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RESUMO
O presente artigo apresenta a parceria cientifica entre o Instituto de Bioquimica Médica Leopoldo de Meis (IBqMLM) da Universidade Fe-
deral do Rio de Janeiro (UFRJ) e o Instituto de Pesquisas Biomédicas (IPB) do Hospital Naval Marcilio Dias (HNMD). Mais especificamente,
séo descritas as linhas de pesquisa relacionadas a progressao tumoral em bases moleculares pertencentes ao IBqQMLM e os proximos passos
a serem desenvolvidos no IPB por meio de analises in vitro e in vivo visando, num futuro préximo, a utilizacgo das descobertas cientificas no
campo da pratica clinica. A parceria IPB / IBqQMLM reflete o principio da pesquisa translacional, em que os achados laboratoriais sao traduzidos
em novas praticas médicas tendo como objetivo final a prevengdo, o diagndstico e o tratamento das doencas.
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INTRODUCAO

Em um contexto geral, pesquisa translacional € o processo de tornar observagdes obtidas no laboratério, na clinica e na comunidade em
intervencdes que melhorem a saude de individuos e do publico — desde o diagndstico e a terapéutica até os procedimentos médicos (segundo
o0 Centro Nacional de Avancos em Pesquisa Translacional, do NIH-USA). No entanto, do ponto de vista basico-clinico, a pesquisa translacional
pode contemplar trés etapas: o estudo das bases moleculares envolvidas em uma determinada doenca por meio de experimentos in vitro;
0s estudos pré-clinicos, onde as bases moleculares investigadas in vitro sdo avaliadas em modelos experimentais em animais, in vivo; € 0s
estudos clinicos, onde as bases moleculares de doengas, investigadas nos experimentos in vitro e in vivo, sao testadas em seres humanos.'

Do ponto de vista operacional, a pesquisa translacional deve contar com a participacéo de pesquisadores da area biomédica com sélida
formacéo bésica-molecular; que venham de uma instituicdo que ofereca uma infraestrutura de pesquisa basica; instituicdo esta que, por sua
vez, tenha uma estrutura profissional multidisciplinar da area clinica com interesse em pesquisa; e, finalmente, uma infraestrutura assistencial
adequada, um banco de dados de seus pacientes e um banco de amostras de tecidos (importante principalmente em estudos retrospectivos).?
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0 modelo de interacao Instituto de Pesquisas Biomédicas do
Hospital Naval Marcilio Dias e o Instituto de Bioquimica Médica
da Universidade Federal do Rio de Janeiro.

Para exemplificar um modelo de parceria institucional de pesqui-
sa translacional, em um contexto de pesquisa basico-clinica, des-
crevemos de forma mais detalhada, a parceria entre o Instituto de
Pesquisas Biomédicas (IPB) do Hospital Naval Marcilio Dias (HNMD)
e o Instituto de Bioquimica Médica Leopoldo de Meis (IBQMLM) da
Universidade Federal do Rio de Janeiro (UFRJ).

A interac@o entre IPB-HNMD/IBqMLM-UFRJ fornece todos os
elementos necessarios ao desenvolvimento de estudos translacio-
nais basico clinicos, uma vez que o seu conjunto tem permitido: o
estudo das bases moleculares de doencas; a identificagdo de molé-
culas alvo; a identificagdo de novos agentes terapéuticos; a compro-
vagdo do conceito basico pela pratica através do desenvolvimento
dos estudos clinicos retrospectivos e prospectivos em pacientes.

Nesta interag@o, os pesquisadores do IBqMLM-UFRJ apresenta-
ram ao IPB a hip6tese sobre o mecanismo molecular de progressao
tumoral de carcinomas, fruto do trabalho de pesquisa basica desen-
volvido durante a realizagdo de um projeto de mestrado,vinculado ao
Programa de Pés-graduag@o em Quimica Bioldgica da UFRJ. Junta-
mente com pesquisadores do IBqMLM-UFRJ, pesquisadores do IPB
e médicos do Servico de Patologia Clinica do HNMD, envolvendo
profissionais de diferentes expertises,desenharam dois estudos cli-
nicos translacionais: um estudo retrospectivo e outroprospectivo, que
foram submetidos & avaliagdo e aprovados pelo Comité de Etica em
Pesquisa do HNMD. Esta caracteristica multidisciplinar é de funda-
mental importancia a pesquisa translacional.

