antibody Shop, Denmark) was incubated overnight at 4°
C followed by the secondary antibody (1:5000 -l1gG anti-rabbit conjugated to peroxidase -
Sigma, USA) for 1 h at 25°C. Diaminobenzidine (DAB)-H,0, (10 mg/mL in PBS-T) were
used as peroxidase substrate.

Ethical Clearance: the project was approved by the Ethic Committee of the Oswaldo Cruz
University Hospital at the University of Pernambuco (UPE), Northeast Brazil (n® UPE/021/05

in 11/05/2005). Blood sample donors agreed in participating the project via a written consent.
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RESULTS AND DISCUSSION

The present study used dot-N-man for MBL purification from total blood samples of
HCV patients. The assay was carried out using mannan immobilized onto nitrocellulose

membrane. MBL was investigated in three genotypes (AA, A0 and 00).

The separation yield of bound mannan-ligant MBL was of 4 to 8% (6% - average
value) of the total blood sample (approximately 2 mg/mL). MBL specific recognition was
detected and confirmed by dot-blot and western blotting.

MBL SDS-PAGE revealed differences among the three genotypes (AA, A0 e 00). AA
individuals presented high molecular forms (180 kDa) as well as molecular forms of 55 to 95
kDa (Figure 1A). Low molecular form of 37 kDa related to the structural subunit of MBL,
was not observed in SDS-PAGE, except for one sample of AA (Figure 1A, lane 1).

Three out of ten AO individuals presented an electrophoresis profile similar to the wild
genotype (Figure 1B, lanes 1 and 2). Bands of 55-66 kDa were observed in 00 samples but it
was not observed high molecular forms or structural subunit bands (Figure 1C). Recombinant
MBL was presented as one band of 55 kDa (Figure 1D, line 1) which indicates that MBL

molecules separated by dot-N-man could have undergone structural alterations.

AA individuals presented high molecular forms of 97, 205, 214 and 270 kDa, where
the last one is equivalent to the oligomer formed by three monomers of the lectin (Figure 2A).
The structural unit of 88 kDa was absent in samples but in lane one (Figure 2A, line 1) where
bands of 37 kDa and 25 kDa were also observed. In A0 and 00 individuals it was observed
bands of 205, 66 and 55 kDa (Figures 2B, 2C).

Western blotting from reducing gel for AA samples revealed bands of 63 kDa, 55 kDa
and 180 kDa bands.

Molecular mass analysis of human serum MBL can bring light to how this lectin
functions in homeostasis and pathology. SDS-PAGE and western blotting of MBL samples
showed distinct profiles for its molecular masses in the three genotypes studied. A clear
difference was observed in individuals with AA genotype in comparison to the 00
homozygous variant genotype. Nevertheless, there was a considerable variation in the profiles

of the heterozygous individuals (AO genotype).
52



Albuguergue, D.A.P. Perfil Protedmico e Imunémico da MBL...

A Kkey point in MBL studies is the presence of many heteroligomeric forms in human
blood circulation which can form dimers to tetramers (Rajagopalan et al., 2009). This
oligomerization pattern can be more complex when the allelic variants are also considered.
Yokota et al. (1995) observed that, in humans and rabbits, trimers, tetramers and pentamers

were the main MBL forms and that the last two exhibit complement activation action.

Population specific and non-homeostatic differences in MBL molecular mass profile
were also observed by other researches (Garred et al., 2006; Lee et al., 2005). For the Korean
samples Lee et al. (2005) observed that native MBL molecule presents bands raging from 50
to over 200 kDa and the molecular mass varies according to genotypes. In the present work
we analyzed MBL from HVC patients in both native and reducing conditions. Under reducing
conditions AA genotype MBL revealed bands of 55, 66 and 95 kDa. Under non-reducing
conditions AA patients presented a broad range of bands were observed between 55 and 270
kDa in contrast to patients with A0/00 genotypes where a 205 kDa band was the main one.
Such observation may be explained due to the purification process or to the great diversity of
oligoforms of MBL in patients presenting wild genotype. In western blotting from native gel
it was also observed a weak band of 128 kDa for one AA genotype sample, but not for A0/00
patients. Such ban is not very common to MBL being considered as anomalous monomeric
form which probably presents extra peptide chains in their structure. Lipscombe et al. (1995)

reported similar findings.

