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RESUMO

Transformacdes neoplésicas apresentam modificacdes na composicao e distribuicdo de
oligossacarideos da superficie celular de glicoproteinas e glicolipideos, a partir desta
caracteristica, lectinas vém sendo utilizadas como sondas no auxilio de diagnosticos
histopatologicos de tecidos de mama, Utero e cérebro, entre outros. Quimiluminescéncia
€ uma a técnica que possui baixos limites de deteccdo e amplas faixas dindmicas. O
éster de acridina vem sendo utilizado em sistemas quimiluminescentes para
imunodiagndstico conjugado a anticorpos. Neste trabalho, o éster de acridina foi
conjugado a Concanavalina A (Con A) e empregado como marcador histoquimico
quimiluminescente. Foram utilizados tecidos mamarios humanos normais e
diagnosticados como carcinoma ductal infiltrante (CDI). Na metodologia utilizada a
emissdo de fotons, durante a hidrolise do éster de acridina conjugado a Con A, que foi
quantificada, expressada em unidade relativas de luz (URL) e correlacionada com a
marcacdo do tecido, normal ou transformado. Os resultados encontrados demonstraram
uma proporcionalidade de URL com a intensidade de marcacao dos tecidos estudados.
Os valores de URL para o tecido mamério normal (2,565x10° + 0,247x10% foram
inferiores aos obtidos para o CDI (1.283,920x10° + 220,621x10%. A eficiéncia da
conjugacao da lectina ao éster de acridina, a marcacéo diferenciada do tecido normal e
CDl, e a quantificacdo dos resultados obtidos contribuem para diminuir a subjetividade
no diagndstico histopatologico de rotina e possibilitam o emprego do éster de acridina

como marcador de lectinas para uso em histoquimica.



ABSTRACT

Neoplasic cell transformations present differences in the composition and distribution of
oligosaccharides in cell surface glicoproteins and glicolipids. Lectins have been used as
auxiliary tools in histopathologic diagnosis to mammary, uterus and brain tissues, for
example. Chemiluminescence is a technique with low detection threshold and large
dynamic spectrum. Acridinium ester (AE) conjugated to antibodies has been employed
in chemiluminescent systems to immunodiagnosis. The present work aimed to
conjugate AE to Concanavalin A (Con A) and use it as chemiluminescent
histochemistry tool. Biopsies of normal and transformed, infiltrating duct carcinoma
(IDC), mammary tissues were used. Photon emission, observed during the breakage of
the chemical bound between Con A and AE, was quantified, expressed in relative light
units (RLU) and correlated to the labeling of the normal and transformed tissues.
Results demonstrated that there is RLU proportionality with the labeling. RLU to
normal tissue (2,565x10° + 0,247x10°) were lower than to IDC (1.283,920x10° +
220,621x10%. Con A-AE conjugation efficiency, differential staining of normal and
IDC tissues, and quantification of results contribute to decrease the subjectivity in
routine histopathologic diagnoses and indicate that acrydinum ester can join other lectin

marker to be used in histochemistry.



1 INTRODUCAO

1.1 LECTINAS GENERALIDADES

Stillmark, em 1888, foi o primeiro a descrever o fenébmeno de hemaglutinacéo
por extratos de plantas, sendo mais tarde relacionado a presenca de lectinas. Estudando
a toxicidade de Ricinus communis (mamona), ele descobriu uma proteina, a qual
chamou de ricina, que era capaz de aglutinar as células vermelhas de animais e humanos
(Kennedy et al., 1995).

O termo “lectina” (do latim legere — selecionar, escolher) foi empregado para
descrever aglutininas especificas de grupo sangtiineo, encontradas em sementes e outras
partes de algumas plantas (Body & Shapleigh, 1954).

Goldstein e colaboradores (1980) definiram lectinas como proteinas ou
glicoproteinas, de origem ndo imunolégica, capazes de reconhecer e precipitar
carboidratos, livres ou complexados, e glicoconjugados atraves de sitios de ligacdo nos
quais as interacfes hidrofobicas sdo as principais forcas de interacdo (Sharon & Lis,
1990; Kennedy et al., 1995).

As lectinas séo encontradas em seres unicelulares (Kawagishi et al., 2001) e
pluricelulares, animais (Danphy et al., 2002) e vegetais (Coelho & Silva, 2000).

Apesar do vasto nimero de informacdo a respeito de suas propriedades, suas
funcdes fisioldgicas especificas continuam imprecisas. As principais hipdteses sdo as de
que as lectinas participam do mecanismo de defesa de plantas contra ataques de
fitopatdgenos, principalmente, durante os estagios iniciais de germinacdo das sementes,
quando elas agiriam como fungistaticos ou bacteriostaticos (Wang & Ng, 2003).

Funcionariam, também, como mediadoras da simbiose entre plantas e microorganismo



fixadores de nitrogénio (Dazzo & Truchet, 1983), protecdo contra predadores (insetos e
animais), armazenagem de proteinas (Ponchel & Irache, 1998). Atuariam, ainda, na
mobilizacdo e acumulo de matérias para estoque nas sementes antes do periodo de
dorméncia, bem como no processo de aumento/alongamento da parede celular (Liener

et al., 1986).

1.2 HISTOQUIMICA COM LECTINAS.

Lectinas tém sido empregadas em estudos relacionados as mais diferentes areas,
como matrizes de afinidade (Green & Baenziger, 1989), descobrimento dos cddigos de
sacarideos em biomoléculas, na separacdo de populacbes celulares biologicamente
distintas, técnicas preparativas e analiticas de caracterizagdo, no sequenciamento e
purificacdo de carboidratos e glicoconjugados. (Peumans & Van Damme, 1998; Calvo
et al., 2000), nos tecidos animais (Wakui et al., 1996; Kiatipattanasakul et al., 1998;
Baintner et al., 2000; Sames et al.,2001) na tipagem sanguinea (Khang et al, 1990),
como imunossupressoras no transplante de medula 6ssea (Remani et al., 1994), na
caracterizacdo e quantificacdo das glicoproteinas do soro e analise das imunoglobulinas
humanas (Dalziel et al., 1999), na sindrome de imunodeficiéncia adquirida humana
(Astoul et al., 2000), na biotecnologia farmacéutica, como molécula de mediacdo no
direcionamento de drogas para alvos especificos (Lehr, 2000; Yamazaki et al., 2000),
como droga anti-neoplésica in vitro (Wang et al., 2000).