Bases moleculares da progresséo tumoral

A doenca metastatica é a responsavel por mais de 95% dos 6bi-
tos dos pacientes com cancer e esta relacionada com a progresséo
tumoral. A complexidade do fendmeno é evidente, envolvendovarios
mecanismosmoleculares e celulares que ocorrem no tumor primario,
no sitio pré-metastatico e no interior do vaso,na corrente sanguinea.

Em todos os sitios presentes na progressao tumoral existe
uma interacdo dindmica e complexa entre 0 microambiente e as
células tumorais. Assim, no tumor primario, o fenémeno mais im-
portante é a transi¢@o do fendtipo epitelial das células tumorais
para o fendtipo mesenquimal. Este novo fenétipo confere a célula
a capacidade de migrar pelo tecido e alcancar o vaso sangui-
neo. No sitio metastatico, ocorre o fendmeno oposto, ou seja, a
transicao do fendtipo mesenquimal das células tumorais para o
epitelial, que permite com que o tumor se estabelega e cresca.
Ja os fendmenos que acontecem no interior do vaso permitem
a sobrevivéncia das células tumorais e a coloniza¢do de 6rgéos
distantes. Conjuntamente, estes sdo denominados de metéstase
hematogénea e serd um dos focos deste artigo.*

As moléculas de importancia para a sobrevivéncia da célula
tumoral no interior do vaso s@o a mucina e a P-selectina, molécu-
las de adeséo celular. A mucina esta presente em grande quanti-
dade na superficie das células tumorais, enquanto que a P-selec-
tina é expressa na superficie de plaquetas ativadas. A interacdo
da célula tumoral com a plaqueta no interior do vaso é mediado
pela ligacdo da P-selectina da plaqueta e a mucina da célula tu-
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moral. O complexo célula tumoral-plaqueta é importante para a
sobrevivéncia da célula tumoral na corrente sanguinea durante
a metastase.’

O efeito anti-P-selectina da heparina

A heparina € um composto natural obtido de mucosa intestinal
suina, usado como anticoagulante principalmente na prevencéo da
trombose venosa. No entanto foi mostrado que a heparina comercial
¢ também capaz de inibir a ligagdo de P-selectina & mucina e con-
sequentemente a formacé@o do complexo célula tumoral-plaqueta. A
dindmica dos eventos envolvidos na formagéo da metéstase hema-
togénica é observada na (Figura 1). Células tumorais no tumor pri-
mario sofrem transicao epitélio-mesenquimal e adquirem capacidade
de migrar e penetrar no vaso. No interior do vaso, as células tumorais
formam rapidamente um complexo com as plaquetas ativadas, impe-
dindo a a¢do das células do sistema imune, as células NK (Natural Kil-
ler), proporcionando a sobrevivéncia das células tumorais no vaso du-
rante a metastase e a formacgéo de um tumor em um sitio secundario.®
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Figura 1: O efeito anti-P-selectina da heparina. Durante a metdstase,
células tumorais invadem a corrente sanguinea e, Id, interagem com
plaquetas, que formam uma capa protetora, promovendo a evasdo do
sistema imune durante seu transito pela corrente sanguinea. Esta interagdo
ocorre entre a P-selectina de plaquetas e as mucinas presentes na
superficie de células tumorais (inserto A). A heparina liga-se & P-selectina
e impede sua interagcdo com seus ligantes como as mucinas de células
tumorais (inserto B).
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Na presenca de heparina, a interagdo entre a P-selectina das
plaquetas com as mucinas das células tumorais € inibida, evitando a
formacéo do complexo célula tumoral-plaqueta, permitindo o ataque
das células NK que destroem as células tumorais, evitando a for-
magao do tumor no sitio secundario. Como resultado da inibicao da
formacéo do complexo célula tumoral-plaqueta, a metéstase é dras-
ticamente inibida (Figura 2) Portanto, a heparina possui um efeito
terapéutico na metéstase.®
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Figura 2: Manganés (Mn2+) e migragdo celular. A interagdo do Mn2+
com integrinas, expressas na superficie de uma célula estaciondria, leva
a mudanca conformacional destas proteinas de adesdo, ativando-as para
a interacdo com seu ligante presente na matriz extracelular, a fibronectina.
A formagdo de um complexo terndrio entre integrina ativada, fibronectina e
sindecam, um proteoglicano de superficie celular, tem grande importancia
na migragéo celular.

