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PALAVRAS-CHAVE Resumo Os péptidos natriuréticos BNP e NT-proBNP s&o atualmente os biomarcadores mais
Biomarcadores; utilizados na insuficiéncia cardiaca, no entanto, permanecem algumas limitacdes. Isso justifica
Fibrose; a necessidade de identificar novos biomarcadores que possam revelar vantagens, isoladamente
Galectina-3; ou em associacao, no rastreio, diagnostico e prognostico. A Galectina-3 é uma proteina envol-
Insuficiéncia vida em diversas vias de sinalizacdo celular. Pode ser encontrada em varios tecidos, sendo a sua
cardiaca; expressao baixa no coracao normal e elevada no coracao fibrotico. Entre outros efeitos, é res-
Péptidos ponsavel pela proliferacado de fibroblastos, promocao da sintese de colagénio, contribuindo para
natriuréticos; a remodelagem cardiaca que é determinante no desenvolvimento e progressdo da insuficiéncia
Prognostico cardiaca.

A insuficiéncia cardiaca mediada pela Galectina-3 (> 17,8 ng/mL) afeta 30-50% dos doen-
tes com insuficiéncia cardiaca croénica, apresentando pior prognodstico, com maior taxa de
reinternamento a curto prazo e mortalidade.

Pensa-se que através da inibicdo da acdo da Galectina-3 ou mesmo através do knock-out
genético se possa reverter ou promover um atraso na progressao desta doenca.

Quando avaliados isoladamente, a Galectina-3 parece ter maior valor prognostico do que os
péptidos natriuréticos, no entanto, quando se combinam, o valor prognéstico é ainda superior.
E possivel admitir que a Galectina-3, associada ao BNP ou ao NT-proBNP, possa vir a ser consi-
derada no futuro como uma alternativa que permita melhorar o diagndstico e o prognéstico da
insuficiéncia cardiaca.
© 2014 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espana, S.L.U. Todos os
direitos reservados.
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Biomarkers;

Fibrosis; Abstract The natriuretic peptides BNP and NT-proBNP are currently the most commonly
Galectin-3; used biomarkers in heart failure, but they have limitations. There is thus a need to identify
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new biomarkers that may prove useful, alone or in combination, for screening, diagnosis and

Heart failure;
Natriuretic peptides;

prognosis.

Galectin-3 is a protein involved in a variety of cellular signaling pathways and is found in
many tissues. Its expression is low in normal hearts but elevated in fibrotic hearts. Among other

effects, it promotes fibroblast proliferation and collagen synthesis, contributing to the cardiac
remodeling that is central to the development and progression of heart failure.

Heart failure associated with elevated galectin-3 (>17.8 ng/ml) affects 30-50% of patients
with chronic heart failure, and is a marker of worse prognosis, with higher rates of short-term

It is thought that galectin-3 inhibition, or even genetic disruption, may reverse or delay

Galectin-3 appears to have greater prognostic value than natriuretic peptides when asses-
sed separately, however, when combined their prognostic value is even higher. Galectin-3,
associated with BNP or NT-proBNP, may help improve the diagnosis and prognosis of heart

© 2014 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espafa, S.L.U. All rights

Prognosis
rehospitalization and mortality.
disease progression.
failure.
reserved.
Abreviaturas

Ac-SDKP N-acetil-seril-aspartil-lisil-prolina

AHA «American Heart Association»

a-SMA  Actina do musculo liso alfa

AUC Area abaixo da curva

COACH «Coordinating study evaluating Outcomes of
Advising and Counseling in Heart failure»

COL1A1 Colagénio tipo 1, alfa 1

CRD Dominio de reconhecimento dos carbohidra-

tos
DEAL-HF Study «Deventer-Alkmaar heart failure»
ECA Enzima conversora da angiotensina
FA Fibrilhacao auricular
FEj Fracao de ejecao

Gal-3  Galectina-3

HSM/CHLN Hospital de Santa Maria/Centro Hospitalar
Lisboa Norte

IC Insuficiéncia cardiaca

IECA Inibidor da enzima conversora da angiotensina

MMP Metaloproteinases da matriz

NaCl Cloreto de sddio

NYHA  «New York Heart Association»