A variacdo na expressdo de carboidratos nos varios processos metabolicos, de
desenvolvimento e de reconhecimento celular, possibilita o uso das lectinas como

marcadores estruturais revelando a organizacdo das superficies celulares e mudancas



durante envelhecimento e patologias (Katnik-Prastowska, 1999; Astoul et al., 2000;
Nishimura et al., 2000).

Um grande numero de lectinas tem sido empregado como marcadores
histoquimicos de tecidos. Dentre elas destacam-se as lectinas de amendoim (“Peanut
agglutinin”; PNA), a de Canavalia ensiformis (Con A), de Ulex europaeus 1 (UEA-1),
de Dolichos biflorus (DBA) e a de Triticum vulgaris (WGA) (Herling et al., 2000).

A histoquimica com lectinas tem sido empregada no auxilio de diagndsticos
histopatoldgicos, para mapeamento dos estdgios de diferenciacdo/desdiferenciacao,
nivel de malignidade e capacidade de metéstases (Brooks, 2000; Danguy et al., 2002)
em tecidos da cavidade oral (Komath et al., 2000; Kaneko et al., 2000); cérebro humano
(Nishimura et al., 2000; Beltrdo et al, 2003), baco (Dullman et al., 2000); mama
(Brooks & Carter, 2001; Beltrdo et al., 1998, 2001), utero (Pillai et al., 1994), prostata

(van den Brile et al., 2001) e pele (Sames et al., 2001), entre outros.

1.3 CANCER

Neoplasia é o processo patolégico que resulta no desenvolvimento de um
neoplasma. Caracteriza-se pelo crescimento anormal, incontrolado e progressivo do
tecido, mediante proliferagdo celular/tumor com neoformagdo (WHO, 2000).
Popularmente e indistintamente chamado de céncer, é responsavel por altas taxas de
mortalidade em todo o mundo, sendo crescente 0 nimero de casos diagnosticados a

cada ano.



Pesquisa realizada no Hospital do Céancer de Pernambuco indicou que o cancer
de mama aparece em terceiro lugar, dos 80 tipos de cancer, alcancando a marca dos
14,75% do total dos pacientes atendidos no periodo 1996 a 2000 (HCP, 2000).

O céancer de mama é 100 vezes mais freqiiente em mulheres que em homens.
Dentro dos fatores de riscos e etioldgicos sdo citadas a predisposicdo hereditaria, estado
marital, procriagdo, e lactacdo, displasia mamaria, cancer de Utero e ovario, horménios
estrdgenos, trauma, fatores étnicos e ambientais, anti-conceptivos orais e menopausa. O
cancer de mama nas mulheres é a segunda maior incidéncia de neoplasias maligna no
mundo. Neste tipo de cancer a melhora na qualidade de vida tem diminuido sua
incidéncia. Habitos da vida moderna como tabagismo, alcoolismo, sedentarismo e
obesidade tém contribuido para aumentar o risco de cancer de mama (Parkin et
al.,2001).

A Sociedade Americana de Cancer estimou que dos 89.000 novos casos de
cancer de mama ocorrido em 1976 nos EUA, 33.000 pacientes morreram da doenga em
1 ano (Krupp & Chatton, 1980). Atualmente uma em oito mulheres americana
desenvolvera cancer de mama durante suas vidas (England et al., 2003)

No Brasil a taxa de mortalidade por cancer de mama ainda €é elevada,
provavelmente os pacientes ao procurarem ajuda medica encontram-se em estadios
avancados (INCA, 2003).

Nem todas as neoplasias malignas sdo passiveis de prevencdo ou deteccdo
precoce. O cancer de mama quando detectado precocemente propicia uma maior
sobrevida. Na Europa, a sobrevida é de 91% ap6s 1 ano e de 65% apds 5 anos; nos
Estados Unidos, a sobrevida e de 96,8%, no primeiro ano (Parkin et al., 2001).

Nos processos neoplasicos as células sofrem alteracfes, ocorrendo, dentre elas,

mudancas significativas no padrdo de glicosilagdo da membrana celular. Estas



modificacdes sdo observadas quanto a composicao e distribuicdo de oligossacarideos da
superficie celular de glicoproteinas e glicolipideos sdo reconhecidos preferencialmente

pelas lectinas (Brooks & Leathem, 1995; Nishimura et al., 2000).

1.4 ENSAIOS QUIMILUMINESCENTES

Quimiluminescéncia (QL) ¢é definida como a emissdo de radiacdo
eletromagnética, geralmente na faixa do visivel ou infravermelho préximo, produzida
por uma reacdo quimica. Este fendmeno possui aplicacGes diversas em quimica
analitica, principalmente, na area da andlise por injecdo em fluxo, cromatografia de
coluna liquida e sistemas de separacdo por eletroforese capilar, bem como em
imunoensaios (Garcia-Campana et al., 2003).

O uso de reacbes de QL apresenta algumas vantagens, dentre as quais possuir
baixos limites de deteccdo e amplas faixas dindmicas (Baeyens et al., 1998). A
aplicacdo da QL, como instrumento analitico, depende da conjugacdo da substancia de
interesse a um dos participantes da reacdo quimiluminescente ou ao produto no estado
excitado. A concentracdo da amostra desconhecida sera proporcional a producdo de luz
total emitida ou a um parametro fisico associado a luminescéncia, tal como cor ou
polarizacdo da luz emitida (Campbell et al., 1985).