Serd que a heparina utilizada atualmente na clinica € uma boa
opcao terapéutica no combate a progressao tumoral? Para res-
ponder a esta questdo, dois pontos precisam ser considerados:
1- os efeitos anticoagulante e antimetastético possuem mecanismos
diferentes: a ativagdo da antitrombina e a inibicdo da P-selectina,
respectivamente;

2- 0 elevado risco de hemorragia associado ao tratamento
com heparina.

Evidentemente, uma excelente droga antimetastatica, neste con-
texto, deveria possuir uma elevada atividade anti-P-selectina e uma
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baixa ou inexistente atividade anticoagulante. Portanto, qual seria
uma alternativa adequada para uma droga antimetastatica? Se qui-
séssemos manter a natureza glicidica desta droga, e considerando
0 uso frequente da heparina, poderiamos concluirque analogos de
heparina com elevada atividade anti-selectina, mas desprovida de
efeito anticoagulante, seria uma droga com potencial utilizagéo tera-
péutica no tratamento da metastase.

Analogos de heparina de invertebrados marinhos

Os oceanos representam cerca de 70% da superficie do plane-
ta Terra e abriga organismos extremamente diversos, com espécies
de quase todos 0s grupos de animais, incluindo alguns filos exclusi-
vamente marinhos. O censo da vida marinha (http://www.coml.org/
census) coordenado pelo The Consortium for Ocean Leadership in
Washington DC, USA, estima que cerca de 230.000 espécies de ani-
mais marinhos tenham sido descritas. Durante o curso da evolugao,
0s animais marinhos tem se adaptado & condicées ambientais adver-
sas, como elevada concentracao de sais, temperaturas extremas, al-
ta press@o, e baixa concentragéo de nutrientes e oxigénio. Como re-
sultado, moléculas biolégicas com caracteristicas estruturais unicas,
nao encontradas nos seus correspondentes terrestresséo sintetiza-
das, representando um enorme potencial de utilizagdo em diferentes
aplicacdes biotecnoldgicas na industria e na medicina.” Dessa forma,
além dos metabdlitos secundarios, que constituem a forga motriz na
area dos produtos naturais,® os invertebrados marinhos também sin-
tetizam macromoléculas, entre elas polissacarideos sulfatados, com
estrutura semelhante & heparina de mamiferos, porém com diferen-
tes padrdes de sulfatacéo.

A busca por andlogos de heparina com atividade biologica em in-
vertebrados marinhos € uma atividade prospectiva recente que tem
produzido uma enorme quantidade de bibliografia e que vem revelan-
do novas moléculas com atividades bioldgicas diversas, como anti-
coagulante, antiviral, antitumoral, atividade de crescimento neuronal,
entre outras (Tabela 1).

O Laboratdrio de Bioquimica e Biologia Celular de Glicoconjuga-
dos do IBqMLM-UFRJ identificou, em invertebrados marinhos uro-
cordados coletados durante a Operagao Antartica XXXII, a bordo do
Navio Polar Maximiano, andlogos de heparina com elevada atividade
anti-P-selectina, baixa atividade anticoagulante e efeito hemorragi-
co desprezivel. Por exemplo, anélogos de heparina do tipo derma-
tam sulfato, sdo potentes inibidores da P-selectina e como consequ-
éncia, previnem a interacdo células tumorais-plaquetas e atenuam
drasticamente a metdstase tumoral. Estas moléculas possuem baixa
atividade anticoagulante e ndo induzem sangramento quando admi-
nistrados por via intravenosa.® Concluindo, os analogos de heparina
de invertebrados inibem a P-selectina e a formagéo do complexo-
célulatumoral-plaquetas no interior do vaso sanguineo e atenuam a
metastase de carcinomas.

