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RESUMO

As lectinas sdo proteinas que apresentam a capacidade de se ligar de maneira
especifica e reversivel a carboidratos, exibindo distintos efeitos biolégicos. Neste
trabalho, realizou-se uma revisdo de literatura sobre os efeitos biol6gicos da lectina
extraida das sementes da Canavalia brasiliensis (ConBr), uma planta presente no
Nordeste e Sul do Brasil, que é conhecida popularmente como feijdo bravo do Ceara.
Além disso, realizou-se um estudo para analisar a atividade moduladora da ConBr
sobre esplendcitos murinos, verificando-se sua acao sobre a proliferacéo e viabilidade
celular, produgéo de citocinas e 6xido nitrico (NO). Realizou-se também, um estudo
para avaliar o efeito da ConBr sobre células B16F10 de melanoma murino, analisando-
se a inibicdo da proliferacdo e migracdo celular, bem como a inducdo de apoptose e
sintese de citocinas e NO. Os resultados demostraram que a ConBr induziu nas
concentracdes de 2.5, 5.0 e 10 ug/ml promoveu a proliferacdo de esplendcitos, com alto
indice de viabilidade celular. Além disso, a concentracdo de 10 pg/ml induziu a
producdo de citocinas e Oxido nitrico. Em células B16F10 de melanoma murino,
observou-se que a ConBr inibiu a proliferacdo das células tumorais promovendo
apoptose celular. Verificou-se ainda, a producdo de 6xido nitrico e da citocina IL-12
pelas células submetidas ao estimulo. A lectina ConBr possue um potencial uso
biotecnolégico como mitdgeno e agente antitumoral.

Palavras — chave: atividade proliferativa, Canavalia brasiliensis, lectinas, lectinas

ligadoras de glicose/manose,



ABSTRACT

Lectins are proteins that bind specifically and reversibly to carbohydrates,
showing several biological effects. In this work, we carried out a literature review about
biological effects of lectin extracted from seeds of Canavalia brasiliensis (ConBr), a plant
present in the northeastern and southern Brazil, which is popularly known as wild bean
of Ceara. In addition, we carried out a study to analyze the modulating activity of ConBr
on murine splenocytes, verifying its effect on cell viability and proliferation, cytokine and
nitric oxide (NO) production. We have also performed a study to evaluate ConBr effect
on B16F10 murine melanoma cells by analyzing the inhibition of cell proliferation and
migration as well as apoptosis induction and synthesis of cytokines and NO. The results
show that ConBr induced at concentrations of 2.5, 5.0 and 10 pug/ml promoted the
proliferation of splenocytes, with high cell viability. Furthermore, the concentration of 10
pg/ml induced cytokine production and nitric oxide on B16F10 murine melanoma, it was
observed that ConBr inhibited tumor cell proliferation inducing apoptosis. It was also
observed nitric oxide and IL-12 production by B16F10 cells under stimulus. ConBr lectin
possesses a biotechnological potential use as a mitogen and anti-tumor agent.

Keywords: Canavalia brasiliensis, ConBr, lectins, glucose/mannose binding-

lectin, proliferative activity
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Fig. 1 Splenocytes proliferation. Murine splenocytes (10° cells/ml) were stimulated by
ConBr (2.5-10 ug/ml) and ConA (2.5 pg/ml) for 72 h at 37°C in a humidified atmosphere
of 5% CO.,. Non-stimulated splenocytes cultured under the same conditions were used
as a control. Increases in cell number were measured using the [3H]-thymidine assay
method. Values represent the mean + SD of three replicates. Statistical analysis was
done using the Prism 5.0 software. Differences were considered significant at p < 0.05
as compared to the
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Fig. 2 IL-2 production in cell cultures. Cells cultured, in vitro, with ConBr and ConA
lectins at 24 h, 48 h, 72 h, and 6 days, respectively. ConBr induced higher IL-2
production at all experimental times relative to control cultures, and at 48 and 72 h as
compared to ConA stimulated cultures. Values represent the mean = SD of six
independent experiments per group. Differences were considered significant at p < 0.05
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Fig. 3 IL-6 production in cells cultured with ConBr and ConA stimuli. Cells cultured, in
vitro, with ConBr and ConA lectins at 24 h, 48 h, 72 h, and 6 days, respectively. Higher
IL-6 production was observed for both lectins relative to the control at all experimental
times. ConA produced higher IL-6 as compared to ConBr at 48 h. Values represent the
mean = SD of six independent experiments per group. Differences were considered

significant at p < 0.05 as compared to control

Fig. 4 IFN-y production in splenocytes cultivated with ConBr and ConA stimuli. Cells
cultured, in vitro, with ConBr and ConA lectins at 24 h, 48 h, 72 h, and 6 days,
respectively. Non-stimulated splenocytes cultured under the same conditions were used
as the controls. ConBr and ConA stimuli produced similar levels of IFN-y in all
experimental groups and produced significantly higher IFN-y as compared to control
cultures. Only at 24 h did ConBr produce higher levels of IFN-y as compared to ConA.
Values represent the mean = SD of six independent experiments per group. Differences

were considered significant at p < 0.05 as compared to control



Fig. 5 IL-10 production in cells cultured with ConBr and ConA stimuli. Cells cultured, in
vitro, with ConBr and ConA lectins at 24 h, 48 h, 72 h, and 6 days, respectively. ConA
produced significantly higher IL-10 as compared to control values after 24 h and 6 days
of culture. ConBr also induced higher IL-10 production and was superior to control and
ConA cultures at 48 and 72 h. Values represent the mean + SD of six independent
experiments per group. Differences were considered significant at p < 0.05 as compared
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Fig. 6 NO production in Balb/c splenocytes treated with ConBr and ConA lectins.
Splenocytes (10° cells/ml) were stimulated by ConA (2.5 pg/ml) and ConBr (2.5-10
pug/ml) for 24 h, 48 h, 72 h, and 6 days. Non-stimulated cells were used as negative
controls. Supernatants were collected, and the nitrite (NO) concentration from the
supernatants was determined using the Griess reagent as described in the Materials
and Methods. Data represent the means + SD of two independent observations
performed in triplicate. Differences were considered significant at p < 0.05 as compared
to the ConA positive control and negative control
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Fig. 7 The effect of lectins on splenocyte viability. A—cell death at 24 hours. ConBr and
ConA induced increased apoptosis and late apoptosis as compared to the control. At the
same time, ConA induced higher rates of necrosis as compared to ConBr and the
control. B—cell death at 48 hours. ConBr induced increased apoptosis as compared to

the control, late apoptosis as compared to the control and ConA, and necrosis only with



respect to ConA, and not the control, at 48 hours. At the same time, ConA induced
higher levels of necrosis as compared to the control. Values represent the mean = SD of

five independent experiments per group. Differences were considered significant at p <

0.05 as compared to the
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Fig. 1 Effect of ConBr on the proliferation of murine melanoma B16F10 cells. Inhibition
of proliferation was calculated according to materials and methods with date obtained
from quadruplicate experiments. Cells (3 X 10°) were treated with differents ConBr

concentrations at 24 h (A) @and 48 h (B)......ccocoeiiiiiiiiee e 99

Fig. 2 The apoptotic ConBr effect on murine melanoma B16F10 cells at 24 h (A) and 48
h (B). Murine melanoma B16F10 cells (5 X 10° cells/ml) were treated with diferents
ConBr concentrations. Induction of B16F10 cell death was characterized by apoptosis.
ConBr A induced increased apoptosis and late apoptosis as compared to the
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Fig. 3 Effects of ConBr on cell migration in B16-F10 cells. B16-F10 cells (10° were
treated with ConBr (0, 2.5, 5.0, 10, 25, 50, and 100 pg/ml) for 24 h. Cell migration was
determined by cell migration assay. The plates were photographed at 0 and 24 h post-

wounding, and were determined by quantifying the relative proportion wounded at time

Fig. 4 NO production in murine melanoma B16F10 cells with ConBr. Cells (5 X 10°

cells/ml) were stimulated by ConBr (2.5, 5.0,10, 25, and 50 pug/ml) for 24 h and 48 h (A



and B respectively). Non-stimulated cells were used as negative controls. Supernatants
were collected, and the nitrite (NO) concentration from the supernatants was determined
using the Griess reagent as described in the Materials and Methods. Data represent the
means + SD of two independent observations performed in triplicate. Differences were
considered significant at p < 0.05 as compared to the ConA positive control and
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Fig. 5 IL-12 production in murine melanoma B16F10 cells with ConBr. Cells (5 X 10°
cells/ml) were stimulated by ConBr (2.5, 5.0,10, 25, and 50 pg/ml) for 24 h and 48 h (A
and B respectively). Non-stimulated cells were used as negative controls. Supernatants
were collected, and the IL-12 concentration from the supernatants was determined using
an enzyme-linked immunosorbent assay from Kit OptEIA (BD Biosciences, San Diego,
CA, USA). Data represent the means + SD of two independent observations performed in
triplicate. Differences were considered significant at p < 0.05 as compared to the ConA
positive control and negative control
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INTRODUCAO

Imunomoduladores sdo agentes capazes de modificar a resposta imune,
podendo o efeito ser estimulatério ou inibitério. Os agentes estimulantes ou adjuvantes
imunes, além de serem capazes de restaurar a resposta imune normal, estimulam o
estado imunoldgico dos individuos susceptiveis a invasdes por agentes devido a fatores
ambientais (DUTTA, 2002). Uma variedade de substancias, como polissacarideos,
lectinas, peptideos, saponinas, Oleos e outras oriundas de plantas sdo capazes de
estimular o sistema imune, apresentando atividade imunomoduladora (LIMA, 2007).

As proteinas bioativas, incluindo as lectinas, podem constituir-se em um
importante agente imunomodulador e antitumoral (GONZALEZ DE MEJIA e
PRISECARU, 2005). Lectinas sdo proteinas ou glicoproteinas que possuem a
habilidade de se ligar especificamente a mono ou oligossacarideos de forma reversivel
(HONG et al., 2001), constituindo um grupo heterogéneo de proteinas de origem nao
imunologica, de distribuicdo ubiqua na natureza (SHARON e LIS, 2001). Entre as
atividades biologicas das lectinas, incluem-se aglutinacdo celular, apoptose, mitose,
toxicidade e inibicdo do crescimento celular. Algumas lectinas tém demonstrado induzir
a apoptose, o que poderia explicar sua citotoxicidade (KOYAMA et al., 2002).

Varias lectinas tém demonstrado possuir atividade imunomoduladora e
antitumoral in vivo e in vitro; elas tém sido utilizadas como agentes terapéuticos, sendo
capazes de se ligar a membrana celular ou seus receptores, causando citotoxicidade,
apoptose e inibicdo do crescimento tumoral (GONZALEZ DE MEJIA e PRISECARU,
2005).

A ConBr, lectina extraida das sementes da Canavalia brasiliensis tem
especificidade para D-glicose/D-manose, tendo sido isolada pela primeira vez por
Moreira e Cavada (1984). Esta lectina tem sido utilizada em diferentes modelos
biol6égicos demonstrando efeitos moduladores sobre diferentes tipos celulares como
linfécitos (BARRA-NETTO et al.,, 1992; BARBOSA et al., 2001 ), macréfagos
(RODRIGUEZ et al., 1992), mastocitos (GOMES et al., 1994), células peritoneais
(ANDRADE et al., 1999) e esplendcitos (SILVA et al., 2011).
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Os produtos naturais sdo uma importante fonte de possiveis agentes com
potencial terapéutico, sendo uma alternativa para a busca de novas substancias com
propriedades farmacologicas. Entre as moléculas com possivel atividade
imunomoduladora, destacam-se as lectinas, que sdo proteinas que tém demonstrado
diversas atividades biolégicas, sendo capazes de estimular o sistema imune e
consequentemente, constituindo-se numa importante fonte para a pesquisa de novos
agentes terapéuticos, por isso, objetivou-se com este estudo avaliar a atividade
moduladora da lectina extraida a partir das sementes de Canavalia brasiliensis in vitro

sobre esplendcitos e células B16F10 de melanoma murino.



18

OBJETIVOS

OBJETIVO GERAL

e Avaliar a atividade moduladora da lectina isolada das sementes de Canavalia
brasiliensis (ConBr) frente a esplendcitos murinos e células B16F10 de

melanoma murino.

OBJETIVOS ESPECIFICOS

e Avaliar in vitro a atividade moduladora da ConBr, através da proliferacdo e
viabilidade celular em esplendcitos murinos;

e Estabelecer o perfil de citocinas relacionadas a atividade proliferativa induzida
pela ConBr;

e Avaliar a producéo de oxido nitrico induzida pela lectina ConBr;

e Analisar o efeito da ConBr sobre células B16F10 de melanoma murino por meio
da proliferacdo e apoptose celular, bem como da producéo de citocinas e 6xido

nitrico.
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1. REVISAO DE LITERATURA

1.1 Um breve historico sobre as hemaglutininas

O estudo de proteinas que possuem a capacidade de aglutinar eritrocitos teve inicio
no final do século XIX. A primeira descricdo de uma proteina com atividade
hemaglutinante foi feita por Peter Stillmark em 1888, ao isolar uma proteina com
atividade hemaglutinante das sementes de Ricinus communis, a ricina. Posteriormente,
H. Hellin demonstrou a presenca de uma hemaglutinina tdxica, a abrina, em extratos
das sementes de Abrus precatorius (SHARON e LIS, 2004).

Em 1908, Landsteiner e Raubitishek identificaram diferencas nas atividades
hemaglutinantes de varios extratos de sementes, frente a hemdécias de diversas
espécies, evidenciando a seletividade das aglutininas vegetais. A especificidade das
fitohemaglutininas para diferentes grupos sanguiineos foi descrita por Renkonen (1948),
Boyd e Requera (1949), Watkins e Morgan (1952) e Morgan e Watkins (1953). Estes
estudos contribuiram para o estabelecimento das bases quimicas das substancias que
caracterizam 0s grupos sanguineos do sistema ABO (SELL e COSTA, 2000).