Anélises laboratoriais baseadas nos 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 avaliagdo de funcéo tireoidiana, fertilidade, marcadores tumorais,



monitoramento de drogas terapéuticas, hepatite, proteinas especificas e esteroides
(Kricka, 2003).

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 condigdes apropriadas, dentre os quais destacam-
se 0 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 radioisotdpicos que estavam se tornando poucos populares
devido a sua curta meia vida, ao perigo potencial a salde 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 aplicagdo nas mais diversas areas de Biotecnologia.

(Adamezyk et al., 2001).



2 RELEVANCIA DO TRABALHO

A especificidade de ligacdo das lectinas a carboidratos tem encontrado aplicacéo
nas areas medica e biologica. Lectinas tém sido usadas para estudar as propriedades de
ligacGes a diferentes tipos de tecidos humanos com lesbes benignas e malignas (Beltrdo
et al., 1998, 2001, 2003; Sames et al., 2001). Ester de acridina, por sua vez, tem sido
utilizado com sucesso em sistema quimiluminescentes para imunodiagnostico (Kricka,
2003). Com o intuito de buscar novos compostos que possam ser utilizados como
marcadores em conjugados de lectinas, o éster de acridina sera utilizado em
histoquimica com lectinas de tecidos mamarios humanos. Tendo em vista 0 nimero de
casos de cancer de mama no Estado de Pernambuco, diagnosticados no Hospital do
Cancer de Pernambuco, e seu impacto na sociedade, este tecido sera utilizado como
modelo para avaliagdo do potencial do éster de acridina conjugado a lectina de
Canavalia ensiformis (Con A) como ferramenta auxiliar para diagnéstico em
Histopatologia, encontrando, assim, uma nova aplicacdo para este composto,

tradicionalmente empregado em ensaios quimiluminescentes em imunodiagndstico.



3 OBJETIVOS

3.1 GERAL
Avaliar o potencial do éster de acridina conjugado a lectina de Canavalia
ensiformis (Con A) como marcador celular em histoquimica com lectinas de tecidos

mamarios humanos.

3.2 ESPECIFICOS

- Conjugar o éster de acridinaa Con A;

- Detectar a emisséao de fotons durante a hidrélise do éster de acridina conjugado
a Con A;

- Estabelecer a correlagdo entre os fétons emitidos, a area de marcacdo e o

diagndstico.



4 ARTIGO CIENTIFICO

EVALUATION OF ACRIDINIUM ESTER CONJUGATED TO
CONCANAVALIN A AS CHEMILUMINESCENT
HISTOCHEMISTRY MARKER

(A ser submetido ao Biotechnology Letters)
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ABSTRACT

Cell differentiations/dedifferentiations include differences in the composition and
distribution of oligosaccharides in cell surface glicoconjugates. Lectins have been used
as auxiliary tools in histopathologic diagnosis of many pathologies of mammary, uterus
and brain tissues, for example. Chemiluminescence is a technique with low detection
threshold and large dynamic spectrum. Acridinium ester (AE) conjugated to antibodies
have been employed in chemiluminescent systems to immunodiagnosis. This work aims
to use Con A-AE as chemiluminescent histochemistry tool. Biopsies of normal and
transformed, infiltrating duct carcinoma (IDC), mammary tissues were used. Photon
emission, observed during the breakage of the chemical bound between Con A and AE,
was quantified, expressed in relative light units (RLU) and correlated to the labeling of
the normal and transformed tissues. Results demonstrated RLU proportionality with the
labeling. RLU to normal tissue (2,565x10° + 0,247x10°) were lower than to IDC
(1.283,920x10° + 220,621x10°%). Con A-AE conjugation efficiency, differential staining
of normal and IDC tissues, and quantification of results contribute to decrease the
subjectivity in routine histopathologic diagnoses and indicate that Acrydinum Ester can
join other lectin marker to be used in histochemistry.



INTRODUCTION

Molecular switches for fluorescence have been attracting considerable attention,
especially because of high sensitivity of luminescence signals (Suzuki et al., 2003).

Chemiluminescence (CL), defined as a process in which excited molecules or
atoms generated from chemical reactions release the excess of energy in light form has
been known to be a powerful analytical technique that exhibits high sensitivity and
selectivity. The benefits of chemiluminescent methods include ultra sensitive detection
limits (attomole-zeptomole), rapid assays and a broad range of analytical applications
(Kricka, 2003).

Historically, luminol and isoluminol were the first chemiluminescence
compounds to be used as labels (Campbell et al., 1985) but the more sensitive
acridinium ester labels quickly super exceeded them. As effective labels for
biomacromolecules, acridinium esters have received great interest as a basis for the
development of high-performance chemiluminometric assays using labeled molecules
(Yang et al., 2002).

Lectins, (glyco)proteins that reversible bind free or conjugated carbohydrates,
have found an increasing number of applications in medicine and biological processes
(Kennedy et al., 1995). Traditionally they are conjugated to peroxidase, fluorescein
isothiocyanate (FITC) or biotinylated to be used in histochemistry, flow cytometry
analysis (Brooks & Leathem, 1995; Nishimura et al., 2000).

As histochemical marker, lectins have been applied to characterize mammary
(Beltréo et al., 1998, 2001), uterine (Remani et al., 1994) and cerebral neoplasic tumors

(Nishimura et al., 2000, Beltréo et al., 2003), and many others. Lectin histochemistry



has been used as an extra marker besides the traditional immunohistochemistry to
characterize normal and transformed tissues.

In this work acridinium ester is proposed as the labeling molecule for
Concanavalin A, Con A, 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 — Northeast Brazil.



MATERIALS AND METHODS

Human mammary specimens: twelve formalin-fixed and paraffin-embedded malign
mammary tissues, diagnosed as infiltrating duct carcinoma, and four normal mammary

tissues were obtained from the Hospital do Cancer of the State of Pernambuco, Brazil.