Este achado possui uma enorme significancia clinica, como po-
de ser observado nos varios ensaios clinicos desenhados para es-
tudar o efeito anticancer de andlogos de heparina, registados no US
National Institute of Health database http://www.clinicaltrials.gov/ e
US Clinical Trials Register http://www.clinicaltrialsregiter.eu/ em se-
tembro de 2012.

No Instituto de Pesquisas Biomédicas os analogos de heparina
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Tabela 1: Atividades bioldgicas de andlogos de heparina de invertebrados marinhos.

Espécie Anadlogo de heparina Atividade bioldgica
Tachypleustridentatus Condroitim sulfato supersulfatado Atividade neuritogénica
Atividade inibitéria do crescimento neuronal; Atividade inibitéria de
Loligosp Condroitim sulfato supersulfatado P- e L-selectina; Atividade de induc&o do crescimento neuronal;
Atividade de inibi¢ao da infec¢do do virus da Herpes
Atividade antitrombdtica e anticoagulante;
Holothuriagrisea . Atividade inibitdria de P- e L-selectina;
) ) Condroitim sulfato supersulfatado o ) o
(Ludwigothureagrisea) Atividade antimetastatica;
Atividade de indug@o da angiogénese
Halocynthiapyriformis Condroitim sulfato supersulfatado Atividade anticoagulante

Styela clava Condroitim sulfato

Penaeus brasiliensis Heparina de baixo peso molecular
Litopenaeusvannamei Heparina
Katelysia opima heparina-“like”
Nodipectennodosus heparina-“like”

Atividade anti-inflamatdria
Atividade antitrombdtica e anticoagulante
Atividade anticoagulante; Atividade anti-inflamatéria
Elevada atividade anticoagulante

Atividade anticoagulante; Atividade antitrombdtica, Atividade anti-
inflamatdria; Atividade antimetastatica

previamente extraidos das ascidias estao sendo identificados e mais
estudos in vitro, além de estudos pré-clinicos in vivo, tém sido reali-
zados no intuito de comprovar as hipéteses levantadas com os estu-
dos em nivel molecular.

O manganés e a migracdo celular

O fendmeno da migragdo celular é bastante complexo e envolve
a interacdo de moléculas de adesdo localizadas tanto na superficie
da célula quanto na matriz extracelular. Estas moléculas sdo: a inte-
grina, molécula de ades@o presente na superficie, responsavel pela
interacdo da célula com a matriz; o proteoglicano de sindecam, um
analogo de heparina de superficie celular; a fibronectina, uma molé-
cula de matriz; e o elemento manganés.

Como estas moléculas se relacionam na migragéo celular? Na
presenca de manganés, a integrina sofre uma mudanca conforma-
cional, tornando-se ativa e permitindo sua interagdo com a fibronec-
tina da matriz que, por sua vez, requer o sindecam na superficie
celular (Figura 2). Este complexo terndrio, induzido pelo manganés
permite uma reorganizagdo do citoesqueleto celular, permitindo a
migracdo. Dados preliminares, ndo publicados, indicam que, na-
presenca de manganés, as células tumorais migram de maneira
muito mais rapida.Interessantemente, observa-se que a adi¢éo de
heparina reverte o efeito indutor da migracéo produzido pelo man-
ganés. Acreditamos que este efeito inibitdrio da heparina seja resul-
tado do sequestro do manganés extracelular, impedindo sua intera-
¢do com a integrina.

Para comprovagao do papel do elemento manganés no aumento
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da migracdo das células tumorais e consequentemente na forma-
cdo da metastase, cortes histoldgicos de tecidos de pacientes com
cancer de colén mantidos no Servigo de Patologia do HNMD tém
sido analisados e relacionados com o estadiamento da doenca. A
confirmagédo desta hipdtese pode gerar a inclusdo da pesquisa do
manganés em material de bidpsia como fator preditivo da formagao
de metéstase.