Em 1936, Sumner e Howell sugeriram pela primeira vez que a aglutinagdo dos
eritrocitos produzida pela Concanavalina A (ConA), a lectina extraida da Canavalia
ensiformis, seria devido a interacdes entre ela e acucares presentes na superficie das
hemacias, estabelecendo a principal propriedade das lectinas, a afinidade por
carboidratos.

O termo “lectina” tem origem do latim “legere”, que significa “para selecionar”, e
foi proposto por William Boyd em 1954. Atualmente, as proteinas que tém a capacidade
de aglutinar as células vermelhas do sangue sdo conhecidas como “lectinas”. O nome
“‘hemaglutininas” € usado quando a especificidade do agucar é desconhecida. Lectinas
e hemaglutininas sao proteinas/glicoproteinas que possuem pelo menos um sitio nao
catalitico que se liga de maneira especifica e reversivel a mono ou oligossacarideos
especificos sem alterar as propriedades dos carboidratos (LAM e NG, 2011).

As lectinas sdo amplamente distribuidas na natureza, estando presentes em

animais, plantas e microrgansimos, e tém atraido grande interesse devido as varias
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atividades biologicas que apresentam, como aglutinacdo celular, atividade antitumoral,
imunomodulatéria, antifingica, antiviral e inseticida (PENG et al., 2009).

No reino vegetal, as sementes de leguminosas sdo a sua principal fonte,
constituindo de 2 a 10% do total de proteinas das sementes (DIAZ et al., 1999), porém
elas sdo abundantes também em outros tecidos da planta como: raiz, folha, frutas,
flores e casca (RATANAPO et al., 2001).

A aplicabilidade das lectinas oferece muitas vantagens, considerando sua alta
estabilidade e suas distintas especificidades, o que possibilita seu uso como uma
importante ferramenta tanto para propésito analitico como preparativos em bioquimica,
biologia celular, imunologia e areas correlatas. O uso das lectinas em areas clinicas e
na agricultura também teve um desenvolvimento significativo. O emprego de lectinas
como ferramentas biotecnologicas tem sido cada vez mais ampliado, indo desde
reagentes no isolamento de substancias contendo agucares como biofetores e em
bioensaios (SHARON & LIS, 2004).

1.2 Classificacao das lectinas vegetais

Entre as classificacdes propostas para as lectinas vegetais, destacam-se as
relacionadas a estrutura da molécula e a interacdo destas proteinas com carboidratos.

1.2.1 Classificacao das lectinas quanto a estrutura da molécula

Van Damme et al. (2008) classificaram as lectinas em quatro grupos principais:
em quatro grupos: merolectinas, hololectinas, superlectinas e quimerolectias.

As merolectinas sé@o proteinas que possuem apenas um sitio ligador de
carboidrato. Devido a sua natureza monovalente, este grupo de lectinas nao promove a
aglutinacéo celular.

As hololectinas sdo lectinas compostas por dois ou mais sitios de ligacdo a
carboidratos idénticos ou com alta homologia o que as tornam capazes de aglutinar
células elou precipitar glicoconjugados. A maioria das lectinas de plantas isoladas e

caracterizadas pertencem a este grupo de lectinas. Em contraste ao grupo das



21

hololectinas, as superlectinas sdo compostas por pelo menos dois sitios que se ligam a

diferentes carboidratos.
As quimerolectninas sdo um grupo de lectinas constituido por um ou mais

dominios de ligacdo a carboidratos e um dominio de funcao distinta, capaz de agir de

forma independente dos sitios de ligacdo a carboidratos.

Merolectina ) Hololectina

Heveina

Quimerolectina

Figura 1. Representacao das lectinas vegetais de acordo com a estrutura geral.
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Inicialmente essa classificacdo foi feita, em quatro grupos, abrangendo
significativamente inUmeras proteinas vegetais. Entretanto algumas lectinas de plantas,
hoje descobertas e estruturalmente resolvidas, ndo se enquadram especificamente em
nenhuma destas classificacbes. Como exemplo podemos citar a lectina presente na
semente de Parkia platycephala, homéloga a familia das hidrolases. Tal lectina possui
um dominio com capacidade de reagir enzimaticamente com o polissacarideo composto
de monémeros de N-acetyl-D-glucosamina (quitina) e, ao mesmo tempo, dentro deste
mesmo dominio, possui um outro sitio de reconhecimento a carboidrato (CAVADA et
al., 2006).

1.2.2 Quanto ao sitio ligador de carboidratos

As lectinas sdo agrupadas de diversas maneiras, de acordo com suas
propriedades em comum. Algumas lectinas exibem dupla especificidade, combinando-
se simultaneamente com diferentes aclUcares. Por essa razdo, essas proteinas sao
classificadas dentro do mesmo grupo. Algumas lectinas interagem com
monossacarideos de diferentes grupos de especificidade por meio do mesmo sitio
ligante (VAN DAMME et al., 2008).

De acordo com a especificidade de ligacéo a carcarboidratos, as lectinas podem
ser classificadas em monoespecificas ou poliespecificas, quando se ligam a um ou
mais carboidratos, respectivamente. Baseado nessa classifcacdo, as lectinas podem
ser divididas em: lectinas ligadoras de manose, manose/glicose, manose/maltose,
galactose/N-acetilgalactosamina, N-acetilgalactosamina/(N-acetilgalactosamina),
fucose e &cido sidlico (BUTERA et al., 2007).

Com o progresso da andlise estrutural de lectinas e da clonagem dos genes que
as codifcam, obteve-se o sequenciamento de lectinas vegetais. A analise destas
sequéncias permitiu a distincdo de doze familias de acordo com suas espeficidades a
carboidratos: aglutinina homéloga de Agaricus bisporus, amarantinas, homologos de
quitinase classe V, familia cianovirina, familia Euonymus europaeus, proteinas com
dominio de heveina, jacalina, familia das leguminosas, dominios motivo de lisina,

familia Nicotiana tabacu e familia ricina-B (Fu et al., 2011).
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Lectina representativa  Abreviatura Familia Especificidade
Agaricus bisporus ABA Aglutinina  homdloga a Galactose
aglutinina Agaricus bisporus
Amarantinas
Aglutinina relacionada CRA Homélogos da quitinase Glicanos de manose
a quitinase classe V com atividade
lectnica
Cianovirina-N CV-N Familia Cianovirina Manose
Euonymus europaeus EEA Famila EEA Manose/galactose
aglutinina
Polygonatum PCL Familia GNA Manose/acido
cyrtonema siélico
Wheat germ aglutinina WGA Proteinas com domino de N-acetil-D-
heveina glucosamina
Jacalina JAC Jacalinas Manose
Concanavalina A ConA Leguminosas D-manose
Dominio motivo de lisina
Cucurbitaceae phloem CPL Familia Nictaba
European mistletoe ML-1 Familia Ricina-B B-galactose

Fonte: Fu et al., 2011.

1.3

bioldgicos

As lectinas de plantas sao

A interagdo entre lectinas e carboidratos resulta em diferentes efeitos

importantes ferramentas em Glicobiologia e

Glicobioquimica devido a multiplicidade de eventos que se pode conhecer em funcéo
da habilidade de se ligarem a carboidratos. As lectinas tém sido utilizadas na
investigacdo estrutural e funcional de carboidratos complexos, glicoproteinas e para
identificar mudancas decorrentes de processos fisiologicos e patolégicos na superficie
celular. Portanto, o desenvolvimento da Glicociéncia sempre esteve atrelado as
pesquisas com lectinas (RUDIGER et al., 2000; GABIUS et al., 2002).
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O reconhecimento entre proteinas e carboidratos é fundamental em muitos
processos bioldgicos, tais como infecgdes virais, bacterianas e parasitarias, separagao
de células e componentes soluveis, fertilizacdo, crescimento, diferenciacdo e metastase
do cancer. As lectinas sdo o modelo de escolha para o estudo da base molecular
destes eventos de reconhecimento devido a seletividade e especificidade que
apresentam para carboidratos, apesar de possuirem regides estruturais altamente
conservadas (LORIS et al., 1998).

Embora muitas lectinas reconhecam e se liguem a agucares simples tais como
glicose, manose, galactose, N-acetilgalactosamina, N-acetilglucosamina ou fucose, a
afinidade é muito maior para com os constituintes de glicoproteinas: acido sialico e N-
acetilgalactosamina contendo cadeias de glicanos, encontrados em animais e seres
humanos (PEUMANS e VAN DAMME, 1996).

Devido a interacdo especifica das lectinas com os glicoconjugados, seja em
solucdo ou na superficie celular, essas proteinas apresentam atividades bioldgicas
diversas, como: adesdo celular, interacbes célula matriz, apoptose celular e

citotoxicidade em células e organismos (DANGUY et al., 2002).

Figura 2. Ligacdo entre a a-metilmanose e o sitio ligador da ConA. As interacdes
hidrofébicas séo indicadas pelas linhas amarelas, as interacdes eletrostaticas e pontes

de hidrogénio séo ilustradas pelas linhas vermelhas (NEUMANN et al., 2004).
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As propriedades quimicas e biolégicas relatadas até o momento tomam como
referéncia a ligacdo lectina-acicar e um fato interessante neste aspecto é a capacidade
que determinados acucares livres tém de evitar a interacdo entre as lectinas e os
receptores localizados na superfie celular. Esta propriedade € tdo fundamental que as
lectinas podem ser classificadas em grupos de acordo com o carboidrato inibidor. Esta
ligacdo envolve forcas de Van der Wallls, causada por combinacdes de hidrogénios da
proteina com grupos hidroxilas do acucar, geralmente incluindo acoplamento de uma
face hidrofébica do acucar com o lado de aminoacido aroméatico das cadeias peptidicas
(WEIS e DRICKAMER, 1996).

1.4 Leguminosas como fonte de lectinas

Entre as lectinas mais estudadas estdo as originarias de plantas, principalmente
as da familia Leguminosae, representando um grupo de proteinas similares
estruturalmente, porém com diferentes especificidades a carboidratos. A subtribo
Diocleinae (familia Leguminosae) compreende 13 principais géneros dentre os quais
destacam-se os da Canavalia, Cratylia e Dioclea (CAVADA et al., 2001).

A concanavalina A (ConA), lectina extraida das sementes da Canavalia
ensiformis (familia Leguminosae, tribo Phaseoleae, subtribo Diocleinae) foi a primeira
lectina a ser isolada, sequenciada e a ter sua estrutura tridimensional determinada por
cristalografia de raio-X . Os estudos bioquimicos, biofisicos e estruturais realizados com
ConA tornam esta proteina a lectina melhor caracterizada até o momento (CAVADA et
al., 2001).

A partir do isolamento da ConA, outras lectinas com propriedades fisicas
similares foram purificadas e parcialmente caracterizadas a partir de outras espécies da
subtribo Diocleinae incluindo as lectinas da: Canavalia brasiliensis, ConBr (MOREIRA e
CAVADA, 1984), Cratylia floribunda, CFL (OLIVEIRA et al., 1991), Dioclea guianensis,
DGuiL (VASCONCELOS et al., 1991), Canavalia bonariensis, CABO (CAVADA et al.,
1995) e Dioclea violacea, DVioL (MOREIRA et al., 1996) entre outras. Pesquisas

demonstram que apesar de terem alta homologia com a ConA, as lectinas provenientes
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desta subtribo apresentam importantes variacdes em seus efeitos bioldgicos (CAVADA
et al., 2001).

1.5 Alectina da Canavalia brasiliensis (ConBr)

A Canavalia brasiliensis Mart. ex Benth. € uma trepadeira pertencente a familia
Fabaceae, cujos individuos podem atingir de 0,5m a 5m, dependendo do porte
(arbustivo ou arbdéreo) da espécie suporte. As raizes sdo amarelas; as folhas
alternadas, trifolioladas; as flores apresentam coloracdo roxa e as pétalas bastante
perfumadas que estdo reunidas em inflorescéncias do tipo paniculada terminal, com
escapo floral de coloracéo verde-arroxeada. E conhecida popularmente na regido de
estudo como feijdo-de-porco, feijdo bravo ou feijdo bravo do Ceara (GUEDES et al.,
2009). Ela é uma espécie do novo mundo, com distribuicdo geografica natural ampla
estando presente no México, Caribe, Paraguai, Argentina e Nordeste e Sul do Brasil
(SAUER, 1964).

Figura 3. Viséo geral da Canavalia brasiliensis

7

Em relagdo as condi¢cbes de cultivo, a Canavalia brasiliensis é relativamente

tolerante a seca. Por exemplo, no cerrado brasileiro pode ser cultivada com sucesso,
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como adubo verde durante a estacdo seca, sobrevivendo ao periodo de estiagem
(maio-setembro), e sendo muito produtiva em condi¢Bes climéticas mais favoraveis
(BURLE et al., 1999). Além disso,ela cresce rapidamente no inicio das chuvas e, como

resultado pode suprimir as ervas daninhas (CARVALHO et al., 2000).