PREVEND «Prevention of Renal and Vascular Endstage
Disease»

PRIDE  «Pro-BNP Investigation of Dyspnea in the
Emergency Department»

PTEN  Homologo da fosfatase e da tensina

PTK2  Proteina tirosina quinase 2

ROC Caracteristica de operacao do recetor

TGF-B Fator de transformacao do crescimento beta

TIMP Inibidores das metaloproteinases tecidulares

VE Ventriculo esquerdo

Introducao

A insuficiéncia cardiaca (IC) continua a ser uma doenca
associada a uma grande mortalidade e morbilidade. E con-
siderada uma das epidemias do século xxi, estimando-se um
aumento de 50-75% na sua prevaléncia até 2030. Em Portu-
gal, a prevaléncia aumenta com a idade, variando de 1,36%
na faixa etaria dos 20-50 anos e 16% na faixa etaria acima
dos 80 anos'-2.

A hospitalizacdo destes doentes é frequente (dois tercos
sao internados em média duas vezes por ano), recorrente
(20-30% sao reinternados num prazo de trés meses) e muito
dispendiosa. A eviccao de internamentos recorrentes, para
além de significar uma vasta poupanca de verbas, também
constitui uma melhoria da qualidade de vida destes doen-
tes, justificando-se assim a necessidade de adquirir mais e
melhores métodos de diagnostico e progndstico’-?.

Para melhorar o progndstico dos doentes com IC, tanto
a curto como a longo prazo, € importante nao sé melhorar
a identificacao dos doentes com IC avancada, como identi-
ficar aqueles com risco mais elevado de eventos nefastos®.
Desta forma, tem-se vindo a dar cada vez maior relevancia
a identificacao de biomarcadores que poderao estar envol-
vidos na fisiopatologia da doenca*’. A Galectina-3 (Gal-3)
€ um biomarcador cujos niveis séricos parecem elevar-se
mesmo antes do estabelecimento da IC® e parecem ainda
identificar doentes com IC que apresentam risco aumentado
de reinternamento precoce’.

A Galectina-3

As galectinas constituem uma familia de lectinas animais,
exibem similaridade no dominio de reconhecimento de car-
boidratos (Carbohydrate Recognition Domain [CRD]) e afini-
dade por glicoconjugados ricos em N-acetil-lactosamina®.

Dividem-se em trés tipos de acordo com a sua arquite-
tura: proto, tandem e quimera (Figura 1)%.
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Proto Tandem
(galectina—4, -6, -8, -9, —12) C

A (galectina—1, -2, -5, =7, =10, =11, =13, =14, —15) B

Quimera
(galectina—3)

Adaptado de Yang RY, Rabinovich GA, Liu FT. Galectins: structure, function and therapeutic potential. Expert Rev Mol Med. 2008; 13:e17-e39

Figura 1

A Gal-3 é até agora a Unica representante identificada
das galectinas do tipo quimera e é provavelmente o mem-
bro mais estudado desta familia. Tem um peso molecular de
29-35kDa, forma pentameros apos a sua ligacdo com car-
boidratos e pode ser encontrada numa grande variedade de
espécies e tecidos®.

Em tecidos normais, a Gal-3 é expressa em maior
quantidade no pulmao, bago, estomago, colon, glandulas
suprarrenais, Utero e ovarios. Também é expressa, ape-
sar de em muito menor quantidade, nos rins, coracao,
cérebro, pancreas e figado. No entanto, sob condicoes fisi-
opatoldgicas, o nivel de expressao de Gal-3 pode mudar
substancialmente’, estando assim aumentada na fibrose car-
diaca, na cirrose hepatica, na fibrose pulmonar idiopatica,
na pancreatite, em diversas neoplasias e na fibrose renal,
sendo esta Ultima um dos preditores de progndstico mais
importantes na IC'®"", A Gal-3 é secretada por macrdfagos
ativados, tendo locais de ligacdo nos fibroblastos cardia-
cos, levando a um aumento da expressao de colagénio no
miocardio e fibrose intersticial, a uma ativacao do TGF-B e
subsequente disfuncao ventricular esquerda. Assim sendo, a
Gal-3 pode desempenhar um papel fundamental na resposta
a lesdo e inflamacao durante a IC, podendo mesmo ser uma
parte determinante na remodelagem ventricular®.