DISCUSSAO

As pesquisas sobre o cancer em nivel molecular e celular desen-
volvidas no Instituto de Bioquimica Médica da Universidade Federal
do Rio de Janeiro s@o reconhecidas por meio de suas publica¢des
em revistas cientificas de grande impacto na comunidade cientifi-
ca internacional. Entretanto, a relevancia da pesquisa se justifica
quando suas descobertas, em Ultima analise, s&o traduzidas em be-
neficios para a satide do ser humano. E por isso que a interacéo
da pesquisa basica da UFRJ consolida-se com a parceria que se
apresenta com o Hospital Naval Marcilio Dias, por meio do Institu-
to de Pesquisas Biomédicas. A eficiéncia do Hospital no registro e
manutencdo dos dados de seus pacientes e o banco de amostras
de tecidos permite que estudos retrospectivos sejam realizados para
a comprovagéo dos dados obtidos in vitro e in vivo com animais de
experimentac&o. As observagdes obtidas de estudos retrospectivos
permitem entdo a realizagdo de estudos clinicos prospectivos em
pacientes atendidos no HNMD, apds autoriza¢@o dos mesmos. Tudo
isso se traduz em elevacédo da exceléncia no atendimento, com a in-
troducéo de novas possibilidades ao arsenal terapéutico.
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CONCLUSAO

A pesquisa translacional em saude nasceu da necessidade de
uma maior interagéo entre laboratdrio e clinica. Os achados obser-
vados em nivel molecular apresentam continuidade quando os mes-
mos s&o testados e comprovados na pratica médica. Neste contexto,
a interagéo entre o IPB-HNMD e o IBqMLM-UFRJ traduz o conceito
de Pesquisa Translacional Basico-Clinica ao aliar pesquisadores de
diferentes dreas envolvidos desde o laboratdrio até a clinica médica
na busca pela melhoria da saude dos seres humanos.
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ABSTRACT
This paper presents the scientific partnership between the Institute of Medical Biochemistry Leopoldo de Meis (IBQMLM) of the Federal
University of Rio de Janeiro (UFRJ) and the Institute of Biomedical Research (IPB) of Marcilio Dias Naval Hospital (HNMD). More specifically,
it describes the research lines of the IBqMLM related to the tumor progression in molecular basis as well as the next steps to be developed in
IPB by in vitro and in vivo analysis targeting, in the near future, the use of scientific discoveries in the field of clinical practice. The partnership
IPB/IBqMLM reflects the principle of translational research which the laboratory findings are translated into new medical practices with the
ultimate goal of prevention, diagnosis and treatment of diseases.

Keywords: Translational medical research; Neoplasm metastasis; Urochordata; Epithelial-mesenchymal transition; Manganese.

INTRODUCTION

In a general context, translational research is the process of turning observations obtained in the laboratory, clinical and community into
interventions that ultimately improve the health of individuals and the public-from diagnosis and therapeutics to the medical procedures (ac-
cording to the “National Center forAdvancingTranslationalScience” - NIH-USA). However, from the basic-clinical point of view, translational
researchcan contemplatethreephases: the study of the molecular basis involved in a particular disease through in vitro assays; preclinical
studies, where in molecular bases in vitro investigated are evaluated using laboratory animal models, in vivo; and clinical studies, where in
the molecular basis of diseases investigated through in vitro and in vivo assays are tested in humans.'

From an operational point of view, translational research should include the participation of biomedical researchers with solid basic-mo-
lecular qualification; who came from a institution that offers a basic research infrastructure; institution that, in turn, has a multidisciplinary pro-
fessional structure of physicians with research concerns; and finally, adequate healthcare infrastructure, a database of patients and a tissue
bank of bio-samples (especially important when it comes to retrospective studies).?
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The interaction model between The Institute of
Biomedical Research of the Marcilio Dias Naval
Hospital and the Medical Biochemistry Institute of
the Federal University of Rio de Janeiro

In order to illustrate an institutional translational research part-
nership model in a basic-clinical research context, we describe here
in more details the partnership between the Institute of Biomedical
Research (IPB) of the Marcilio Dias Naval Hospital (HNMD) and the
Institute of Medical Biochemistry (IBqM) of the Federal University of
Rio de Janeiro (UFRJ).