Con A conjugation with acridinium ester: Acridinium ester (AE) was conjugated to
Con A according to Weeks et al. (1986). Briefly, Con A (500 pL containing 2 mg of
protein) was incubated with 15 pL of acridinium ester solution (0,2 mg diluted in 400
puL de N,N-dimethylformamide), for 1 h at 25°C. The conjugate (AE-Con A) was
applied to a column of Sephadex G-25, previously equilibrated with phosphate buffer
pH 7,2. Aliquots (200uL) were collected and protein spectrophotometrically determined

at 280 nm. Protein peak was protein content and chemiluminescence assayed.

Lectin Histochemistry. Four-micrometer paraffin sections were cut and microscope
slides were prepared. Sections were deparaffinized in xylene and hydrated through
graded alcohol (100-70%). Tissue slices were incubated with Con A-AE (100 pg/mL)
for two hours at 4°C. All solutions were prepared in 10 mM phosphate buffer,
containing 0.15M NaCl (PBS), pH 7.2. After each step, the slices were immersed in
PBS for two 5-min washes. Lectin binding inhibition assays were accomplished
incubating each lectin solution with D-glucose (0.02 to 0.5 M) for 15 min prior to its
incubation with the tissue. Following steps were as described previously for the binding

protocol.

Measurement of chemiluminescence: Luminometry was performed using a Magic

Lite Analyzer (Ciba Corning Diagnostics, Walpole). The emission intensity was



determined as relative light units (RLU) using 5 puL of sample. Duplicate measurements

routinely exhibit precision lower than 5%.



RESULTS AND DISCUSSION

A large number of research immunoassays and emerging clinical tests have been
developed in a chemiluminescent format (Kricka, 2003).

Conjugation of acridinium ester to antibodies and enzymes has been widely used
in analytical and clinical research (Goto et al., 2002; Garcia-Campafia et al., 2003;
Kricka, 2003). Here, lectin labeling with acridinium ester was developed using Con A
and the conjugate, Con A-AE, was used as chemiluminescent histochemistry tool.

Luminescence was evaluated as a function of tissue area. It was observed that
photon emission was proportional to the tissue area incubated with Con A- AE. From
1cm? to 1/8cm? a decrease in relative light units (RLU) was achieved when infiltrating

duct carcinoma was labeled with the conjugate (Figure 1).
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Figure 1: Con A-AE labeling proportionality to infiltrating duct carcinoma tissue
area. Values of r and p were 0,98 and 0,002, respectively.



The proportionality of RLU per area of tissue helps to standardize the expected
emission of light for each stage of dedifferentiation to which the investigated tissue
presents.

The RLU counting for the infiltrating duct carcinoma was much higher than that
estimated for the normal mammary tissue (Table 1). These results are according to
Beltréo et al. (1998) who demonstrated that Con A specifically labeled IDC. Change in
the glycosilation pattern of glycoconjugates in the cell membrane, mainly as over

expression, is a feature observed in many tumours.

Table 1: Chemiluminescence of Con A-AE labeled and inhibited tissues.

Tissue Labeled (RLU) Lectin inhibited (RLU)
Infiltrating duct carcinoma  1,283.920x10° + 220.621x10°  0.647x10%+0.046x10’

Normal 2,565x10° + 0.247x10° 0.192x10%+0.032x10’

Lectin inhibition binding assay was best performed with D-glucose (300 mM).
The assay assured that resulting counting of RLU was obtained via lectin carbohydrate
binding site that recognized glucose/mannose residues in cell membrane and not by
unspecific binding between acridinium ester and such residues of glycoconjugates also
present in cell membrane (Table 1).

These results is of great importance since the use of others labels such as peroxidase
and FITC showed to be effective to indicate difference in staining intensity in
transformed and normal tissues but not to quantify how much is correspondent to such
transformations per area. The sensitivity, dynamic range and diversity of
chemiluminescent assays, notably in immunoassays, protein and nucleic acid blotting,

have found another application in lectin histochemistry as showed here in this work.
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5 CONCLUSOES

O presente trabalho permite concluir que:

- 0 éster de acridina foi conjugado com sucesso a Con A,

- 0 conjugado mostrou-se um marcador estavel para tumores de tecido mamario
humano, normal e diagnosticado como carcinoma ductal infiltrante;

- a emissdo de unidades relativas de luz pela quebra quimica do conjugado Con
A éster de acridina é proporcional a &rea de tecido avaliado;

- a emissdo de URL foi decorrente do reconhecimento lectina-glicoconjugados
da superficie celular dos tecidos normais e transformados como comprovado pela
abolicdo da mesma quando da inibicdo dos sitios de reconhecimento a carboidrato da
Con A por glicose.

- 0 conjugado Con A-EA se mostrou um promissor marcador quimiluminescente

em histoquimica com lectinas.



6 REFERENCIAS BIBLIOGRAFICAS

ADAMCZYK, M., GEBLER J.C., SHREDER K., WU, J. Quantitative determination of
noncovalently  bound  acridinium in  protein  conjugates by liquid
chromatography/electrospray ion trap mass spectrometry. Rapid Commun Mass

Spectrom; 15(9):670-4, 2001

ASTOUL C.H., PEUMANS W.J.,, VAN DAMME E.J. Accessibility of the high-
mannose glycans of glycoprotein gp120 from human immunodeficiency virus type 1
probed by in vitro interaction with mannose-binding lectins. Biochem Biophys Res

Commun, 274(2):455-460, 2000.

BAEYENS W.R, SCHULMAN S.G, CALOKERINOS A.C, ZHAO Y, GARCIA
CAMPAN A.M, NAKASHIMA K., DE KEUKELEIRE D. Chemiluminescence-based
detection: principles and analytical applications in flowing streams and in

immunoassays. J Pharm Biomed Anal,17:941-953, 1998.