Figura 4. Distribuicdo geografica da Canavalia brasiliensis

A ConBr é a lectina extraida e isolada das sementes da Canavalia brasiliensis,
planta que pertence a familia Leguminosae, tribo Phaseolae, subtribo Diocleinae. E
uma lectina com especificidade para D-glicose/D-manose (MOREIRA e CAVADA,
1984). Entre os efeitos biolégicos descritos para essa lectina destacam-se: a
capacidade de estimular a proliferagdo de linfécitos e producdo de interferon y
(BARRAL-NETTO et al., 1992), inducéo da liberacéo de histamina em ratos (GOMES et
al., 1994) e de oOxido nitrico (ANDRADE et al., 1999), estimulacdo da producdo de
macréfagos em camundongos C3H/HeJ (RODRIGUEZ et al., 1992), ativacao in vivo de
linfécitos T e inducdo da apoptose celular (BARBOSA et al., 2001), reducéo da glicemia
sanguinea (MESQUITA et al., 2005), atividade cicatrizante (SILVA et al., 2009),
inseticida (FREITAS et al., 2011), antibacteriana (CAVALCANTE et al., 2011) e efeito
neuroprotetor (RUSSI et al., 2012).
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Figura 5. Sementes da Canavalia brasiliensis

1.6 Respostas celulares desencadeadas pelas lectinas vegetais

Em processos normais ou patologicos, as células devem ser capazes de interagir
com o meio ambiente através de sinais, recebendo estes do meio extracelular e
repassando-os para o interior da célula. Para a transducdo desses sinais, além das
interacOes entre proteina extracelular e receptor protéico de superficie celular, outras
interacdes importantes séo as do tipo carboidrato-proteina.

Sabendo-se que todas as células tém um revestimento de carboidrato
complexados a proteinas (glicoproteinas) e a lipidios (glicolipidios) e que as lectinas se
caracterizam pela interacdo com carboidratos, podemos perceber a importancia e o
potencial biolégico dessas moléculas nos processos fisioldgicos e patolégicos através
de sua capacidade de mediar e codificar interagdes celulares (BREWER et al., 2002).

1.6.1 Efeito das lectinas vegetais sobre linfécitos

Lectinas isoladas de diversas fontes vegetais tém demonstrado ser ferramentas
importantes na investigacdo biomédica,sendo utilizadas para a tipificacdo de grupos
sanguineos. A atividade mitogénica de algumas tem sido fundamental para a anélise de
eventos bioquimicos que ocorrem durante a estimulacao de linfécitos in vivo (CRUZ et
al., 2005).

O efeito de lectinas vegetais sobre células do sistema imune foi descrito pela

primeira vez em 1960 por Peter Nowell, na Universidade da Pensilvania, Filadélfia, que
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observou a atividade mitogénica das lectinas de Phaseolus vulgaris, conhecida como
fitohemaglutinina (PHA) ao cultivar leucocitos humanos na presenca da lectina. Em
1970 foram descobertas mais trés lectinas que também possuiam esse mesmo efeito
sobre linfécitos: ConA, Pokeweed (obtida de Phytolacca americana) e Wisteria (obtida
de Wisteria floribunda) (SHARON e LIS, 1989).

Esta acdo mitogénica passou, entdo, a ser amplamente explorada em estudos
morfologicos e funcionais, particularmente dos linfocitos, assim como para o diagnostico
de imunodeficiéncias e monitoracdo dos efeitos de imunossupressores e
imunotergpicos (SHARON, 1983). Presume-se que, em linfécitos T, estas lectinas
ligam-se ao complexo receptor de célula T (TcR) e promovem um sinal co-estimulante
positivo, levando a sintese de IL-2 e seus receptores (KILPATRICK, 1999).

A ConA tem sido utilizada em pesquisas imunolégicas e lectinas isoladas de
outras espécies vegetais tém sido caracterizadas como potentes estimuladores de
respostas imunes. Estudos utilizando a ConA demonstraram que essa atividade
poderia ser inibida por baixas concentracdes de monossacarideos, concluindo desta
forma que a estimulacdo mitogénica esta intimamente relacionada com o sitio de
ligacdo a carboidrato da lectina (SHARON, 1989). Porém Gosh et al (2009) relataram
gue a lectina extraida de Abrus precatorius mesmo quando inativada pelo calor é capaz
de estimular linfécitos T e B, sugerindo que a interagéo lectina-célula pode ser através
de outras regifes da molécula.

Barbosa et al. (2001) verificaram que a lectina ConBr é capaz de ativar linfécitos
T em camundongos. Maciel et al. (2004) demonstraram o efeito mitogénico da lectina

obtida das sementes de Cratylia mollis sobre linfécitos humanos.

1.6.2 Lectinas como moduladores dos macréfagos

Os macréfagos sdo essenciais para a defesa do hospedeiro por serem
mediadores dos processos inflamatorios, através da producdo de citocinas e
quimiocinas que promovem o recrutamento e as agcbes de outras células do sistema

imunologico. ApOs a ativagdo, 0s macroéfagos expressam uma ou mais moléculas
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citotbxicas como peroxidase, proteases citoliticas, 6xido nitrico (NO) e citocinas pro-
inflamatorias (SIVEEN e KUTTAN, 2009).

Na superficie celular dos macréfagos existem receptores com residuos de D-
manopiranosideos aos quais as lectinas podem se ligar, modulando assim a funcao
dessas células de defesa, através do aumento ou diminuicdo das suas funcdes
celulares. Tomioka e Saito (1980) verificaram que macréfagos cultivados com as
lectinas ConA e PHA ndo aumentaram a producao de perdxido de hidrogénio, enquanto
a lectina do gérmen de trigo (WGA) promoveu significante producao desse metabdlito.

Kesherwani e Sodhi (2006) investigaram o efeito das lectinas ConA, PHA e WGA
na ativacdo de macrogafos peritoneais de camundongos e producdo de 6xido nitrico,
observando que as lectinas ConA e WGA estimularam significativamente a producao de
oxido nitrico de maneira dose dependente. Por outro lado, a lectina WGA né&o induziu a

sintese de 6xido nitrico nos macréfagos.

1.6.3 Migracdao de leucécitos induzida por lectinas de plantas

Os neutrdfilos polimorfonucleares (PMNs) possuem um tempo de vida curto na
circulacdo sanguinea porque eles constitutivamente sofrem apoptose celular. Sobre
certas condi¢cdes, PMNs possuem uma funcédo importante como efetores da resposta
imune através da remocao de complexos imunes, fagocitose de particulas opsonizadas
e liberacdo de mediadores inflamatérios. Os PMNs também estdo envolvidos no
processo de inflamag&o cronica e no desencademanto da resposta imune (ABDEL-
SALAM, 2004).

Com relagéo aos efeitos in vivo de lectinas sobre neutrdéfilos, observa-se que elas
possuem efeitos pré-inflamatérios e anti-inflamatérios, dependendo da via de
administracao utilizada, quando séo injetadas nos animais.

Alencar et al. (2005) demonstraram que a AMA, lectina extraida das sementes de
Arum maculatum quando administrada intraperitonealmente em ratos, promove a
migracao de neutrofilos de maneira dose dependente.

Coelho et al. (2006) verificaram que a lectina das sementes de Annona coriacea

promove o influxo de neutrdfilos para a cavidade peritoneal apdés 16 horas da injecéo da
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lectina de maneira dose dependente, resposta que foi acompanhada pelo aumento no
namero de células mononucleares.

Figueiredo et al. (2009) observaram que a lectina isolada das sementes de
Dioclea rostrata, quando injetada por via intraperitoneal, promove a migracdo de
neutrofilos para a cavidade abdominal de maneira dose dependente, observando que o
maior influxo de células inflamatdrias ocorreu apés 24 h da aplicacdo do estimulo.

Efeito diferente foi observado em pesquisas que injetaram a lectina por via
endovenosa, nas quais se observaram que as lectinas apresentam atividade anti-
inflamatdria, o que foi demonstrado em diferentes modelos experimentais: Alencar et al.
(1999) demonstraram que a lectina de Lonchocarpus sericeus (LserL), ligadora de N-
acetil-glicosamina, quando injetada por via endovenosa, inibe a migracdo de células
inflamatorias para a cavidade peritoneal, 0 edema de pata induzido pela carragenina.

Alencar et al. (2005) verificaram que a LserL quando injetada por via endovenosa
diminue a migragéo de células inflamatorias para a cavidade peritoneal em um modelo
de peritonite em ratos Wistar.

Santi-Gadelha et al. (2006) verificaram a atividade anti-inflamatéria da lectina
extraida das sementes de Araucaria angustifélia, quando injetada por via endovenosa

em ratos utilizando modelos de peritonite e edema de pata.

1.6.4 A interacdo entre células e lectinas promove a liberacdo de citocinas

As citocinas sdo polipeptideos ou glicoproteinas extracelulares, hidrossolaveis
produzidas por diversos tipos de células no local da lesdo e por células do sistema
imunoldgico através da ativacdo de proteinoquinases ativadas por mitégenos
(OLIVEIRA et al., 2011).

Elas constituem um grupo de proteinas regulatérias, incluindo interleucinas (ILs),
interferons (IFNs), fatores estimulantes de colbnias (CSFs) e fatores de crescimento
(GFs). Seus efeitos bioldgicos incluem a estimulacdo ou inibicdo da proliferacédo celular,
citotoxicidade/apoptose, atividade antiviral, diferenciagdo e aumento da expresséo de

receptores de membrana celular. As citocinas (tabela 2), especialmente as
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responsaveis pela defesa do hospedeiro, tém sido utilizadas como agentes
bioterapéuticos (MEAGER, 2006).

De acordo com Bilate (2007), as principais caracteristicas das citocinas sao:

1. Uma mesma citocina pode ser produzida por mais de um tipo celular;

2. Uma mesma citocina pode ter diferentes efeitos, dependendo das condi¢cbes do

microambiente — pleiotropismo;

3. Diferentes citocinas podem exercer a mesma funcdo — redundancia,

4. As citocinas podem potencializar ou inibir o efeito de outras citocinas — sinergismo ou

antagonismo, respectivamente;

5. A maioria das citocinas exerce efeitos paracrinos (a¢do sobre células presentes nas
proximidades das células produtoras da citocina) ou efeitos autécrinos (acdo sobre o
tipo celular que a produz). Além disso, algumas citocinas exercem efeitos endécrinos,
agindo sobre células presentes em outros locais que ndo os da célula produtora
daquela citocina.

Pesquisas tém demonstrado que a resposta celular induzida pelas lectinas é
acompanhada pela sintese e secrecdo de citocinas. De acordo com Tripathi e Maiti
(2005), a lectina extraida das sementes de Abrus precatorius in vitro sobre esplendcitos
induz a producao de citocinas como interleucina-2 (IL-2), interferon-y (IFN-y) e fator de
necrose tumoral (TNF-y).

Liu e Park (2007) verificaram que a lectina de Viscum album induz a expressao
de IL-1a, IL-1B, II-6, IL-8 e IFN-y em células mononucleares de sangue periférico e
linfécitos T humanos.

Cheung et al. (2009) verificaram que a lectina extraida da banana Del Monte
(Musa acuminata) promove a proliferacdo de esplendcitos murinos levando a producéo
de IFN-y, IL-2 e TNF-a.
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Tabela 2. Principais citocinas, suas funcdes e implicagdes terapéuticas

Citocina Células produtoras Alvos e efeitos Implicagdo terapéutica
1. Citocinas relacionadas a respostaimune inata
TNF-a Macrofagos, células Vasculatura (inflamagéo); figado (indugdo doengas auto-imunes
dendritcas e células de proteinas da fase aguda), caquexia,
endoteliais morte celular e ativacdo de neutrdfilos
IL-1 Mondcitos, macréfagos, Vasculatura  (inflamacao), hipotdlamo choque séptico (modelos
células  endoteliais e (febre), figado (indugdo de proteinas da experimentais); artite
epiteliais fase aguda) reumatoide (ensaio clinico)
IL-12 Macroéfagos, células Ativa células NK, promove a diferenciagcdo IL-12 - Linfomas; anti-IL-12,
dendriticas de células Thl doenca de Crohn (ensaios
clinicos)
IL-6 Macroéfagos, células Figado (induz proteinas da fase IL-6, cancer (ensaio clinico)
endoteliais e fibroblastos aguda),promove proiferacdo de células B e
secrecao de anticorpos,inibe a
diferenciacéo de células T reguladoras
IFN-a Macréfagos Induz a resposta antiviral, aumenta a IFN recombinante, hepatite
expressdo de MHC classel e ativa células e cancer (uso)
NK
IL-23 Macrofagos Promove a diferenciacéo de células Th 17 Anti-IL-23,  encefalomielite
auto-imune (modelo
exprimental)
2. Citocinas relacionadas a resposta imune adaptativa
IL-2 Células T Induz proliferagéo de células T e B, Anti-receptor de IL-2,
ativacdo de células NK e pode promover rejeicdo de transplantes
morte induzida por ativacéo (modelos experimentais)
IFN-y Células Thl, células T Ativa macréfagos, induz a expressdo de Doenga granulomatosa
CD8+, células NK MHC classe | e classe |l, aumenta crdnica, osteopetrose (em
apresentacao de antigenos uso)
IL-5* Células Th2 Promove diferenciagdo e ativacdo de Anti-IL-5, sindrome
eosindfilos hipereosinofilica
(ensaio clinico)
IL-4 Células Th2, mastécitos Promove a diferenciagdo de células Th2 e IL-4, leucemia  (ensaio
mudanca de classe de anticorpos clinico)
para IgE
IL-17 Células Th17, neutrdfilos Promove inflamagado induzindo a produg¢do Anti-IL-17, doencas auto-
de citocinas inflamatérias como IL-6, IL-1 e imune (modelos
TNF-( em células endoteliais experimentais)
IL-10 Macréfagos, células Inibe proliferacao de células Thl IL-10, psoriase e hepatite C
dendriticas, linfécitos T
reguladores
TGF-p Células T, macrofagos, Inibe proliferacdo de células T e B, inibe TGF-B, cancer (ensaio
fibroblastos ativagé@o de macréfagos, promove mudanga  clinico); anti-TGF-B,
de classe de anticorpos para IgE leishmaniose
diferenciacé@o de células T reguladoras e (modelo experimental)
3. Citocinas relacionadas a hematopoiese

Eritropoetina Hepatocitos Producéo de eritrécitos Epogen, estimula producéo
de eritrdcitos (em uso)
IL-11, Macréfagos, células  Producéo de plaquetas Neumega, estimula a
endoteliais, fibroblastos producé@o de plaquetas (em
uso)
GM-CSF, Células Thl e Th2, Producdo de granulécitos e macrofagos, Leukine, estimula a
macréfagos e mastdcitos maturacgao e ativacdo de células dendriticas  produgdo mieldides apos
células transplante de
medula éssea (em uso)
G-CSF, Macroéfagos, células  Producéo de neutréfilos Neupogen reduz o risco de

endoteliais, fibroblastos

infecc@o em pacientes com
cancer submetidos a
guimioterapia (em uso)

TNF, fator de necrose tumoral; IL, interleucina; IFN, interferon; TGF, fator de crescimento transformante;

GM-CSF, fator estimulante da col6nia de granuldcitos e macréfagos; G-CSF, fator estimulante da coldnia

de granulécitos (Bilate, 2007).
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1.6.5 Lectinas promovem apoptose celular por meio diferentes mecanismos

A apoptose € um processo controlado geneticamente que atua na remocao de
células indesejaveis cujo processo esta envolvido tanto em funcdes fisioldégicas quanto
patologicas, sendo vital para o desenvolvimento normal, para a manutencdo da
homeostasia celular, bem como para manutencdo de um sistema imune efetivo. (BOHM
e SCHILD, 2003). Ela se caracteriza por ocorrer em células individualizadas
geralmente rodeadas por células saudaveis apresentando condensacéao do citoplasma
e nucleo, manutencdo da integridade de organelas, convolugdo da membrana celular
seguida pela sua fragmentacéo e formacao de “corpos apoptoticos”, sem liberagdo do
conteudo do citoplasma no meio extracelular (HORVITZ, 2003).