De modo semelhante as restantes galectinas, localiza-se
primariamente no citoplasma e ocasionalmente no nucleo
e na mitocondria das células. Quando é secretada para o
espaco extracelular a Gal-3 consegue interagir com rece-
tores das superficies celulares e glicoproteinas de forma a
iniciar vias de sinalizacao transmembranares envolvidas em
diferentes funcdes celulares®.

Em termos de funcdes bioldgicas, a Gal-3%"0-13:

. Contribui para a maturacao do pré-mRNA.

. Extracelularmente induz apoptose de células T e moné-
citos.

3. Intracelularmente tem atividade antiapoptotica.

N =

Membros da familia das galectinas e respetivas ligacdes. Adaptado de: Yang et al.t.

4. Participa na adesao e agregacao celulares.
Induz migracao de monocitos e macrofagos.
6. Promove a proliferacao de fibroblastos e a sintese de
colagénio.
7. Promove o crescimento tumoral, metastases e angiogé-
nese.
. Acelera a reepitelializacdo da cornea lesada.
9. Contribui para o crescimento e diferenciacao de células
BeT.
10. Apresenta propriedades anti-inflamatorias na asma e
modula a aterosclerose e diabetes.

b

(e ]

No local da lesao, a Gal-3 é secretada para o espago
extracelular, o que contribui para o processo fibrético
por ativar fibroblastos latentes em fibroblastos produtores
de matriz. A ativacao fibroblastica é caracterizada pelo
aumento da expressao da proteina actina do musculo liso'?.

A Gal-3 nao sb afeta a sintese de novos componentes
da matriz (como o colagénio tipo 1), como também influ-
encia a degradacao de componentes da matriz extracelular
através de um conjunto de inibidores das metaloproteinases
tecidulares (TIMP) e metaloproteinases da matriz (MMP)'2.

A Galectina-3 na insuficiéncia cardiaca

Atualmente, apenas os péptidos natriuréticos BNP e NT-
-proBNP estao validados e recomendados em guidelines para
o diagnostico e prognostico de doentes com IC'*75,

Estes biomarcadores respondem rapidamente ao
aumento da tensdo na parede cardiaca e tém comprovado
a sua utilidade para o diagnostico da IC, quer em doentes
em ambulatorio com IC crénica quer em doentes com IC
descompensada (sobretudo quando dispneicos e a etiologia
dessa dispneia nao é clara)®'®.

Os niveis de BNP e NT-proBNP podem ainda ser utilizados
como métodos de monitorizacao e ajuste da terapéutica, de
forma a atingirem niveis 6timos de dosagem. A diminuicao
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gradual dos seus niveis faz prever um melhor progndstico
para estes doentes'®.

No entanto, apesar de niveis baixos de BNP ou NT-proBNP
excluirem a presenca de IC (com um valor preditivo nega-
tivo de 96 e 99%, respetivamente) e niveis elevados terem
valor preditivo positivo relativamente alto para diagnosti-
car IC (79 e 76%, respetivamente), devemos estar cientes
de que niveis plasmaticos destes péptidos variam substan-
cialmente durante o dia e que mesmo niveis elevados de
ambos foram associados a diversas causas, tanto cardiacas
(por exemplo sindrome coronaria aguda, fibrilhacao auricu-
lar ou miocardite) como nao cardiacas (por exemplo, idade
avancada, anemia, insuficiéncia renal ou pneumonia)'%'6"7,

Para além da tensao dos cardiomiocitos, existem outros
mecanismos, como a inflamacao ou diversas vias reguladoras
da contratilidade cardiaca, que também desempenham um
papel importante na IC. No entanto, este tipo de mecanismo
nao é refletido pelos niveis de BNP e NT-proBNP?.

Neste sentido, tém-se tentado encontrar novos biomar-
cadores envolvidos nestes diferentes processos.