BAINTNER K., JAKAB G., GYORI Z., KISS P. Binding of FITC-labelled lectins to

the gastrointestinal epithelium of the rat. Path Onc Res, 6(3):179-182, 2000.

BELTRAO E.I.C., CORREIA M.T.S.; FIGUEREDO-SILVA J.; COELHO L.C.B.B.
Binding evaluation de isoform Cratylia mollis lectin to human mammary tissues. Appl

Biochem Biotechn, 74:125-134, 1998.



BELTRAO, E.I.C., CABRAL, T.A., FIGUEREDO-SILVA, J., COELHO, L.C.B.B,,
CARVALHO-JR, L.B. Infiltrating ductal mammary carcinoma: a lectin histochemistry

study. Anais Fac Med Univ Fed Pernambuco, 46(1):32-35, 2001.

BELTRAO E.I.C., MEDEIROS P.L., RODRIGUES 0.G., FIGUEREDO-SILVA J.,
VALENCA M.M., COELHO L.C.B.B., CARVALHO-JR L.B. Parkia pendula lectin as
histochemistry marker for meninge tumor. Eur J Histochem, v27; issue 2 [Apr-

Jun]:139-142, 2003.

BOYD W.C., SHAPLEIGH E. Specific precipitating activity of plant agglutining

(lectins). Science, 199:419-125, 1954

BROOKS S.A., LEATHEN A.J.C. Expression of alpha-GalNac Glycoproteins by

Breast Cancers. Brit J Cancer, 71:1033-1038, 1995.

BROOKS S.A. The involvement of Helix pomatia lectin (HPA), binding N-
acetylgalactosamine glycans in cancer progression. Histol Histopathol; 15(1):143-58,

2000.

BROOKS S.A., CARTER T.M. N-acetygalactosamine and sialic acid expression in

primary breast cancers, Acta Histochemica, 103 (1): 37-5, 2001.

CALVO A., PASTOR L.M., BONET S., PINART E., VENTURA M. Characterization
of the glicoconjugates of boar testis and epididymis. J Reprod Fertiliz, 120(2):325-

335, 2000.



CAMPBELL AK, HALLET MB, WEEKS I. Chemiluminescence as na analytical tool

in cell biology and medicine. Methods in Biochemical Analysis, 31: 317-416, 1985.

COELHO L.C.B.B & SILVA M.B.R. Simple method to purify milligram quantities of
the galactose-specific lectin from the leaves of Bauhinia monandra. Phytochemistry

Analysis, 11:295-300, 2000.

DANGUY A., CAMBY 1., KISS R. Galectins and cancer. Biochim Biophys Acta,

1576 (2-3):285-93, 2002.

DANPHY J.L., BARCHAM G.J.,, BISCHOF R.J., YOUNG A.R. NASH A. MEEUSEN
E.N.T. Isolation and characterization of a novel eosinophyl-specific galectin released
into the lungs in response to allergen challenge. J. Biol. Chem., 277(17): 14916-14924,

2002.

DALZIEL M., MCFARLANE 1., AXFORD J.S. Lectin analysis of human
immunoglubulin G N-glycan syalyation. Glycoconjugate Journal, 16(12):801-807,

1999.

DAZZO F.B., TRUCHET G.L. Interactions of lectins and their saccharide receptors in

the Rhizobium-legume symbiosis. J Membrane Biology, 73:1-16, 1983.

DULLMAN J., FELDHAUS S, VAN DAMME EJ., PEUMANS W.J,

SCHUMACHER U. Lectin histochemistry of the spleen: a new lectin visualizes the



stromal architeture of white pulp and the sinuses of red pulp. Journal of

Histochemistry and Cytochemistry, 48(7):923-931, 2000.

ENGLAND K.A., VINCENT J.J., STRAUSBERG R., BYUNKOOK L., PASTAN I.
Discovery of the breast cancer gene BASE using a molecular approach to enrich for

genes encoding membrane and secreted proteins. PNAS, 100:1099-1104, 2003

GARCIA-CAMPANA A.M., BAEYENS W.R.G, ZHANG X.R., SMET E., VAN DER
WKEN G., NAKASHIMA K., CALOKERINOS A.C. Detection in the liquid phase

applying chemiluminescence. Biomedical Chomatography, 14:166-172, 2003.

GOLDSTEIN 1.J., HUGHES R.C., MONSIGNY M., OSAWA T., SHARON N. What

should be called a lectin? Nature, 285:66-72, 1980.

GREEN E.D., BAENZIGER U.J. Characterization of oligosaccharides by lectin affinity
high-performance liquid chromatography. Trends Biochemistry Science, 14:168-71,

1989.

HCP — Hospital do Céncer de Pernambuco http://www.hcp.gov (em 25 de janeiro de
2004)

HELING M., KNOLLE J., BAHN H., GABIUS H.J., RICHTER K.K., RATH F.W,,
HINZE R. Glycohistochemical monitoring of chemically induced sarcomas at different

stages of tumorigenesis. In Vivo,14(4), 499-506, 2000.



INCA - Instituto Nacional do Céancer <http:/ www.inca.gov> (em 25 de janeiro de

2004)

KANEKO T., KOMIYAMA K. HORIE N., TSUCHIYA M., MORO I,
SHIMOYAMA T., A histochemical study of inflammatory lesions of the maxillary

sinus mucosa using biotinylated lectins. Journal of Oral Science, 42(2): 87-91, 2000.

KATINK-PRASTOWSKA |I. Haptoglobin glycoforms in a case of carbohydrate-

deficient glycoprotein syndrome. Glycoconjugate Journal, 16(10):573-577, 1999.

KAWAGISHI H., SILBERSTEIN L., FLEMINGER G., GALUN M. Purification and
characterization of a lectin from the mushroom Mycoleptodonoides aitchisonii.

Phytochemistry, 56:53-58, 2001.