The interaction between the IPB-HNMD/IBqM-UFRJ provides
all necessary elements for the development of basic-clinical trans-
lational studies, once the congregation has allowed: the study of the
molecular basis of diseases; the identification of target molecules;
the identification of new therapeutic agents; the evidence of the ba-
sic concept by the practice through the development of retrospective
and prospective clinical studies in patients.

In this interaction, researchers at the IBqM-UFRJ introduced to
the IPB researchers the hypothesis about the molecular mechanism
of the progression of carcinoma tumor, which is the result of a basic
research developed during the preparation of a master project from
the UFRJ Biological Chemistry Postgraduate Program. Together with
IBQMLM-UFRJ researchers, the researchers at IPB as well as phy-
sicians at the Clinical Pathology of HNMD, which involvedprofession-
als from different areas of expertise (this multidisciplinary character-
istic is of great importance to the translational research), two clinical
translational studies were designed: a retrospective and a prospec-
tive study who underwent evaluation and approved by the Research
Ethics Committee of HNMD.

Molecular basis oftumor progression

Metastatic diseaseis responsible forover 95% of patient cancer
deathsandis associatedwith tumor progression. The complexity of
the phenomenon is evident, encompassing manymolecularand cel-
lular mechanisms occurring in the primary tumor,in the pre-metastat-
ic siteandwithin the vessel, in the bloodstream.®

In all sites of the tumor progression, there is a dynamic and com-
plex interaction between the microenvironment and the tumor cells.
Thus, in the primary tumor, the most important phenomenon is the
transition from epithelial phenotype of tumor cells to mesenchymal
phenotype. This new phenotype gives to the cell the ability to migrate
through the tissue and achieve the blood vessel. In metastatic site,
the opposite phenomenon occurs, i.e. the transition from mesenchy-
mal to epithelial phenotype of the tumor cells, allowing the tumor to
set up and grow. On the other hand the phenomena that take place
inside the vessel allow the survival of tumor cells and the coloniza-
tion of distant organs. Together, these are known as hematogenous
metastases and this theme will be one of the focuses of this article.*

Themolecules ofimportancefor the survival of the tumor cells in-
side the vessel are mucin and P-selectin cell adhesion molecules.
Mucin molecule is present in large amount on the surface of tumor
cells, where as P-selectin molecule is expressed on the surface of
activated platelets. The interaction between tumor cell and platelets
in the vessel is mediated by binding of the platelet P-selectin and
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mucin tumor cell. The platelet-tumor cell complex is important for the
survival of tumor cells into the blood stream during metastasis.®

The anti-P-selectin effect of heparin

Heparin is a natural compound obtained from the porcine intes-
tinal mucosa, primarily used as an anticoagulant for the prevention
of venous thrombosis.

However it has shown that commercial heparin is also able to
inhibit binding of P-selectin to the mucin molecule and therefore, the-
formation of thetumor cell-platelet complex. The dynamic ofevents
involved in the formation of hematogenous metastasis is observed
in figure 1. Tumor cellsin the primary tumorundergoepithelial-mesen-
chymal transition and thenacquirethe ability tomigrate andpenetrate
into thevessel.Inthe vessel, tumor cells readily forma complexwithac-
tivated platelets, preventing the action ofimmune cells, NK (natural
killer) cells, providing the survival of tumor cells in the vessel during
metastasis and the formation of a tumor at the secondary site.®
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Figure 1: The anti-P-selectin effect of heparin. During metastasis, tumor
cells invade the blood stream and once there, interact with platelets, which
form a protective cover, promoting the evasion of the immune system during
its flow into the bloodstream. This interaction occurs between P-selectin
and mucin platelets on the surface of tumor cells (insert A). Heparin binds
to P-selectin and prevents its interaction with its ligands such as tumor cell
mucin (insert B).