Esta via de morte celular envolve proteases, chamadas caspases, as quais
clivam diferentes substratos celulares. Dois principais caminhos de ativacdo das
caspases foram descritos e reconhecidos: um envolve a ativagdo dos “receptores da
morte”, que estdo localizados na superficie da célula (via extriseca), e o outro é
provocado por varias formas de estresse, incluindo suporte de citocinas inadequado e
diversos tipos de danos no DNA (via intriseca). Ambos os caminhos da apoptose tém
grupos de proteinas independentes de caspases iniciadoras, e o caminho converge
para a utilizacdo do mesmo grupo de caspases efetoras que executam o final do
programa de morte celular (ADAMS, 2003).

A atividade anti-proliferativa de lectinas tem sido demonstrada in vitro e in vivo,
sugerido que estas proteinas possuem potencial biotecnolégico como agentes
terapéuticos. As lectinas sédo capazes de se ligar a receptores localizados na superficie
de células cancerigenas promovendo citotoxicidade. Inibicdo do crescimento tumoral e
apoptose celular (de MEJIA & PRISECARU, 2005).

Foi demonstrado por Huyen et al. (2002) que extratos das lectinas de Viscum
album induzem a apoptose de células endoteliais in vitro, 0 que poderia explicar o efeito
gue estas lectinas apresentam na regressao de tumores.

Peng et al. (2009) observaram que a lectina extraida da Clematis montana

exibiu atividade antitumoral por meio da inducéo da apoptose em células L929.
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Liu et al. (2009) verificaram que a lectina extraida Polygonatum odoratum induz
apoptose em células L929 de fibrosarcoma murinos alterando o potencial mitocondrial

transmembrana e liberacdo do citocromo c levando a ativacéo das caspases 3, 8 e 9.
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Abstract

Lectins constitute a class of glycoproteins, which are capable of selectively and
reversibly binding to carbohydrates, distinguishing small structural differences in
complex oligosaccharides. Studies have shown that the binding of lectins to cell-surface
carbohydrates can lead to various effects such as cellular proliferation, histamine
release, and cytokine production. Canavalia brasiliensis lectin (ConBr) is a (D-mannose)
D-glucose lectin. In this study, murine splenocytes were cultured to determine the effect
of ConBr on cell proliferation, nitric oxide (NO) release, and cytokine secretion. In
addition, cellular viability assays were performed to evaluate any mitogenic activity
induced by this lectin. ConBr significantly increased cell proliferation with minimal cell
damage. This lectin was able to induce an increased production of cytokines such as IL-
2, IL-6, and IFN-y and a decreased production of IL-10. The release of NO was also
observed. The results of this study indicate that ConBr could potentially be used as an
immunomodulator.
Keywords: Canavalia brasiliensis, ConBr, lectins, glucose/mannose binding-

lectin, proliferative activity



46

Introductionv

Lectins are ubiquitous proteins of non-immune origin present in plants,
microorganisms, animals, and humans; these proteins specifically bind to defined
monosugar or oligosaccharide structures. Significant progress has been made in recent
years in understanding the crucial roles played by lectins in several biological processes
(Wu et al., 2009).

The most thoroughly investigated lectins are derived from plants, particularly from
the Leguminosae family. Legume lectins are a large group of structurally similar proteins
with distinct carbohydrate specificities. The subtribe Diocleinae (Leguminosae)
comprises 13 genera, mostly from the New World, and lectins have been isolated from
plants belonging to three of these genera, i.e. Canavalia, Cratylia, and Dioclea (Cavada
et al., 2001).

Many studies have shown immunological activity induced by D-mannose (D-
glucose) and other specific binding lectins. In fact, a large number of lectins with distinct
characteristics and specificities have been used for their immunomodulatory activity,
lymphoproliferation, and functional activation of monocytes and macrophage-like cells
(Tamma et al., 2003; Lee et al., 2007; Melo et al., 2010a).

ConBr, a lectin isolated from Canavalia brasiliensis seeds, presents similar
homology (99%) and physical properties to Concanavalin A (ConA), a lectin isolated
from Canavalia ensiformis. ConA was the first lectin to be isolated and sequenced, and
to have its three-dimensional structure determined by x-ray crystallography (Cavada et

al., 2001).
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ConBr has previously been shown to induce the following effects: proliferation
and IFN-y production in cultured peripheral blood mononuclear cells (Barral-Netto et al.,
1992); nitric oxide (NO) production by murine macrophages in vitro and in vivo (Andrade
et al., 1999); in vivo lymphocyte activation and apoptosis (Barbosa et al., 2001); IFN-y,
IL-10, IL-4, granulocyte macrophage colony-stimulating factor (GMCSF), and TNF-a
production in human peripheral blood mononuclear cells (Cavada et al., 2001); and
histamine release from mast cells (Lopes et al., 2005).

To investigate the development of immune response, the present study analysed,
in vitro, the immunostimulatory response induced by ConBr in murine splenocyte
cultures by measuring the levels of NO, IFN-y, IL-6, IL-2, and IL-10 produced. Changes

in cell proliferation and cell death induced by the ConBr lectin were also analysed.

Materials and methods

Animals

Male BALB/c mice, 6-8 weeks old, were housed in open-top cages and maintained
on food and water ad libitum. A room temperature of 22 + 2°C and a light/dark cycle of
14/10 h were maintained.

Lectins

The lectin isolated from Canavalia brasiliensis seeds was purified by affinity
chromatography on a Sephadex G-50 column (Cavada et al.,, 1996). Canavalia
ensiformis lectin (Concanavalin A) was purchased from Sigma Chemical Co. (St Louis,

MO, USA).



48

Splenocytes

A single-cell suspension of spleen from normal mice under aseptic conditions was
prepared by homogenization in RPMI-1640 medium. The suspension was centrifuged to
obtain a cell pellet. The contaminating red blood cells were removed by using
haemolytic Gey’s solution. Cells were centrifuged and suspended in complete RPMI-
1640. The cell concentration was adjusted to 1 x 10° cells/ml, and the viability of the
splenocytes (tested by trypan blue dye exclusion) was always over 90%.
1. Proliferation of murine splenocytes

Mice splenocytes (4 x 10° cells/well) were cultured (37°C/5% CO,) in triplicate on
96-well culture plates, and incubated with ConA (2.5 pg/ml) and ConBr (2.5, 5, and 10
pug/ml). A non-stimulated culture plate was used as a negative control. After an initial 60
h of incubation, a radioactive precursor, 0.5 uCi [*H]-TdR (Amersham Biosciences), was
added to each well. Cultures were incubated for an additional 12 h before they were
harvested, and the incorporated radioactivity was determined (Wong and Ng, 2003).

Cytokine determination

Splenocytes were cultured on 24-well plates at a density of 10° cells/well. Cytokines
were quantified at 24 h, 48 h, 72 h, and 6 days in the supernatants of cultures stimulated
with ConBr at 10 pg/ml, ConA at 2.5 pg/ml, or maintained only in the culture medium
(negative control). Culture supernatants were collected, and the concentrations of the
cytokines (IL-2, IL-6, IL-10, and IFN-y) present in the supernatants were determined
using an enzyme-linked immunosorbent assay from Kit OptEIA (BD Biosciences, San

Diego, CA, USA), according to the manufacturer's instructions.
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Determination of nitric oxide (NO) Production

Mice spleen cells were used to evaluate nitrite concentration after stimulation with
ConA (2.5 pg/ml) and ConBr (10 pg/ml) for 24 h, 48 h, 72 h, and 6 days. Culture media
were carefully collected for subsequent analysis using the colorimetric Griess method
(Ding et al., 1988). NO concentration was estimated using a standard curve (3.12-100
pmol/mil).

Flow cytometry analysis

The levels of apoptosis 24 and 48 h after ConA (2.5 pug/ml) and ConBr (10 pg/ml)
treatments were examined to monitor cell recovery. Annexin V binding and propidium
iodide staining were determined using flow cytometry. The cells were washed with ice-
cold phosphate-buffered saline (PBS) and double stained with FITC-coupled Annexin V
protein and propidium iodide for 20 min. Flow cytometry was performed using a 488-nm
laser coupled to a cell sorter (FacsCalibur; BD Biosciences, Mountain View, CA, USA).
The results were analysed using dot plots. Double negatives (Annexin-FITC/PI) were
considered viable cells. Annexin-FITC*/PI” represented splenocytes in the early stages
of apoptosis. Double positives (Annexin-FITC*/PI") represented spleen cells in the late
stages of apoptosis, and PI" cells were considered to be necrotic.
Statistical analysis

All data were analysed using non-parametric tests. To detect differences among
groups, the Mann—-Whitney U test was used. All results were expressed using mean
values * standard deviation (SD) and were considered statistically significant when the p

value was <0.05.
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Results and Discussion
Proliferative response was induced by ConBr treatment through IL-2, IL-6, and
cell-proliferation stimuli

Carbohydrates can act as the intermediates of biological communication in
biological processes such as differentiation, proliferation, and certain cell-cell
interactions that are crucially important in both physiological and pathological
phenomena. The information contained in the enormous variety of oligosaccharide
structures normally conjugated to proteins or lipids on cell surfaces (glycocodes) is
recognized and deciphered by a specialized group of structurally diverse proteins, the
lectins (Sanz-Aparicio et al., 1997).

Lectins find application in a variety of studies, including blood group and
erythrocyte polyagglutination studies, lymphocyte subpopulation studies, histochemical
studies of healthy and pathological conditions, and chromatographic experiments.
Lectins are believed to be dynamic contributors to tumour cell recognition, cell adhesion
and localization, signal transduction across membranes, mitogenic stimulation,
potentiation of host immune defence, cytotoxicity, and apoptosis (Wang et al., 2000).

Several plant lectins, such as the L4 isolectin of PHA, ConA, the pokeweed
mitogen (PWM), Maclura pomifera agglutinin (MPA), and Pisum sativum agglutinin
(PSA), are potent mitogens for human lymphocytes. The growth stimulatory effect of
lectins corresponds with the observation that certain growth factors/interleukins
recognize their receptors via a lectin-like interaction. Furthermore, some plant lectins
have the capacity to non-specifically augment the host’'s immune defence mechanisms

(Mody et al., 1995).
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A proliferative assay, using the [°H]-thymidine technique, was performed to
measure ConBr stimulation in cell cultures. An increase in cell number indicates an
effect on the immune system by the secretion of cytokines and the activation of
accessory cells. Our results showed that ConBr was able to induce the proliferation of
murine splenocytes at all concentrations; ConA was used as a positive control (Figure
1). At the same concentration (2.5 pg/ml), ConBr stimulated greater proliferation than did
ConA. The maximum proliferation index was observed at 10ug/ml. The proliferation
indices of both ConA and ConBr were higher than those of non-stimulated cells.

Mitogenic lectins utilize the capacity of protein-carbohydrate interactions and
glycan cross-linking to stimulate immune parameters. The degree of immune response
depends on the affinity of a lectin for the cell-surface glycans of receptors and co-
receptors (Gabius et al., 1994).

Activated proliferating lymphocytes are known to express a number of molecules
on their surfaces, namely, CD25, CD69, CD71, and HLA-DR, usually expressed
minimally or even absent from resting cells, and thus termed ‘activation antigens’ (Zangh
et al., 2002). Of crucial importance for the delivery of IL-2 signals to regulatory T cells is
the expression of CD25, which, along with CD122 and y, confers high-affinity binding to
IL-2 (Létourneau et al., 2009). ConBr was found to increase the ex vivo expression of
CD25 on the surfaces of stimulated lymph node cells. CD25 comprises the chain of the
IL-2 receptor, and its expression has also been demonstrated to be up-regulated in T
lymphocytes upon stimulation with ConA (Barbosa et al., 2001).