In the analysis of native SDS-PAGE molecular profile of 00 patients we observed a
band of 205 kDa differently from what was reported by Garred et al. (2003) and Dean et al.
(2005). It is known that the purification method can influence these differences. The 205 kDa
band indicates the formation of a dimmer which may be responsible for the binding of MBL
from AO0/00 patients. Dean et al. (2005) demonstrated that depending upon the specific allele
of MBL (B, C or D), the oligomerization process can be differentially affected and that the
allele D exerts minor influence comparing to the others. Also the A0 genotype can generate
molecules of high molecular weight due the presence of the wild allele.

Dumestre-Perard et al. (2002) questioned the possible relationship between structural
polymorphism of MBL and its oligomerization state. They also reported the difficulties to
evaluate MBL profile based in the protein content and genotyping. Lipscombe et al. (1995)
reported that wild type MBL presented a molecular mass of 500 kDa while mutant was
characterized by molecular forms of 240-380 kDa.
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Our results indicated that MBL of both, low and high molecular masses, were
identified in sera of HCV patients and that also the profile varied with the genotyping for
MBL2. The incomplete forms of MBL may be related to the diversity of oligomerization
process in either heterozygous or homozygous individuals. Also these observations are related
to the molecule stability and normal or pathologic state as well as to the purification process.
MBL serum concentration can be very low in normal individuals with A0/00 genotypes. In
HCV patients we were able to obtain significant amounts of MBL using dot-N-man as a
consequence, in part, of the chronic condition of HCV patients studied (hepatic lesion and
intense inflammatory activity). Such conditions leads to higher levels of circulating MBL
when compared to normal sera (Dumestre-Perard et al., 2002; Kilpatrick et al., 2003; Segat et
al, 2007).

In conclusion our results depicted the molecular forms of MBL in HCV patients what
could contribute to further analysis of the influence of the structure/genotype of MBL in the

progression of infection and also in the response to the hepatitis C therapy.
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Figure 1. MBL molecular mass identified by reducirng SDS-PAGE. (A) Individuals
with AA genotype where more intense bands were visualized. Arrows show the 37
and 95 kDa bands, corresponding monomeric and dimeric forms variations. (B)
Individuals with AO genotype reveals few high molecular mass forms. (C) Individuals
with OO genotype. (D) A 55 kDa band of MBL recombinant was visualized in 1 (rec).
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Figure 2. Molecular forms of MBL identified by non-reducing
SDS-PAGE. (A) AA samples with presence of a high range of
molecular mass. A 25 kDa band also was observed at the number
2. (B) A0 (1,2) and (C) 00 (1,2) samples. It was observed bands
with less intensity, but for all A0 and 00 samples were detected
high molecular bands.
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7 CONCLUSOES GERAIS

- O ensaio dot-N-man mostrou-se eficiente na separacédo de lectina ligadora de manose (MBL)

do soro de pacientes com hepatite C;

- O ensaio dot-N-man mostrou-se uma técnica simples, pratica e reprodutiva para separacao
de formas de baixa massa molecular da MBL através do reconhecimento por anticorpos

especificos, evidenciando principalmente as estruturas anémalas da lectina;

- A caracterizacdo estrutural da MBL em relacdo aos genotipos (AA, AO e OO) apresentou
resultados consistentes com variages pronunciadas entre os individuos com o gene selvagem
e 0S que apresentaram O gene mutante, com a observacdo de um perfil molecular

caracteristico para cada genétipo;

- As estruturas diméricas e triméricas da MBL foram as formas predominantes nos diferentes

gendtipos de pacientes positivos para HCV;

- Observamos que as formas de alta massa molecular podem esté associadas a fase cronica da
hepatite C.
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