In the presence of heparin, the interaction between P-selectin
of platelets with mucins from the tumor cells is inhibited, preventing
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the formation of the tumor cell-platelet complex, enabling the attack
of NK cells to destroy tumor cells and preventing the formation of
the secondary tumor site. As a result of inhibition of tumor cell-plate-
let complex, the phenomenon of metastasis is dramatically inhibited
(Figure 2). Thus, heparin has a therapeutic effect on metastasis.®
Does heparin currently used in the clinical practice is a good
therapeutic option in fighting the tumor progression? To answer this
question two points need to be considered:
1- the anticoagulant and antimetastatic effects have different mech-
anisms: the activation of antithrombin and inhibition of P-selectin,
respectively;
2- the high bleeding risk associated to treatment with heparin.
IClearly in this context, an excellent antimetastatic drug should
have a high anti-P-selectin activity and low or no anticoagulant activi-
ty. So what would be a suitable alternative to an antimetastatic drug?
If we wanted to keep glicidic nature of this drug, and considering the
routinely use of heparin, one could conclude that heparin analogues
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Figure 2: Manganese (Mn2 +) and cell migration. The interaction of
integrins with Mn2 + expressed on the surface of a stationary cell leads
fo a conformational change of these adhesion proteins, enabling them to
interact with their ligand present in the extracellular matrix, fibronectin.
The formation of a ternary complex between activated integrin, fibronectin
and syndecan, a cell surface proteoglycan, is of great importance in cell
migration.

with high anti-selectin activity, but devoid of anticoagulant effect, would
be a drug with potential therapeutic use in the treatment of metastasis.

‘ ‘ Revista Cientifica 2015.indt 61

Heparin analogues of marine invertebrates

Oceans account for about 70% of the surface of the Earth plan-
et, and are also home of extremely diverse organisms, with species
of almost all groups of animals, including some exclusively from
the marine phyla. The Census of Marine Life (http://www.coml.org/
census) coordinated by "The Consortium for Ocean Leadership in
Washington DC, USA", estimates that about 230,000 species of ma-
rine animals have been described. During the course of evolution,
marine animals have been adapted to adverse environmental con-
ditions such as high concentration of salts, extreme temperatures,
high pressure andlow concentration ofnutrients andoxygen. As a re-
sult, biological molecules with unique structural features, not found in
their terrestrial matches are synthesized, counting for an enormous
potential for use indifferent biotechnology applications in the industry
as well as the clinical medicine.” Thus, in addition to the secondary
metabolites, which are the driving force in the field of natural prod-
ucts®, marine invertebrates also synthesize macromolecules, includ-
ing sulfated polysaccharides, structure similar to the mammal hepa-
rin, but with different patterns of sulfation.

The search for heparin analogs with biological activity in marine
invertebrates is a recent prospective activity, which has produced an
enormous amount of literature and also has revealing new molecules
with different biological activities such as anticoagulant, antiviral, an-
ti-tumor, nerve growth activity, among others (Table 1).

The Laboratory of Biochemistry and Cell Biology Glycoconju-
gates of the IBqMLM-UFRJ has identified, in a diversity of urochor-
data marine invertebrates collected during Antartica XXXII Opera-
tion aboard the Polar ship Maximiano, heparin analogues with high
anti-P-selectin activity, low anticoagulant activity and low hemorrhag-
ic effect. For example, the type dermatan sulfate heparin analogs are
potent inhibitors of P-selectin and consequently, preventing the tu-
mor cells-platelets interaction in a drastic way thusattenuatingtumor
metastasis. These molecules have low anticoagulant activity and do
not induce bleeding when administered intravenously.® In conclusion,
the in vertebrate heparin analogues: inhibit P-selectin and the forma-
tion ofplatelet-tumor cell complex in the blood vessels and attenuate
the metastasis of carcinomas.

This finding has a tremendous clinical significance, being ob-
served in several clinical trials designed to study the anti-cancer ef-
fect of heparin analogues, registered in the US National Institute of
Health database http://www.clinicaltrials.gov/ and US Clinical Trials
Register http://www.clinicaltrialsregiter.eu/ in September 2012.

At the Institute of Biomedical Research heparin analogues previous-
ly extracted from sea squirts are being identified and more in vitro stud-
ies, as well as preclinical in vivo studies have been conducted in order to
confirm the hypotheses raised with studies at the molecular level.