The binding of multivalent lectins to cells results in the cross-linking of cell-surface
receptors, which, in turn, is associated with a variety of biological signal transduction

processes, including mitogenesis (Cavada et al., 2001). Many glucose, mannose, and
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galactose-binding proteins have been demonstrated to stimulate cell proliferation. There
is strong correlation between a high-binding capacity and the ability to activate naive
lymphocytes in vitro. ConA binds to T-cell receptor CD3 and to other cell-surface
receptor molecules to induce a strong T-cell mitogenic response (Pani et al., 2000).

Glucose/mannose-specific lectins obtained from seeds of the same tribe (Dioclea)
had similar structures, but were distinct in their ability to stimulate human lymphocytes.
The diverse molecular forms of these lectins can be presented in a variety of
combinations, which may explain the subtle differences in their mitogenic activities.
These subtle differences may also be attributed to the amino acid sequence in the
carbohydrate-binding site responsible for sugar interaction, which may affect the
specificity for sugar in the cell membrane (Barral-Neto et al.,, 1992). Since ConBr is
largely homologous to ConA, differing from it by only three residues (Grangeiro et al.,
1997), it is believed that ConBr may produce similar effects through the recognition of
cells by very distinct cell-surface receptors.

Many lectins act as mitogenic compounds. Abrin lectin, extracted from the Abrus
precatorius plant, can induce the proliferation of splenocytes leading to a Thl response,
NK cell activation (Buthia et al., 2009), and the stimulation of peritoneal macrophages in
mice splenocytes (Tripathi and Maiti, 2003). Jacalin, purified lectin from the seeds of the
Artocarpus heterophyllus plant, stimulates T cells, especially T CD4+ lymphocytes
(Pineau et al., 1990), promotes the binding of ConA to T-cell receptor CD3 and other cell
surface co-receptor molecules, and induces a strong T-cell mitogenic response
associated with cytokine expression and secretion (Pani et al., 2000; Tripathi and Maiti,

2005).



53

Protein carbohydrate interactions occur in a number of biochemical processes in
a variety of different cell types including lymphocytes, mast cells, macrophages, and
neutrophils (Barbosa et al., 2001; Lopes et al., 2005; Alencar et al., 2007; Figueiredo et.
al, 2009). These interactions are believed to serve as major signals in these cells,
stimulating the release of proinflammatory mediators such as leukotrienes, NO, and
cytokines, (Benjamin et al.,, 1997) including IL-1, IL-6, IL-10, TNF-a, and GMCSF
(Cavada et al., 2001).

In the present study, we examined the immunostimulatory properties of ConBr on
immune cells and attempted to determine the type of immune response by measuring
the secreted cytokines produced by lectin-stimulated mice splenocytes.

Both of the lectins tested induced high IL-2 production (Figure 2). ConBr was
capable of stimulating increased IL-2 at all experimental times as compared to control
cultures and at 48 and 72 h as compared to ConA stimulation (Figure 2B and C). ConA
also induced a release of IL-2 at all experimental times as compared to the control and
at 24 h in relation to ConBr (Figure 2A). The IL-2 cytokine is known to be a T-cell growth
factor, inducing the clonal expansion of T cells following antigen stimulation, and is also
important for the differentiation of CD4" T cells into Thl and Th2 effector subsets (Hoyer
et al., 2008).

High IL-6 production was also observed for both lectins at all experimental times
(Figure 3), but no difference was observed between lectins, except at 48 hours, when
ConA was shown to produce more IL-6 than ConBr (Figure 3B). IL-6 plays important
roles in T-cell-mediated immune responses. It is a cofactor for T-cell proliferation and
prevents cell death (Yang et al., 2005). In fact, both of the cytokines examined can act

as proliferative agents with regard to both T and B lymphocytes.
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ConBr induced higher IFN-y and lower IL-10 production in cell cultures

ConBr cell cultures produced statistically significant increases (p < 0.05) in IFN-y
production as compared to control values at all experimental times (Figure 4). Similar
behaviour was observed for both ConA and ConBr lectins, showing the similarity of
these glucose/mannose lectins with respect to IFN-y production. However, a distinct
pattern was observed in IL-10 production (Figure 5). This cytokine was produced in
lower quantities as compared to IFN-y, but at 48 and 72 h, ConBr induced an increased
production of IL-10 (Figure 5B and C). In contrast, ConA produced higher levels of IL-10
at 24 h and 6 days of culture (Figure 5A and D).

IL-10, which is produced by a variety of cells (including T lymphocytes, B
lymphocytes, monocytes, and dendritic cells), has been identified as a cytokine with
important anti-inflammatory and immunosuppressive properties. IL-10 is thought to play
a major role in the limitation and termination of inflammatory responses. In addition, it
regulates the growth and/or differentiation of various immune cells. When extensive IFN-
y secretion occurs, there is an associated rise in IL-10 production, which could be
viewed as an important self-limiting (negative feedback) immune response mechanism
(Couper et al., 2008).

Crane et al. (1984) used similar assays to those used in the present study to
show that Jacalin-induced T lymphocytes secrete IFN-y in culture supernatants. In
addition, Melo et al. (2010a) showed that higher IFN-y and lower IL-10 production could

be induced by Cramoll 1,4 lectin.
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ConBr stimulated higher nitric oxide (NO) release by splenocytes

Our assays showed an elevated release of NO in ConBr lectin-stimulated cultures
(Figure 6). In fact, this lectin showed statistically significant increased NO values at all
experimental times relative to both control and ConA cultures (Fig. 6).

NO is produced by macrophages and agents that induce iINOS expression,
including various cytokines (IL-1B, TNF-a, and IFN-y), endotoxins (lipopolysaccharides
and LPS), and a host of other agents (Vera et al., 1995). NO is a multi-faceted molecule
with dichotomous regulatory roles in many areas of biology. The complexity of its
biological effects is a consequence of its numerous potential interactions with other
molecules, such as reactive oxygen species (ROS), metal ions, and proteins. The
effects of NO are modulated by both direct and indirect interactions, which can be dose-
dependent and cell-type specific (Kim et al., 2001).

Welsch and Schumacher (1983) showed that ConA could bind to macrophages in
vivo, this being one of the mechanisms involved in NO production. In this study, we
demonstrated that ConBr can induce cytokine production. Thus, ConBr can induce NO
production by direct and indirect mechanisms. Rodriguez et al. (1992) demonstrated that
ConBr has more pronounced effects on macrophage stimulation than ConA after
peritoneal macrophage stimulation through the intraperitoneal injection of lectins.
Andrade et al. (1999) found that ConBr induced an increase in NO release in mice
resident peritoneal cells.

Other studies have confirmed that NO production can be induced by lectins such
as the pokeweed mitogen lectin (Dong et al., 1996), banana lectin—-BanLec (Wong and

Ng, 2006), and Cramoll 1,4 (Melo et al., 2010a).
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Low cell damage was induced by both ConBr and ConA lectins

A cell viability assay indicated that lectins induced minimal damage to cell
survival, and about 90% of the cells obtained were viable (Figure 7). However, the
results also demonstrated that at 24 h, ConBr and ConA induced a higher rate of
apoptosis and late apoptosis relative to the control. After this same period, ConA
induced increased necrosis with respect to ConBr and the control (Figure 7A). At 48 h,
ConBr induced higher rates of apoptosis as compared to the control, late apoptosis as
compared to the control and ConA, and necrosis as compared to ConA but not to the
control. After the same period, ConA also induced increased necrosis with respect to the
control (Figure 7B).

Cell death is generally considered to occur by 2 distinct pathways: apoptosis, in
which cells deliberately activate a built-in death programme over several hours, and
necrosis, which is an uncontrolled and rapid process of cell death (Murphy, 1999).

Many stimulatory mechanisms, induced by antigens or other compounds, can
promote increased T-cell activation through reactive oxygen species and calcium
accumulation (Melo et al., 2010b). However, calcium accumulation can lead to cell death
through oxidative stress (Fesk, 2007). In fact, in studies where T-cell stimulation is
analysed, cell death assays are very important for evaluating cell damage induced by
the tested compounds. Our results demonstrated a minimal level of cell damage, which
was similar between both ConBr and ConA lectins.

Experiments with other lectins have shown their immunostimulatory activities and
consequent induction of cell death. Mistletoe lectin was shown to stimulate increased
apoptosis in neutrophils (Lavastre et al., 2004), Abrus agglutinin stimulated apoptosis in

thymocytes (Hegde, 1991), and ConA induced cell death in cultivated hepatocytes (Leist
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and Wendel, 1996). The decreased cell viability observed following exposure to lectins
may be due to oxidative damage caused by the NO induced by cytokines.

During the last 10 years, Canavalia brasiliensis lectin (ConBr) has been used in
various biological models and has been shown to play an important role in T-cell
signalization. Here, we demonstrated through various techniques, including flow
cytometry, ELISA, and [*H]-thymidine incorporation, that this lectin has important

immunomodulatory and immunostimulatory potential.
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Fig. 1 Splenocytes proliferation. Murine splenocytes (10° cells/ml) were stimulated by
ConBr (2.5-10 ug/ml) and ConA (2.5 pg/ml) for 72 h at 37°C in a humidified atmosphere
of 5% CO,. Non-stimulated splenocytes cultured under the same conditions were used
as a control. Increases in cell number were measured using the [3H]-thymidine assay
method. Values represent the mean = SD of three replicates. Statistical analysis was
done using the Prism 5.0 software. Differences were considered significant at p < 0.05

as compared to the control.
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Fig. 2 IL-2 production in cell cultures. Cells cultured, in vitro, with ConBr and ConA
lectins at 24 h, 48 h, 72 h, and 6 days, respectively. ConBr induced higher IL-2
production at all experimental times relative to control cultures, and at 48 and 72 h as
compared to ConA stimulated cultures. Values represent the mean + SD of six
independent experiments per group. Differences were considered significant at p < 0.05

as compared to control values.
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Fig. 3 IL-6 production in cells cultured with ConBr and ConA stimuli. Cells cultured, in
vitro, with ConBr and ConA lectins at 24 h, 48 h, 72 h, and 6 days, respectively. Higher
IL-6 production was observed for both lectins relative to the control at all experimental
times. ConA produced higher IL-6 as compared to ConBr at 48 h. Values represent the
mean = SD of six independent experiments per group. Differences were considered

significant at p < 0.05 as compared to control values.
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Fig. 4 IFN-y production in splenocytes cultivated with ConBr and ConA stimuli. Cells
cultured, in vitro, with ConBr and ConA lectins at 24 h, 48 h, 72 h, and 6 days,
respectively. Non-stimulated splenocytes cultured under the same conditions were used
as the controls. ConBr and ConA stimuli produced similar levels of IFN-y in all
experimental groups and produced significantly higher IFN-y as compared to control
cultures. Only at 24 h did ConBr produce higher levels of IFN-y as compared to ConA.
Values represent the mean = SD of six independent experiments per group. Differences

were considered significant at p < 0.05 as compared to control values.
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Fig. 5 IL-10 production in cells cultured with ConBr and ConA stimuli. Cells cultured, in
vitro, with ConBr and ConA lectins at 24 h, 48 h, 72 h, and 6 days, respectively. ConA
produced significantly higher IL-10 as compared to control values after 24 h and 6 days
of culture. ConBr also induced higher IL-10 production and was superior to control and
ConA cultures at 48 and 72 h. Values represent the mean = SD of six independent
experiments per group. Differences were considered significant at p < 0.05 as compared

to controls.
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Fig. 6 NO production in Balb/c splenocytes treated with ConBr and ConA lectins.
Splenocytes (10° cells/ml) were stimulated by ConA (2.5 pg/ml) and ConBr (2.5-10
pg/ml) for 24 h, 48 h, 72 h, and 6 days. Non-stimulated cells were used as negative
controls. Supernatants were collected, and the nitrite (NO) concentration from the
supernatants was determined using the Griess reagent as described in the Materials
and Methods. Data represent the means + SD of two independent observations
performed in triplicate. Differences were considered significant at p < 0.05 as compared

to the ConA positive control and negative control groups.
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Fig. 7 The effect of lectins on splenocyte viability. A—cell death at 24 hours. ConBr and
ConA induced increased apoptosis and late apoptosis as compared to the control. At the
same time, ConA induced higher rates of necrosis as compared to ConBr and the
control. B—cell death at 48 hours. ConBr induced increased apoptosis as compared to
the control, late apoptosis as compared to the control and ConA, and necrosis only with
respect to ConA, and not the control, at 48 hours. At the same time, ConA induced
higher levels of necrosis as compared to the control. Values represent the mean + SD of
five independent experiments per group. Differences were considered significant at p <

0.05 as compared to the controls.
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Lectina das sementes da Canavalia brasiliensis

A Canavalia brasiliensis Mart. ex Benth. € uma trepadeira pertencente a familia
Fabaceae, cujos individuos podem atingir de 0,5m a 5m, dependendo do porte
(arbustivo ou arbdéreo) da espécie suporte. As raizes sdo amarelas; as folhas
alternadas, trifolioladas; as flores apresentam coloracdo roxa e as pétalas estdo
reunidas em inflorescéncias do tipo paniculada terminal, com escapo floral de coloracéo
verde-arroxeada. E conhecida popularmente como feijao-de-porco, feijio bravo ou
feijdo bravo do Ceara (Guedes et al., 2009).

As lectinas sao proteinas ou glicoproteinas de origem nao imune que se ligam de
maneira especifica e reversivel a carboidratos (Sharon 2007). A partir das sementes da
Canavalia brasiliensis é extraida a ConBr, uma lectina que se liga a D-glicose/D-
manose, sendo constituida de estruturas multiméricas feitas de monémeros idénticos de
25,5 kDa e que exibem equilibrio dimero tretamero dependente do pH (Calvete et al.,
1999; Cavada et al., 2001).