KENNEDY J.F., PAIVA P.M.G., CORREIA M.T.S., CAVALCANTI M.S.M.,
COELHO L.C.B.B. Lectins, versatile proteins of recognition: a review. Carbohydrate

Polymers, 24:219-30, 1995.

KHANG N.Q., JEAN-LUC G., JOHAN H. A blood group A specific lectin from the

seeds of Crotalaria striata. Biochimica & Biophysica Acta, 1033:210-3, 1990.

KIATIPATTANASAKUL W., NAKAYAMA H., NAKAMURA S., DOI K. Lectin
histochemistry in the aged dog brain. Acta of Neuropathology (Berl), 95(3):261-268,

1998.



KOMATH S.S., BHANU K., MAIYA B.G., SWANY M.J. Binding of porphyrins by
the tumour-specific lectin, jacalin. Biosci Rep, 20(4):265-276, 2000.
KRICKA L.J. Clinical applications of chemiluminescence. Analytica Chimica Acta,

500: 279-386, 2003.

KRUPP M.A., CHATTON M. J. Current Medical Diagnosis Large Medical

Publications, 416-417, 1980.

LEHR CM Lectin-mediated drug delivery: the second generation of bioadhesives. J

Controlled Release, 65:19-29, 2000.

LIENER L.E., SHARON N., GOLDSTEIN I.J. The Lectins. Properties, Functions, and

Applications in Biology and Medicine. Academic press, Inc. NY, 1986.

NISHIMURA A., SAWADA S., USHIYAMA |, YAMAMOTO Y., NAHAGAWA T.,
TANEGASHIMA A., NISHI K. Lectin-histochemical detection of degenerative
glycoconjungate deposits in human brain. Forensis Science International, 113(1-

3):265-269, 2000.

PARKIN, D. M., BRAY, F. |, DEVESA, S. S., (ed.). Cancer burden in the year 2000.

The global picture. European Journal of Cancer, v.37, p. S4-S66, 2001.

PEUMANS W.J.,, VAN DAMME E.J.M. Plant lectins: specific tools for the
identification, isolation and characterization of O-linked glycans. Crit Rev Biochem

Molec Biol, 33(3):209-258, 1998.



PILLAI K.R., REMANI P., KANNAN S., MATHEW A, SUJATHAN K,
VIJAYAKUMAR T., NAIR M.K. Jack fruit lectin-specific glycoconjugate expression
during the progression of cervical intraepithelial neoplasia: a study on exfoliated cells.

Diagn Cytophatol, 10(4):342-346, 1994.

PONCHEL G., IRACHE J.M. Specific and non-specific bioadhesive particulate systems
for oral delivery to the gastrointestinal tract. Adv. Drug Delivery Rev., 34: 191-219,

1998.

REMANI P., PILLAI K.R., HASEENABEEVI V.M., ANKATHIL R., BHATTATHIRI
M., NAIR M.K., VIJAYAKUMAR T. Lectin cytochemistry in the exfoliative cytology

of uterine cervix. Neoplasma, 41: 39-42, 1994,

RODA A, PASINI P, GUARDIGLI M, BARALDINI M, MUSIANI M, MIRASOLI M
Bio-and chemiluminescence in bioanalysis. Fresenius J Analyt Chem, 366:752-759,

2000.

SAMES K., SCHUMACHER U., HALATA Z., VAN DAMME E.J., PEUMANS W.J.,
ASMUS B., MOLL R., MOLL I. Lectin and proteoglycan histochemistry of Merkel cell

carcinomas. Exp Dermatol; 10 (2):100-9, 2001.

SHARON N., LIS H. Legume lectins — a large family of homologous proteins. Fed.

Amer. Soc. Exp. J., 4:3198-3208, 1990.



WAKUI S., FURUSATO M., TAKAHASHI H., MOTOYA M., USHIGOME S. Lectin
histochemical evaluation of glycoconjugates in dog efferent ductules. J. Anatomy,

188:541-546, 1996.

WANG H., NG T.B. A novel lectin from the wild mushroom Polyporus adusta.

Biochem Biophy Res. Com., 307:535-539, 2000.

WEEKS J., STURGESS M.L, BROWN R.C, WOODHEAD J.S. Immunoassay using

acridinium esters. Meth Enzymology,133:366-387, 1986.

WHO Classification of Tumours. (Eds. Kleihues, P. and Cavenee, W.K.) IARC Press,

Lyon, France, 2000.

VAN DEN BRULE F.A., WALTREGNY D., CASTRONOVO V. Increased expression
of galectin-1 in carcinoma-associated stroma predicts poor outcome in prostate

carcinoma patients. J Pathol; 193(1):80-7, 2001.

YAMASAKI N., SEKI T., WAKABAYASHI M., NAKAGAWA T., IMAMURA M.,
TAMAI T., NISHIMURA A., INOUE K., OKAMURA A., ARITA S., HARADA K.
Usefulness of Lens culinaris agglutinin A-reactive fraction of alpha-fetoprotein (AFP-
L3) as a marker of distant metastasis from hepatocellular carcionoma. Oncol Rep;

6(6):1229-32, 2000.

ANEXO



Instrucdes para Autores

Biotechnology Letters

Manuscript Submission

Now with online submission of manuscripts and free colour for outstanding papers! As
Biotechnology Letters is a rapid publication journal, we print directly from authors'
disks. No proofs are issued to authors. It is therefore imperative that authors ensure their
papers are accurate and comply with following instructions as closely as possible. The
Editorial Policy is not to re-write poorly presented papers. Please also read the Guidance
Notes given at the end of these instructions.

Kluwer Academic Publishers require the submission of manuscripts and figures in
electronic form in addition to a hard-copy printout. The preferred storage medium for
your electronic manuscript is a 3 1/2 inch diskette. Please label your diskette properly,
giving exact details on the name(s) of the file(s), the operating system and software
used. Always save your electronic manuscript in the wordprocessor format that you use;
conversions to other formats and versions tend to be imperfect. In general, use as few
formatting codes as possible. For safety's sake, you should always retain a backup copy
of your file(s). After acceptance, please make absolutely sure that you send the latest
(i.e., revised) version of your manuscript, both as hard-copy printout and on diskette.