The manganese and cell migration

Cell migration is a very complex phenomenon and involves the inter-
action of adhesion molecules located both at the cell surface and extracel-
lular matrix. These molecules include: integrin, adhesion molecule located
on the surface, responsible for the interaction between the cell and the ex-
tracellular matrix; syndecan proteoglycan, an heparin analogue located on
the cell surface; fibronectin, a matrix molecule; and manganese element.
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Table 1: Biolgical activity of heparin analogs from marine invertebrates.

Species Heparinanalogue Biologicalactivity
Tachypleustridentatus Oversulfatedchondroitin sulfate Neuritogenicactivity
Neuronal growth inhibitory activity; P- and
Loligosp Oversulfatedchondroitin sulfate L-selectininhibitoryactivity; Neuronal growthinductionactivity;

Holothuriagrisea (Ludwigothureagrisea)

Halocynthiapyriformis Oversulfatedchondroitin sulfate
Styela clava Chondroitin sulfate
Penaeus brasiliensis Low molecular weightheparin
Litopenaeusvannamei Heparin
Katelysia opima heparin-like
Nodipectennodosus heparin-like

Oversulfatedchondroitin sulfate

Herpexvirus infection inhibitory activity

Anticoagulantandantithromboticactivity; P- and
L-selectininhibitoryactivity; Antimetastatic activity; Angiogenesis
induction activity

Anticoagulantactivity
Antiinflammatoryactivity
Anticoagulantandantithromboticactivity
Anticoagulantactivity; Antiinflammatoryactivity
High antivcoagulantactivity

Anticoagulant andantithromboticactivity, Antiinflammatory activity;
Antimetastatic activity

How do these molecules relate to each other during the cell mi-
gration? In the presence of manganese, integrin undergoes a con-
formational change to become active and allowing interaction with
matrix fibronectin which, in turn, requires syndecan on the cell sur-
face (Figure 2). This manganese-induced-ternary complex allows the
reorganization of the cell cytoskeleton, enabling then the migration.10
Unpublished preliminary data indicate that, in the presence of man-
ganese, the tumor cells migrate in a faster way. Interestingly, it is ob-
served that the addition of heparin reverses the effect of the migration
inducer produced by manganese. We believe that this inhibitory effect
of heparin may result from the extracellular manganese sequestration
preventing its interaction with integrin.

In order to prove the role of manganese element in the increased
migration of tumor cells and consequently the formation of metasta-
ses, histological sections of tissue kept in the HNMD Pathology Ser-
vice from patients with colon cancer have been analyzed and relat-
ed to the staging of the disease. Confirmation of this hypothesis can
generate the inclusion of manganese search in biopsy material as a
predictor of metastasis formation.

DISCUSSION

Research emphasis on the molecular and cellular basis of cancer
developed in the Medical Biochemistry Institute of the Federal University
of Rio de Janeiro are well recognized by the published papers in scientif-
ic journals of great impact among the international scientific community.
However, the relevance of the research is justified when their findings
ultimately translate into benefits for the health of human beings. That is
why the interaction of basic research at UFRJ is consolidated with the
partnership with the Marcilio Dias Naval Hospital, by the Institute of Bio-
medical Research. The efficacy of the Hospital in registering and main-
taining the data of their patients as well as the tissue bank samples allow
retrospective studies to be conducted for verification of the data obtained
by in vitro and experimental animals in vivo tests. Observations obtained
from retrospective studies then allow the realization of prospective clinical
studies in patients treated at HNMD, after authorization thereof. These
things together are translated into increased service excellence with the
introduction of new possibilities to the therapeutic arsenal.

CONCLUSION
The translational research in health science arose from the need
for a greater interaction between the laboratory and the clinics. The

findings observed at the molecular level have continuity when they
are tested and proved in the medical practice. In this context, the
interaction between the IPB-HNMD and IBqMLM-UFRJ translates
the concept of Basic-Clinical Translational Research by combining
researchers from different areas involved from the laboratory to the
medical clinic in the search for the improvement of human welfare.
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