Nos ultimos anos, a lectina ConBr tem sido foco de consideravel interesse
cientifico. A partir de seu isolamento e caracterizacdo por Moreira e Cavada (1984), a
lectina ConBr tem sido utilizada em diferentes modelos biolégicos demonstrando ser
uma molécula com potencial terapéutico. Nessa revisdo, enfocamos estudos que

utilizaram a ConBr, enfatizando a versatilidade dessa lectina.
Lectinas vegetais como agentes antitumorais

Ao longo dos anos muitos avancos foram alcancados no diagnostico e
tratamento do cancer, resultando em um aumento da sobrevida dos pacientes, porém a
busca por terapias mais eficientes permanece. Assim, se faz necessario a procura por
drogas citotéxicas com maior especificidade as células cancerosas, e dentre as
abordagens disponiveis, a utilizagdo de lectinas como mediadoras do ataque as células
alvo parece ser bastante promissora (Plattner et al., 2008).

As lectinas sao excelentes candidatas ao diagnostico do céncer, devido a sua
capacidade de se ligar a membrana de células tumorais, bem como a terapia do cancer,

por apresentarem efeitos citotoxicos (diminuindo a sintese protéica e induzindo
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apoptose), antiproliferativos e imunoestimulatérios, levando a producdo de citocinas
como o fator de necrose tumoral alfa (TNF-a) (Medja e Prisecaru, 2005).

Estudos histoquimicos tém demonstrado que alteracBes quantitativas e
qualitativas sdo observadas em glicoproteinas durante o processo oncogénico (Bafna et
al., 2008; Ghazarian et al., 2011). No cancer de colon, estas altera¢des incluem uma
diminuicdo do contetudo de carboidrato do glicocélix, o que modifica a relacdo entre
carboidratos e proteinas. Sabe-se que a glicosilacdo alterada constitui uma via
universal para transformacfes malignas e progressdo do tumor. Lectinas possuem a
habilidade de reconhecer aclcares especificos, o que as tornam candidatas ideais para
detectar modificaces de carboidratos na superficie celular de transfomac¢des malignas,
diferenciacéo de células tumorais e metastase (Gemeimer et al., 2009).

Dentro deste contexto, lectinas podem ser utilizadas para investigar alteracdes
na glicosilacdo durante processos normais e patolégicos e para gerar novos
conhecimentos, contribuindo com novas técnicas para deteccdo destas alteractes
(Ghazarian et al., 2011).

Pinto el al., (2010) avaliaram o potencial de lectinas da familia Diocleinae como
marcadores para células de cancer de colon humano. As lectinas das sementes de
Canavalia ensiformis (ConA),Canavalia brasiliensis (Con Br), Canavalia bonariensis
(Con Bo0), Canavalia grandiflora (Con Gr), Canavalia maritima (Con M), Dioclea
grandiflora (DGL), Dioclea guianensis (Dgui), Dioclea virgata (Dvir), Dioclea violacea
(Dvio) e Dioclea rostrata (Dros) foram utilizadas no estudo e exibiram perfis distintos de
interagdo com a linhagem celular de adenocarcinoma de c6lon humano LS-180.

Algumas das lectinas foram capazes de se ligar as células estudadas, o que
sugere que estas proteinas reconhecem alteracdes sutis presentes nos residuos de
carboidratos das membranas celulares. Estas diferencas poderiam ser causadas pela
presenca de glicoreceptores distintos, niveis diferentes de sua expressao na superficie
celular, ou ainda por uma discrepancia no perfil de afinidade destas lectinas na relacao
com estes receptores.

Bjorknesjo (2011) avaliou a atividade antiproliferativa e a inducdo de apoptose
das lectinas Concanavalin A (ConA), Canavalia brasiliensis (ConBr), Canavalia

boliviana (ConBol) associadas a nanotubos de carbono na linhagem celular de
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adenocarcinoma de colorretal (HT-29). Para tanto, foi avaliada a citotoxicidade das
mesmas quando em contato com as células tumorais. O estudo demonstrou que as
lectinas ConA, ConBr e ConBol possuem o potencial de induzir efeitos citotéxicos nas
células tumorais HT-29 no periodo de 48 e 72 h em concentracdes de 50 - 100 pg/mL.
Porém, em relagdo a interacdo entre a ConBr e as células tumorais, os autores

observaram que a ConBr ndo se ligou a membrana celular.

Uso da ConBr como marcador biolégico

O efeito da suplementacdo dos meios de producado in vitro de embrides com
lectinas vem despertando o interesse de muitos pesquisadores. Komninou et al., (2011)
avaliaram os padrbes de ligacdo das lectinas Canavalia ensiformis (ConA), Canavalia
brasiliensis (ConBr) e Canavalia boliviana (ConBol), conjugadas a isotiocianato de
fluoresceina (FITC), a odécitos bovinos, durante o periodo de maturacao in vitro.

A lectina ConBr, apesar de possuir 99% de identidade, em sequéncia de
aminoacidos, e a principio exibir a mesma especificidade para glicose/manose que a
lectina ConA (Cavada et al., 2011), apresentou uma intensidade de fluorescéncia bem
menos intensa, do que as lectinas ConA e ConBol, caracterizando-se por demonstrar
um padrdo fraco de ligacdo a zona pelldcida e as células do cumulus. Os autores
concluiram que o alto potencial de ligacdo das lectinas com os carboidratos presentes
na superficie dos odécitos merece atencao especial em estudos futuros, pois estes
carboidratos séo potenciais receptores de modulagéo de atividade celular e, além disso,
podem mediar a interacdo com outras células, nutrientes e drogas utilizadas em cultivo

in vitro.

Respostas celulares induzidas pela ConBr

O efeito estimulante de mitégenos derivados de plantas (lectinas) tem sido
demonstrado em diferentes subpopulagcdes de células animais.

Os primeiros estudos envolvendo a resposta celular induzida pela presenca da
lectina foram realizados por Rodriguez et al.,, (1992). Os autores observaram que a

administracdo intraperitoneal da lectina ConBr estimulou o aumento do numero de
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células mononucleares e de polimorfonuclears em camundongos, resposta que eles
atribuiram ao efeito estimulatorio da lectina. Apds os resultados obtidos nesse estudo,
novos experimentos foram realizados afim de se observar a capacidade estimulatéria
da lectina ConBr em outros modelos experimentais.

Bento et al., (1993) analisaram o capacidade da ConBr de induzir o edema de
pata e a migracdo de células para a cavidade peritoneal. Em resposta ao estimulo
provocado pela lectina, os autores observaram o desenvolvimento da reacao
inflamatoria, a qual alcangou a resposta maxima apds 6 horas de observacéo. A injecao
intraperitoneal da ConBr promoveu a migragdo de células inflamatdrias, neutrofilos e
células mononucleares para a cavidade abdominal dos animais.

Andrade et al., (1999) verificaram a producdo de 6xido nitrico por células obtidas
apos lavagem da cavidade abdominal de camundongos cultivadas com ConBr e
avaliaram também o efeito do estimulo causado pela lectina em células coletadas de
animais apos a injecdo peritoneal da lectina (100 pg/animal). Os autores observaram
gue a resposta induzida pela presenca da lectina ocorreu de maneira dose-dependente
alcancando uma resposta maxima na concentracdo de 10ug/ml. De acordo com o0s
autores, a producdo de NO ocorreu através da estimulacdo direta da lectina sobre os
macréfagos e indireta por meio da agéo de linfocitos ativados.

O efeito da lectina ConBr sobre a liberagdo de histamina foi observado por
Gomes et al., (1994) em mastocitos de ratos e Lopes et al., (2005) em mastécitos de
ratos e hamsters obtidos por meio de lavagem abdominal do animais. Os autores
demonstraram que a liberagdo de histamina induzida pela lectina foi dependente da
presenca de ions calcio e reduziu quando a lectina foi solubilizada em solucdo saturada
de glicose.

A capacidade estimulatoria da ConBr in vivo foi analisada por Barbosa et al.,
(2001). Os autores verificaram um efeito estimulatorio da lectina em células do linfonodo
popliteo, caracterizada pelo aumento das regibes paracortical e interfolicular dos
nodulos linfaticos, as quais apresentaram linfoblastos e células em divisdo. Além disso,
a lectina promoveu apoptose celular nas areas onde houve a proliferacao celular.

Estudos também demonstram que o efeito estimulatorio da ConBr sobre células

animais € acompanhado pela producao de citocinas. Reis et al., (2008) verificaram que
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células sanguineas mononucleares periféricas de pacientes infectados e nao infectados
pelo Schistosoma mansoni, produzem IL-5, IL-10, IFN-y e TNF-a, quando cultivadas na
presenca da lectina.

Silva et al., (2011) observaram a proliferacéo de esplendcitos murinos cultivados
na presenca da ConBr. Os autores verificaram que o estimulo induzido pela lectina foi
acompanhado pela produgéo de citocinas como IL-2, IL-6, IL-10 e IFN-y. Além disso, as
células tratadas com a ConBr produziram oOxido nitrico, um metabdlito envolvido na
resposta celular que apresenta efeitos citostaticos ou citotoxico frente a células tumorais

e que esta relacionado com a apoptose celular.

Aplicacdo odontolégica

As mais prevalentes desordens dentais estao relacionadas com a carie e doenga
periodontal, onde os micro-organismos presentes no biofilme dental atuam como
principais agentes responsaveis. A formacao do biofilme ocorre através de um processo
ordenado e dinamico onde ha necessidade da fixacdo e proliferacdo de bactérias sobre
as superficies dos dentes, a aderéncia bacteriana a pelicula adquirida representa um
dos primeiros mecanismos envolvidos na iniciacdo do desenvolvimento do biofilme
dental (Pereira et al., 2006).

A caracterizacdo estrutural de lectinas vegetais revelou a presenca de locais de
ligacdo especificos que reagem com 0s carboidratos expostos na superficie de micro-
organismos, possibilitando a identificacdo de bactérias patogénicas com base na
aglutinacéo seletiva entre as lectinas e as bactérias (Oliveira et al, 2008).

Micro-organismos formam um biofilme patogénico aderido a superficies
dentarias, produzindo acido e produtos citotoxicos que levam a desmineralizacdo de
tecidos dentarios. A colonizacdo da superficie é um passo essencial no
desenvolvimento do biofilme. A habilidade dos patdgenos orais em aderir superficies
dentarias estad diretamente ligada a presenca de moléculas especificas que podem
interagir com ligantes do esmalte da pelicula adquirida.

Cavalcante et al. (2011) verificaram a atividade inibitoria e antibiofilme de lectinas
da subtribo Diocleinae contra Streptococcus mutans e Streptococcus oralis. Foram

utilizadas as lectinas de Canavalia ensiformis (ConA), Canavalia brasiliensis (ConBr),
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Canavalia maritima (ConM), Canavalia gladiata (CGL) e Canavalia boliviana (ConBol).
ConBol, ConBr e ConM apresentaram atividade inibitoria no crescimento de S. mutans.
Todas as lectinas, a excecao de ConA, estimularam significativamente o crescimento de
S. oralis. Os resultados mostraram uma inibicdo na formacao do biofilme de S. mutans
e ndo o mesmo efeito em S. oralis, 0 que poderia ser atribuido a diferencas de
carboidratos de superficie entre espécies de bactérias. Sendo assim, os autores
acreditam que o local de ligacdo do carboidrato na superficie da bactéria provavelmente
possui um papel chave na atividade antibacteriana, sendo responsavel pelo
reconhecimento da bactéria.

Teixeira (2006) utlizaram a micrografia de fluorescéncia para visualizar a
habilidade de lectinas marcadas com FITC de ligarem-se a pelicula adquirida. As
lectinas extraidas de Canavalia ensiformis, Canavalia brasiliensis, Dioclea violacea,
Dioclea grandiflora, Cratylia floribunda e Vatairea macrocarpa foram capazes de inibir a
aderéncia de cinco espécies de streptococcus a pelicula adquirida in vitro. Porém,
verificou-se que as lectinas ligadoras de glicose/manose se ligaram mais fortemente

que a lectina ligadora de galactose (Vatairea macrocarpa).

Efeitos sobre o sistema nervoso

No sistema nervoso central de mamiferos, as lectinas com afinidade para
manose/glicose ou galactose podem modular diversos aspectos da comunicagéo
celular. Estudos tém sido realizados com o objetivo de se verificar que efeitos as
lectinas vegetais apresentam sobre o sistema nervoso.

Barauna et al., (2006) verificaram que quando administrada centralmente, a
lectina ConBr produziu uma diminuicdo no tempo de imobilidade no teste do nado
forcado (TNF) em camundongos. O TNF é um modelo comportamental largamente
utilizado na busca de compostos ou drogas com acgdo antidepressiva. Estudos tém
demonstrado que a modulacdo dos sistemas serotoninérgico, noradrenérgico e
dopaminérgico, entre outros, estdo envolvidos com os efeitos comportamentais dos
antidepressivos no TNF. Os resultados da aplicacdo intracérebroventricular indicaram

um efeito anti-depressivo da ConBr com envolvimento do sistema momoaminérgico.
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Russi et al., (2012) investigaram os efeitos neuroprotetores da lectina ConBr em
modelos animais de toxicidade glutamatérgica, apés a introducdo da ConBr por via
intracérebroventricular (10ug/sitio, i.c.v). Os autores observaram que a lectina reduziu
as crises tonico-clénicas induzidas pelo agonista de receptores N-Metil D-aspartato,
acido quinolinico, produzindo um percentual de protecdo de 58%. A ConBr também
diminuiu significativamente a severidade das convulsdes, sem alterar a laténcia para a
primeira convulsdo nem o tempo de duracéo da crise convulsiva. O efeito neuroprotetor
de ConBr foi dependente de sua integridade estrutural e de sua capacidade de ligacao
a residuos de oligossacarideos uma vez que a ConA, uma lectina que tem alta
homologia com ConBr, ndo foi capaz de produzir atividade neuroprotetora, sendo a
atividade neuroprotetora maxima observada na concentragdo de 10ug/ml. Os autores
concluiram que a lectina ConBr é capaz de exercer uma acdo moduladora sobre
receptores N-Metil D-Aspartato, inibindo sua atividade e dessa forma produzindo

neuroprotecao.