Kluwer Academic Publishers prefer papers submitted in word processing packages such
as MS Word or WordPerfect, running under operating systems MS DOS or Windows.

For the purpose of reviewing, articles for publication can be submitted either as hard-
copy printout (2-fold) with 2 diskettes to:

Mrs E.J. Sparke

Editorial Assistant for Biotechnology Letters

Department of Biological Sciences

University of Hull

Hull HU6 7RX

U.K.

or as an e-mail attachment in Word or Wordperfect (not in Mac). Figures can be
submitted as TIFF, EPS (Canvas) files. Papers submitted electronically should be sent
to the Editorial Secretary: Mrs E.J. Sparke at: E.J.Sparke@hull.ac.uk

In each case, a covering letter indicating the novelty, urgency or timeliness of your
communication should be enclosed. Please also include copies of any papers referred to
as 'in press'.

Reviewing Procedure
In addition to the two copies sent to the Editorial Assistant, a further copy of the

manuscript should be sent either electonically or by hard copy to the most appropriate
member of the Editorial Board who will then make the arrangements for refereeing (see



list of Editorial Board members either on this website or in the current print issue of
Biotechnology Letters for areas of interest and addresses but please note some Board
Members do NOT list their e-mail address). Reviewing is normally completed within
four weeks. Inform the Editor to whom the paper has been sent for review.

Manuscript Presentation

The journal's language is English. British English or American English spelling and
terminology may be used, but either one should be followed consistently throughout the
article. Manuscripts should not exceed 6 pages of text (including references, tables and
figures). Manuscripts should be printed or typewritten on A4 or US Letter bond paper,
one side only, leaving adequate margins on all sides to allow reviewers' remarks. Please
double-space all material, including tables, legends to figures, notes and references.
Quotations of more than 40 words should be set off clearly, either by indenting the left-
hand margin or by using a smaller typeface. Use double quotation marks for direct
quotations and single quotation marks for quotations within quotations and for words or
phrases used in a special sense.

Number the pages consecutively with the first page containing:

title

author(s)

affiliation(s)

full address for correspondence, including fax number and e-mail address but
NOT telephone number

» key words

» then leave a space of 4 cm for insertion (by Editor) of handling dates

4
4
4
4

Title

This must be informative and give key details of the work described. Do not use phrases
such as 'The effect of..." or 'Study of ...". Please give an explicit clear title and include
mention of the biological system being used.

Key Words

Please provide up to 5 key words or short phrases in alphabetical order.

Abstract

Please provide a short abstract of not more than 5 printed lines in the final paper. The
abstract should not contain any undefined abbreviations or unspecified references.

Imprecise or qualitative statements should be avoided as should redundant words and
phrases. Quantitative values of key data should be provided whenever possible.

Symbols and Units
Mathematical units should be set out economically but unambiguously. A solidus can be

used for simple fractions or units - for example mi/h - but the double solidus is to be
avoided - for example kg/m*h is correct but g/l/h is not. Units can also be given as g I"*



etc. but the style must be consistent. Terms such as ppm are not encouraged; use mg I™*
etc. as appropriate. Concentrations should be given, for example, as g ethanol I not g I
! ethanol. Uncommon units, symbols and all non-standard abbreviations must be
defined at their first appearance but a minimum number of abbreviations is preferred. A
list of abbreviations, if needed, should be provided before the Introduction.

Figures and Tables
Submission of electronic figures

In addition to hard-copy printouts of figures, authors are encouraged to supply the
electronic versions of figures in either Encapsulated PostScript (EPS) or TIFF format.
Many other formats, e.g. Microsoft Postscript, PiICT (Macintosh) and WMF (Windows),
cannot be used and the hard copy will be scanned instead.

Figures should be saved in separate files without their captions, which should be
included with the text of the article. Files should be named according to DOS
conventions, e.g., 'figurel.eps'. For vector graphics, EPS is the preferred format. Lines
should not be thinner than 0.25 pts and in-fill patterns and screens should have a density
of at least 10%. Font-related problems can be avoided by using standard fonts such as
Times Roman and Helvetica. For bitmapped graphics, TIFF is the preferred format but
EPS is also acceptable. The following resolutions are optimal: black-and-white line
figures - 600 - 1200 dpi; line figures with some grey or coloured lines - 600 dpi;
photographs - 300 dpi; screen dumps - leave as is. Higher resolutions will not improve
output quality but will only increase file size, which may cause problems with printing;
lower resolutions may compromise output quality. Please try to provide artwork that
approximately fits within the typeset area of the journal. Especially screened originals,
i.e. originals with grey areas, may suffer badly from reduction by more than 10-15%.

AVOIDING PROBLEMS WITH EPS GRAPHICS

Please always check whether the figures print correctly to a PostScript printer in a
reasonable amount of time. If they do not, simplify your figures or use a different
graphics program.

If EPS export does not produce acceptable output, try to create an EPS file with the
printer driver (see below). This option is unavailable with the Microsoft driver for
Windows NT, so if you run Windows NT, get the Adobe driver from the Adobe site
(www.adobe.com).

If EPS export is not an option, e.g., because you rely on OLE and cannot create separate
files for your graphics, it may help us if you simply provide a PostScript dump of the
entire document.

HOW TO SET UP FOR EPS AND POSTSCRIPT DUMPS UNDER WINDOWS

Create a printer entry specifically for this purpose: install the printer 'Apple Laserwriter
Plus' and specify 'FILE": as printer port. Each time you send something to the 'printer’
you will be asked for a filename. This file will be the EPS file or PostScript dump that
We can use.



The EPS export option can be found under the PostScript tab. EPS export should be
used only for single-page documents. For printing a document of several pages, select
'‘Optimise for portability' instead. The option '‘Download header with each job' should be
checked.