Efeito sobre a cicatrizacédo de lesdes cutaneas

Apesar da disponibilidade de recursos disponiveis que auxiliem no processo de
cicatrizacdo de lesdes cutaneas, existe a necessidade da busca por novos farmacos
gue sejam mais eficazes em processos de dificil cicatrizacdo como lesdes de pacientes
diabéticos e ulceras crbnicas.

Foi demonstrado por Silva et al., (2009) que a ConBr favorece 0 processo
cicatricial. Através de lesdes cutaneas experimentais em camundongos, foram
observadas diferencas estatisticamente significativas entre as areas médias das feridas
dos grupos tratados com a ConBr e os demais grupos analisados na fase de fibroplasia,
sugerindo que a ConBr, quando aplicada topicamente, promove a ativagao de células
envolvidas no processo cicatricial, favorecendo a evolugdo do mesmo. Os autores
concluiram que a lectina isolada das sementes da Canavalia brasiliensis induz a sintese
de proteases com atividade colagenolitica durante a cicatrizacdo das lesbes cutaneas,

podendo a partir desse mecanismo promover 0 processo cicatricial.
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Efeito sobre a glicemia

Em acréscimo as diversas atividades biologicas demonstradas pelas lectinas,
existem consideraveis evidéncias do envolvimento destas proteinas com receptores
insulinicos. Tem sido divulgado cientificamente que o receptor de insulina localizado na
membrana plasmatica de células alvo € uma glicoproteina, e ainda, o pré-tratamento de
células ou membranas com glicosidases ou com lectinas leva a uma reducéo da ligacéo
destes receptores a insulina.

Mesquita et al., (2005) demonstraram que o tratamento utilizando a ConBr em
ratos com diabetes induzida levou a reducgdes significativas nos niveis de glicose
sanguinea com variacfes dependentes da via de administracdo. ApGs a administracdo
da ConBr por via oral e intraperitoneal observou-se reducdo de 16% e 7%,
respectivamente. A injecdo endovenosa de ConBr reduziu os niveis glicémicos os
animais em 15%. Assim a lectina exerce um efeito modulador de ratos diabéticos,

dependente da via de administragao.

Atividade inseticida

Para lidar com a ameaca continua de diferentes insetos fit6fagos, as plantas
desenvolveram variados mecanismos de defesa, 0s quais incluem caracteristicas
morfolégicas e estruturais, bem como a sintese de compostos quimicos. Entre os
produtos quimicos sintetizados pelas plantas em resposta a presenca de patdégenos
estdo os peptideos de baixo peso molecular e proteinas que possuem atividade
inseticida contra insetos-praga (Vandenborre et al., 2009). Exemplos de tais proteinas
sao os inibidores de tripsina, as quitinases e as lectinas (Carlini and Grossi-de-Sa,
2002).

Pesquisas demonstram que lectinas de plantas possuem especificidades contra
glicoconjugados como galactose e acido sialico, os quais estédo presentes em células de
organismos gue nao pertencem ao reino vegetal, como micro-organismos, nematodeos
e insetos fitofagos, e que estes carboidratos sdo pouco presentes ou ausentes em
plantas, o que indica que elas fariam parte do sistema de defesa vegetal (Wong et al.,

2010), dessa forma, as lectinas possuem um potencial uso como fitoinseticidas,
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apresentado efeitos entomotdxicos quando ingeridas por insetos das ordens
Coleoptera, Homoptera e Lepdoptera (Peumans e Van Damme,1995).

Uma importante caracteristica das lectinas vegetais € a sua resisténcia a
hidrolise por enzimas presentes no trato gastrointestinal dos animais. Isto permite que
elas se liguem a residuos glicosilados presentes nas membranas das células que
revestem o trato digestivo. Como resultado dessa interacdo, ocorrem uma série de
eventos prejudiciais ao organismo animal, o que confere a esse de proteinas uma
propriedade antinutricional e/ou toxica. Entre os efeitos adversos provocados pelas
lectinas, destacam-se 0 aumento de volume das células epiteliais do intestino e danos a
membrana luminal do trato digestivo, levando a prejuizos na digestdo e absorcéo de
nutrientes. Além disso, as lectinas causam mudancas na flora intestinal, modulando o
estado imunoldgico do trato digestivo (Oliveira e Vasconcelos, 2004).

Freitas et al.,, (2011) demonstraram que a ConBr possue atividade inseticida
sobre Cadllosobruchus maculatus (Coleoptera: Bruchidae) causando efeitos deletérios
sobre o desenvolvimento das larvas deste inseto quando utilizadas nas concentracfes
de 1% e 2% (p/p). Os autores também verificaram que a ConBr é resistente a acdo
hidrolitica de proteases intestinais de larvas de C. maculatus, sugerindo que a
habilidade dos insetos para digerir as lectinas parece estar diretamente relacionada ao
efeito inseticiida observado.

O efeito deletério de varias lectinas vegetais, purificadas de plantas pertencentes
a diferentes familias botanicas tem sido investigado, principalmente sobre insetos
pertencentes as ordens Coleoptera, Homoptera e Lepidoptera. A avaliacdo dos efeitos
de lectinas tem sido realizada principalmente mediante a incorporacdo das proteinas
purificadas em dietas artificiais especificas para cada espécie. Isidro (2001) investigou a
acdo da ConBr sobre o comportamento da sauva do nordeste (Atta opaciceps
Borgmeier, 1939) (Hymenoptera:Formicidae). Nos ecossistemas brasileiros a sauva
destaca-se como inseto abundante, ndo sO pela densidade de sauveiros nas areas
infestadas, como também, pelo elevado nimero de espécimes por sauveiro. ConBr
influenciou os tipos de comportamentos, através das diferentes doses e horarios

estudados nos bioensaios.
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Conclusdes

A lectina ConBr tem sido utilizada em variados modelos biolégicos demonstrando
possuir um importante potencial biotecnoldgico e terapéutico. Com base nos estudos
realizados, observa-se que esta é uma lectina com caracteristicas farmacoldgicas que
devem ser melhor avaliadas com o objetivo de sua utilizacdo futura como uma

ferramenta biotecnoldgica ou um farmaco.
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Abstract

Lectins are proteins or glycoproteins that present the ability to link, in a specific
and reversible manner, to carbohydrate at cell surface. Early studies demonstrate that
lectins are potential immunomodulator and antitumour agents. This study aims to
evaluate the effect of lectin extracted from seeds of Canavalia brasiliensis (ConBr) in
murine melanoma B16F10 cells, through cell viability analysis, apoptosis index, cell
migration and production of IL-12 and nitric oxide (NO). Results showed that ConBr was
able to reduce cell viability promoting apoptosis, which could be observed by decrease
of cell migration. ConBr also induced NO and IL-12 synthesis, showing a possible

therapeutic potential for this kind of tumour.

Keywords: ConBr, Canavalia brasiliensis, glucose/manose binding lectin,

murine melanoma
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Introduction

Lectins are known as carbohydrate-binding proteins that can bind carbohydrates
reversibly and possess the ability to agglutinate cells or precipitate polysaccharides and
glycoconjugates (Sharon, 2007). They are widely distributed in nature and can be found
in plants, animals, algae, humans and microorganisms and virus. In the plant kingdom,
seeds have been known to be a rich source of lectins, comprising up to 10% of total
protein, and for this, plant lectins are the most thoroughly investigated, especially the
Leguminosae family (Sanz-Aparicio et al., 1997).

Legume lectins are a large group of structurally similar proteins with distinct
carbohydrate specificities (Cavada et al.,, 2001). Canavalia brasiliensis seeds lectin
(ConBr), is a mannose/glucose specific-lectin, as other Diocleinae lectins, is constituted
of multimeric structures made of identical monomers of 25.5 kDa exhibiting a pH-
dependent dimer/tetramer equilibrium (Calvete et al., 1999; Cavada et al., 2001).

Induction of apoptosis has been recognized as one ideal strategy for cancer
chemotherapy. Agents with the ability to induce apoptosis in tumors have the potential to
be used for antitumor therapy (Reed 2003). In recent years, plant lectins have been
widely reported to possess markedly inhibitory effect or cytotoxicity and induce
apoptosis in a variety of typical tumor cells.

Many legume lectins, which belong to the most extensively studied plant lectin
family, have been reported to possess remarkable antiproliferative activity and/or
apoptosis-inducing effect on the growth of cancer cells (e.g., Vicia faba agglutinin,
Sophora flavescens lectin and Phaseolus coccineus lectin) (Jordinson et al.,1999; Liu et

al., 2008; Chen et al., 2008; Chen et al., 2009).
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ConBr has previously been shown to induce the following effects: proliferation
and IFN-y production in cultured peripheral blood mononuclear cells (Barral-Netto et al.,
1992); nitric oxide (NO) production by murine macrophages in vitro and in vivo (Andrade
et al., 1999); in vivo lymphocyte activation and apoptosis (Barbosa et al., 2001); IFN-y,
IL-10, IL-4, granulocyte macrophage colony-stimulating factor (GMCSF), and TNF-a
production in human peripheral blood mononuclear cells (Cavada et al., 2001);
histamine release from mast cells (Lopes et al., 2005) and proliferative effect on murines
splenocytes and cytokine production (Silva et al., 2011). This study aimed to evaluate
biological effect of ConBr over murine melanoma cells by analyzing its action on cell

viability, tumour cell migration and nitric oxide and cytokine production.

Materials and methods
Plant material and cell culture

Canavalia brasiliensis lectin (ConBr) was purified as described previously
(Moreira e Cavada,1984). The murine melanoma B16F10 cells were purchased from Rio
de Janeiro Cell Bank (BCRJ, Rio de Janeiro, RJ, Brazil). They were routinely cultured in
RPMI-1640 medium containing 10% fetal bovine serum, 100 U/ml streptomycin, 100
U/ml penicillin, and 2 mmL-glutamine in a humidified cell incubator with an atmosphere

of 5% CO? at 37 °C.
Cell viability assay

The murine melanoma B16F10 cells were dispensed in 96-well flat bottom

microtiter plates at a density of 5x10° cells/ml. After 24 h incubation, medium was then
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replaced with medium containing 1% fetal bovine serum with ConBr at various
concentrations (2.5, 5.0, 10, 25, 50 and 100 pg/ml) for 24 and 48 h. Cell viability was
measured by the 3-(4,5- dimetrylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay as described previously (Mosman, 1983). After removing the supernatants, 20 pl
of MTTand180 ul of medium were added and incubated at 37 °C for 4h. Again the
supernatant was carefully removed and 150 pl of dimethyl sulphoxide (DMSO) was
added into each well to dissolve the MTT formazan at the bottom of the wells. After
10min, absorbance at 490 nm was recorded using a spectrophotometer [Model 3550
Microplate Reader (BIO-RAD)]. The percentage of cell growth inhibition was calculated
as follows: cell proliferation inhibition (%) = (A490,control-A490, sample)/(A490, control-

A490, blank) x 100.

Flow cytometry analysis

The levels of apoptosis 24 and 48 h after ConBr (2.5, 5.0, 10, 25, 50 and 100
pg/ml) treatments were examined to monitor cell recovery. Annexin V binding and
propidium iodide staining were determined using flow cytometry. The cells were washed
with ice-cold phosphate-buffered saline PBS and double stained with FITC-coupled
Annexin V protein and propidium iodide for 20 min. Flow cytometry was performed using
a 488-nm laser coupled to a cell sorter (FacsCalibur; BD Biosciences, Mountain View,
CA, USA). The results were analysed using dot plots. Double negatives (Annexin-FITC"
/PI) were considered viable cells. Annexin-FITC*/PI" represented B16F10 cells in the
early stages of apoptosis. Double positives (Annexin-FITC*/PI) represented spleen cells

in the late stages of apoptosis, and PI* cells were considered to be necrotic.
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Cell migration assay

For analysis of cell migration, the murine melanoma B16F10 cells (10° cell/ml) were
grown in 24 well plates with different concentrations (2.5, 5.0, 10, 25, 50 and 100 pg/ml)
of ConBr for 24 h. Cells were observed in an inverted light microscope and images were

captured (at 0 and 24 h) for later analysis.

Cytokine determination

The murine melanoma B16F10 cells were cultured on 24-well plates at a density of
10° cells/well. Cytokines were quantified at 24 h and 48 h in the supernatants of cultures
stimulated with ConBr at 2.5, 5.0, 10, 25, 50 and 100 pg/ml, or maintained only in the
culture medium (negative control). Culture supernatants were collected, and the
concentrations of the cytokines (IL-12) present in the supernatants were determined
using an enzyme-linked immunosorbent assay from Kit OptEIA (BD Biosciences, San

Diego, CA, USA), according to the manufacturer's instructions.

Determination of nitric oxide (NO) Production

The murine melanoma B16F10 cells were used to evaluate nitrite concentration
after stimulation with ConA (2.5 pg/ml) and ConBr (10 pg/ml) for 24 h, 48 h, 72 h, and 6
days. Culture media were carefully collected for subsequent analysis using the
colorimetric Griess method (Ding et al., 1988). NO concentration was estimated using a

standard curve (3.12-100 pmol/ml).
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Statistical analysis

All data were analysed using non-parametric tests. To detect differences among
groups, the Mann—-Whitney U test was used. All results were expressed using mean
values * standard deviation (S.D.) and were considered statistically significant when the

p value was <0.05.

Results and Discussion

Plant lectins are a group of proteins and glycoproteins with potent biological
activities. The anticancer properties of lectins have been demonstrated in vitro, in vivo
and in human case studies, suggesting their role as therapeutic agents. Lectin
molecules are known to bind to cancer cell membranes or receptors thereby, causing
cytotoxicity, apoptosis and inhibition of tumor growth (de Mejia and Prisecaru, 2005).

It was found that ConBr induced B16F10 cell death in a dose-dependent manner.
ConBr at 200 pug/ml exerted a potent inhibitory effect on the growth of B16F10 cells.
After B16F10 cells were incubated with 25 pg/ml for 24h, the inhibitory ratio reached
nearly 50%. Thus, 24 h incubation with 25 pg/ml is sufficient for 50% reduction of cell
growth (IC50) (Figure 1).

Apoptosis plays an important role in the regulation of cell number during
development and tissue homeostasis. The dysregulation of apoptosis resulting in
increased or decreased activity is associated with a variety of clinical disorders including
cancer, autoimmunity, neurodegenerative diseases, hematopoietic disorders and
infertility. Cancer chemotherapy utilizes apoptosis to eliminate tumor cells (Kiechle e

Zhang, 2002).
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In order to distinguish between intact, early apoptosis or late apoptosis of cells,
the cells were stained simultaneously with Annexin V and Pl (Vermes et al. 1995). To
quantify ConBr-induced apoptosis, B16F10 cells were stained with Annexin V/FITC and
Pl and were subjected to flow cytometry. In control culture, 18.57% cells were in early
apoptosis where as 8.5% cells were in late apoptosis stage. After the cells were treated
with ConBr (100 pg/ml) for 24 h, the percentages of apoptotic cells at early phase
increased to 16% and that of late phase increased to 71.5%. Whereas, when the cells
treated with ConBr (100 pug/ml) for 48 h, 9% cells were in the early apoptosis, and 84%
cells were in late apoptosis. These results clearly indicate that ConBr evoked apoptosis
in melanoma murine B16F10 cells (Figure 2).

The remarkable antineoplastic activity of plant lectins has driven much attention
to cancer studies (Jung et al., 2007). Researchs shows that suppression of apoptosis is
critical for tumour maintenance (Hickman, 2002). A great number of studies have
reported that some f‘ideal’ anti-cancer candidate drugs can induce apoptosis in
susceptible cancer cells (Nicholson, 2000). Like these anti-cancer drugs, ConBr
executed dose-dependent growth inhibitory effect on murine B16F10 cancer cells. It is
axiomatic that cancer therapies can work in two different ways, by induction of apoptosis
as well as by direct cytoxicity (Cheng et al., 2008).

The major break through in plant lectin research has been achieved with many
legume lectins in the study of antineoplastic activity (Orntoft and Vestergaard,1999).
ConA, the firstly reported legume lectin, is cytotoxic or strongly inhibitory to some tumor
cells, which has been found to be mediated by autophagy through mitochondrial
pathway. Nevertheless, the typical caspase-dependent apoptosis was not observed

(Chang et al.,2007).
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Liu et al., (2009) reported the mannose-binding activity of ConA had a significant
influence on the antiproliferative activity on human melanoma A375 cells. Authors
indicated that ConA induced human melanoma A375 apoptosis in a caspase-dependent
manner and also demonstrated that ConA induced human melanoma A375 cell death
through a mitochondrial apoptotic pathway.

The effect of rice bran agglutinin (RBA) on U937 cells was examined in
comparison with those of wheat germ agglutinin (WGA) and Viscum album agglutinin
(VAA). These lectins inhibit cell growth, and several cell lines of evidence indicate that
the growth inhibition is caused by the induction of apoptosis (Miyoshi et al., 2001). WGA
is able to induce apoptos is of various tumor cells after a very short time (30min) of
incubation (Gastman et al., 2004).

Figure 3 shows the migration assay of murine melanoma B16F10 cells when
cultured with different concentrations of ConBr. We could observe that inhibition of cell
migration occurred in a dose dependent manner. Concentrations under 10 pg/ml didn’t
present inhibitory effect on migration of murine melanoma B16F10 cells.

NO synthesis is part of the inflammatory response against pathogens, such as
bacteria, viruses, and tumor cells. Under conditions of massive NO formation the various
regulatory, cytostatic, and/or toxic consequences of NO may play important roles in the
pathophysiology of tissue or cell destruction. Toxic consequences as a result of NO
generation seem predictable. However, during infection and inflammation NO generation
appears to act both as a direct apoptotic inducer and as a regulator of other effectors.
Therefore, the role of NO during apoptosis is ambivalent and NO may function both, as
an activator and inhibitor of the death program, depending on the biological milieu, i.e.,

the presence or absence of stimulatory or inhibitory cosignals (Brune et al., 1998).
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Glycosylation of proteins and lipids is an intricately regulated process, which
results in a fingerprint-like profile of carbohydrate epitopes at the cell surface (Kopitz,
2009). Initially exploited as phenotypic cell markers (Danguy et al., 1994), increasing
evidence supports the concept for a pivotal functionality encoded in distinct aspects of
the glycomic profile, especially the spatially accessible branch-end structures including
sialylation, the branching pattern and the core substitutions of N-glycans (André et al.,
2009). According to Wouwer and colleagues (2011), NO affects the O-GlcNAcylation of
several cellular proteins, enhanced O-GIcNAcylation mostly concerns a set of at least
three proteins with apparent molecular masses of 150, 115 and 90 kDa.

Although only the ConBr concentrations of 25 pg/ml and 50 pg/ml were
statistically significant compared to control group (Figure 4), the concentration of NO
produced by the treated cells at concentrations between 2.5 pg/ml — 5 pg/ml, have been
sufficient to change the glycosylation pattern of the cells, thus reducing the affinity of
ConBr for carbohydrates on cell surface.

IL-12 cytokine induced by ConBr on murine melanoma B16F10 cells after
incubation time of 48 h showed statistically significant levels for used concentrations. It
was noticed that it did not occur in a dose-dependent manner (Figure 5).

IL-12 cytokine has the ability to stimulate natural killer cells (NK) cells (Perusia et
al., 1992) and induce production of cytokines such as IFN-y by T lymphocytes and NK
cells (Chan et al.,, 1991). Dabrowasha and colleagues (2000) demonstrated the anti-
angiogenic effect of IL-12 B16F10 melanoma cells when used with an inhibitor of
metalloproteinases (BB-94). IL-12 stimulated production of IFN-y, which in combination

with BB-94 has a greater antitumor effect. Lasek and colleagues (1997) and Coughlin
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and colleagues (1998) demonstrated that tumour cells express IL-12 have
antiangiogenic action by the induction of IFN-y.

Preliminary results of this study suggest that ConBr may be a potential antitumour
agent for B16F10 cells. Further studies must be performed in order to know possible
effects of lectins in this type of tumour as well as to understand how ConBr can affect in

vivo this type of cancer.
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Fig 1 Effect of ConBr on the proliferation of murine melanoma B16F10 cells. Inhibition
of proliferation was calculated according to materials and methods with date obtained
from quadruplicate experiments. Cells (3 X 10°) were treated with differents ConBr
concentrations at 24 h (A) and 48 h (B).
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Fig. 2 The apoptotic ConBr effect on murine melanoma B16F10 cells at 24 h (A) and 48

h (B). Murine melanoma B16F10 cells (5 X 10° cells/ml) were treated with diferents

ConBr concentrations. Induction of B16F10 cell death was characterized by apoptosis.

ConBr A induced increased apoptosis and late apoptosis as compared to the control.
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Fig 3 Effects of ConBr on cell migration in B16-F10 cells. B16-F10 cells (10°) were
treated with ConBr (0, 10, 25, 50, and 100 pg/ml) for 24 h. Cell migration was
determined by cell migration assay. The plates were photographed at 0 and 24 h post-

wounding, and were determined by quantifying the relative proportion wounded at time
zero.
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Fig. 4 NO production in murine melanoma B16F10 cells with ConBr. Cells (5 X 10°
cells/ml) were stimulated by ConBr (2.5, 5.0,10, 25, and 50 pg/ml) for 24 h and 48 h (A
and B respectively). Non-stimulated cells were used as negative controls.
Supernatants were collected, and the nitrite (NO) concentration from the supernatants
was determined using the Griess reagent as described in the Materials and Methods.
Data represent the means + SD of two independent observations performed in
triplicate. Differences were considered significant at p < 0.05 as compared to the ConA
positive control and negative control groups.
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Fig 5 IL-12 production in murine melanoma B16F10 cells with ConBr. Cells (5 X 10°
cells/ml) were stimulated by ConBr (2.5, 5.0,10, 25, and 50 pg/ml) for 24 h and 48 h
(A and B respectively). Non-stimulated cells were used as negative controls.
Supernatants were collected, and the IL-12 concentration from the supernatants was
determined using an enzyme-linked immunosorbent assay from Kit OptEIA (BD
Biosciences, San Diego, CA, USA). Data represent the means + SD of two
independent observations performed in triplicate. Differences were considered
significant at p < 0.05 as compared to the ConA positive control and negative control

groups.
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6. CONCLUSOES

Verificou-se neste estudo que a lectina ConBr induziu a proliferacdo de
esplendcitos murinos promovendo a produgdo de citocinas e 6xido nitrico, além de
apresentar um efeito anti prolferativo frente a células B16F10 de melanoma murino.

Estudos futuros deverdo ser realizados a fim de se estudar o envolvimento do
sitio ligador de carboidrato nas respostas observadas, além disso, pesquisas
demosntram que algumas lectinas apresentam atividade biolégica mesmo apés sofrer
desnaturacao, indicando a existéncia de outros sitios ligadores na molécula, outro

aspecto interessante e que também pode ser investigado em pesquisas futuras.
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Cell and Tissue Research
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Cell & Tissue Research publishes reports on novel results in any area of experimental
biology. The work should be of high significance within its field, but also of interest to
researchers outside the immediate area. Papers should be as concise as possible.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a
subscription), Springer now provides an alternative publishing option: Springer Open
Choice. A Springer Open Choice article receives all the benefits of a regular
subscription-based article, but in addition is made available publicly through Springer's
online platform SpringerLink. We regret that Springer Open Choice cannot be ordered

for published articles. Open Choice does not apply to Society Journals.

Editorial procedure

Paper submissions will no longer be accepted. Authors are requested to submit papers
in English online in order to facilitate quick and efficient processing. Electronic
submission substantially reduces the editorial processing and reviewing times and
shortens overall publication times.

To submit your manuscript log directly onto the site at the following link and upload your
manuscript following the onscreen instructions

http://mc.manuscriptcentral.com/ctr

Co-authors should note that they have the responsibility to read and edit manuscripts
bearing their name.

For further information contact the Editorial Office: ctr@springer.com

Organization and General Style of Research Articles
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Articles need to be efficient and concise. Authors are requested to submit a cover letter
explaining the significance of the work and its contribution to the field.

Abstract:

A single paragraph of fewer than 250 words.

Keywords:

Up to five.

Introduction:

Succinct, no subheadings.

Materials and methods:

Should follow the Introduction and should provide enough information to permit
repetition of the experimental work.

Results and Discussion:

May each be divided by subheadings. Symbols and names for genetic loci, alleles,

DNA and RNA should be italicized. Nonstandard abbreviations should be defined

when first used in the text. All text should be double spaced.

References:

Include only articles that have been published or are in press. Personal communications
should be documented by a letter of permission.

Please use the following style:

Bornstein JC, Furness JB, Smith TK, Trussell DC (1991) Synaptic responses evoked by
mechanical stimulation of the mucosa in morphologically characterized myenteric
neurons of the guinea pig ileum. J Neurosci 11:505-518

Furness JB, Costa M (1987) The enteric nervous system. Churchill Livingstone,
Edinburgh Unsicker K, Suter-Crazzolara C, Krieglstein K (1999) Neurotrophic roles of
GDNF and related factors. In: Hefti F (ed) Handbook of experimental pharmacology, vol
134. Neurotrophic factors. Springer, Berlin Heidelberg New York, pp 189-224
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For the best quality final product, it is highly recommended that you submit all of your
artwork — photographs, line drawings, etc. — in an electronic format. Your art will then be
produced to the highest standards with the greatest accuracy to detail. The published

work will directly reflect the quality of the artwork provided.

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork. For vector graphics, the
preferred format is EPS; for halftones, please use TIFF format. MS office files are not
acceptable. Vector graphics containing fonts must have the fonts embedded in the files.
Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Line drawings should have a minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs or paintings with fine shading.

If any magnification is used in the photographs, indicate this by using scale bars

within the figures themselves (without lettering).

Halftones should have a minimum resolution of 300 dpi.

Combination Art

Definition: a combination of halftone and line art, e.g., halftone plus line drawing,
halftone with extensive lettering, color diagrams.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color illustrations if meaningful are free of charge.

Color illustrations should be submitted as RGB (8 bits per channel).
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Figure Lettering

To add lettering, we request to use Arial.

Keep lettering consistently sized throughout your final-sized artwork, usually about 12 -
16 pt.

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type
on an axis and 20-pt type for the axis label.
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Do not include titles or captions into your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures must always be cited in text in consecutive numerical order.
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figures.
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No punctuation is to be included after the number, nor is any punctuation to be placed at
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Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

Authors must prepare their illustrations to match following sizes:

- 1 subcolumn width (3.9 cm)

- 1 column width (8.4 cm)

- 1.5 column width (12.9 cm)
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- the whole page width (17.4 cm)

- length can vary, but must not exceed 23.4 cm
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space between the individual parts of a figure should be consistently 1 mm.

Cover figures

Cover figures are chosen by the Coordinating Editor. Suggestions for cover illustrations
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