Submission of hard-copy figures

If no electronic versions of figures are available, submit only high-quality artwork that
can be reproduced as is, i.e. without any part having to be redrawn or re-typeset. The
letter size of any text in the figures must be large enough to allow for reduction.
Photographs should be in black-and-white on glossy paper. If a figure contains colour,
make absolutely clear whether it should be printed in black-and-white or in colour.
Figures that are to be printed in black-and-white should not be submitted in colour.
Figures that are in colour and are considered by the Editor to be an essential feature of
the paper may be included without cost to the authors. Authors who wish to have figures
printed in colour and for which colour is not regarded as essential will be charged for
this service. The decision will be taken by the Editor and the authors advised
accordingly.

Each figure and table should be numbered and mentioned in the text. The approximate
position of figures and tables should be indicated in the margin of the manuscript. On
the reverse side of each figure, the name of the (first) author and the figure number
should be written in pencil; the top of the figure should be clearly indicated. Figures and
tables should be placed at the end of the manuscript following the Reference section.
Each figure and table should be accompanied by an explanatory legend or footnotes to
make their content self-evident without resource to the text. Relevant procedures may
be placed in the legends rather than in the text under Methods and materials. The figure
legends should be grouped and placed on a separate page. Figures are not returned to the
author unless specifically requested.

In tables, footnotes are preferable to long explanatory material in either the heading or
body of the table. Such explanatory footnotes, identified by superscript letters, should
be placed immediately below the table. Titles and footnotes to tables accompany the
table itself.

Section Headings

First-, second-, third-, and fourth-order headings should be clearly distinguishable but
not numbered.

Appendices

Supplementary material should be collected in an Appendix and placed before the
Reference section.

Notes
Please use footnotes rather than endnotes. Notes should be indicated by consecutive

superscript numbers in the text. A source reference note should be indicated by means
of an asterisk after the title. This note should be placed at the bottom of the first page.



Cross-Referencing

In the text, a reference identified by means of an author's name should be followed by
the date of the reference in parentheses and page number(s) where appropriate. When
there are more than two authors, only the first author's name should be mentioned,
followed by ‘et al.". In the event that an author cited has had two or more works
published during the same year, the reference, both in the text and in the reference list,
should be identified by a lower case letter like 'a’ and 'b' after the date to distinguish the
works.

Examples:

(Winograd 1986a,b)

(Winograd 1986, Flores et al. 1988)
(Bullen & Bennett 1990)

Acknowledgements

Acknowledgements of people, grants, funds, etc. should be placed in a separate section
before the References.

References

References to books, journal articles, articles in collections and conference or workshop
proceedings, and technical reports should be listed at the end of the article in
alphabetical order. Articles in preparation or articles submitted for publication,
unpublished observations, personal communications, etc. should not be included in the
reference list but should only be mentioned in the article text (e.g., T. Moore, personal
communication).

References to books should include the author's name; year of publication; title; page
numbers where appropriate; publisher; place of publication, in the order given in the
example below.

Smith JE (1996) Biotechnology, 4th edn. London: Arnold.

References to articles in an edited collection should include the author's name; year of
publication; article title; editor's name; title of collection; first and last page numbers;
publisher; place of publication, in the order given in the example below.

Smith K, Wesson U (2001) Rotary discharge system. In: Cobley UT, Pierce T, eds.
Bioengineering Reports, VVol. 17. Nevada: Boot Hill Press, pp. 69-96.

References to articles in conference proceedings should include the author's name; year
of publication; article title; editor's name (if any); title of proceedings; first and last page
numbers; place and date of conference; publisher and/or organization from which the
proceedings can be obtained; place of publication, in the order given in the example
below. These must be within the public domain and the corresponding ISSN or ISBN
should be given.



Shin SH, Chi HJ (2001) Studies of tissue culture of some medicinal plants. In: Proc. 3"
Int. Symp. on New Drug Development from Natural Products, May 2-3, Seoul, pp. 79-
95. ISSN 0 521 77074.

References to articles in periodicals should include the author's name; year of
publication; article title; abbreviated title of periodical; volume number (issue number
where appropriate); first and last page numbers, in the order given in the example
below. The correct abbreviations of journals should be given according to Chemical
Abstracts or J.Biol. Chem.

Selmi B, Gontier E, Ergan F, Thomas D (1997) Enzymatic synthesis of tricaprylin in a
solvent-free system: lipase regio-specificity as controlled by glycerol adsorption on
silica gel. Biotechnol. Tech. 11: 543-547.

References to technical reports or doctoral dissertations which also must be within the
public domain, should include the author's name; year of publication; title of report or
dissertation; institution; location of institution, in the order given in the example below.

Koziarz J (2001) Adhesion and immobilization of bacteria on hydrophobic cloths. MSc
Thesis. Ottawa, Canada: Carleton University.

Proofs

Proofs will be sent to the Publisher who will arrange the proofreading. No proofs are
issued to authors. It is therefore imperative that the text of a submitted paper be
thoroughly checked before submission.

Offprints

Fifty offprints of each article will be provided free of charge. An order form for
additional offprints will be sent to the corresponding author. The corresponding author
receives a copy of the issue containing her/his article free of charge.

Page Charges and Colour Figures

No page charges are levied on authors or their institutions. Colour figures can be
published without charge if the Editor agrees that the use of colour is essential.
Otherwise the cost of colour printing has to be passed on to the author.

Copyright

Authors will be asked, upon acceptance of an article, to transfer copyright of the article
to the Publisher. This will ensure the widest possible dissemination of information
under copyright laws.

Permissions

It is the responsibility of the author to obtain written permission for a quotation from
unpublished material, or for all quotations in excess of 250 words in one extract or 500



words in total from any work still in copyright, and for the reprinting of figures, tables
or poems from unpublished or copyrighted material.