Recentemente, varios estudos, como por exemplo o
Deventer-Alkmaar heart failure (DEAL-HF Study) e
o Coordinating study evaluating Outcomes of Advising and
Counseling in Heart failure (COACH), tém identificado a
Gal-3 como um biomarcador associado a fibrose e
inflamacdo, processos fisiopatologicos esses relaciona-
dos com a remodelagem cardiaca, determinante no
desenvolvimento e progressao da IC. Visto que a remode-
lagem contribui para um pior prognoéstico destes doentes,
reverter ou promover um atraso na sua progressao €
atualmente reconhecido como um objetivo importante das
intervencdes terapéuticas na IC'®'2, Niveis plasmaticos
elevados de Gal-3 em doentes com IC aguda e cronica tém
sido consistentemente associados a pior prognostico'®.

Nas subanalises dos estudos DEAL-HF, COACH, Pro-BNP
Investigation of Dyspnea in the Emergency Department
(PRIDE) e Prevention of Renal and Vascular End-stage
Disease (PREVEND), a Gal-3 mostrou relacionar-se com a
idade (doentes mais novos tinham niveis mais baixos desta
proteina)®'%18-20 com o sexo (niveis mais elevados de Gal-
3 estavam mais frequentemente associados a mulheres,
levantando-se a possibilidade de esta ser regulada por hor-
monas sexuais)'®', com a taxa de filtracdo glomerular
(doentes com maior disfuncao renal tinham aparentemente
niveis mais elevados de Gal-3)%'%1%20 com fatores de risco
cardiovasculares (doentes com niveis mais elevados de Gal-
3 tinham mais frequentemente fibrilhacao auricular (FA),
hipertensao arterial, dislipidemia e obesidade)'®'® e com
os niveis crescentes de BNP/NT-proBNP (doentes com niveis
mais elevados de BNP/NT-proBNP tinham habitualmente
niveis de Gal-3 também mais elevados)®'%-18-20,

Nas subanalises DEAL-HF e COACH, a Gal-3 continuava a
ser um marcador de prognostico independente, mantendo o
seu valor progndstico apos ajuste para a idade, sexo e niveis
de BNP/NT-proBNP'0:20.21

Observou-se ainda na subanalise COACH que, apods o
ajuste para a taxa de filtracao glomerular, a Gal-3 perdia um
pouco o seu valor prognostico, sugerindo que algum deste
valor podera ser mediado pela funcao renal'®.

Nas subanalises DEAL-HF e PRIDE nao parecia exis-
tir relacdo estatisticamente significativa entre os niveis
de Gal-3 e a etiologia da IC, nem com a sua forma

de apresentacdo (aguda ou crénica) ou com a classe da
NYHA3’6’1O’11’22.

Na subanalise do estudo COACH demonstrou-se ainda
haver uma relacao estatisticamente significativa entre a
fracao de ejecao (FEj) do ventriculo esquerdo (VE) e o valor
preditivo da Gal-3. Ou seja, um aumento igual nos valo-
res séricos da Gal-3 representava um risco muito superior
de morte ou reinternamento em doentes com IC com FEj
preservada (>40%) do que naqueles que tém FEj reduzida
(< 40%). No entanto, os valores absolutos da Gal-3 nao dife-
riam entre doentes com IC com FEj preservada e IC com FEj
reduzida'®.

A subanalise do estudo HF-ACTION nao parecia estar
de acordo com estas observacgbes, isto €, neste estudo
identificou-se igualmente associacdo da Gal-3 e a idade,
assim como com uma maior taxa de hospitalizacdo ou
mortalidade, no entanto, a Gal-3 nao se relacionava com
o sexo, FEj nem com os niveis de NT-proBNP. Inclusiva-
mente a Gal-3 perdia o seu valor progndstico apos ajuste
para o NT-proBNP. Uma das justificacoes dadas para este
achado foi o facto de este estudo incluir apenas doentes
com disfuncao sistolica (com FEj<40%) e os dados anteri-
ores pareciam demonstrar que o poder progndstico deste
biomarcador é superior em doentes com funcdo sistolica
preservada'®.

A Gal-3 parece aumentar com a idade, de forma
semelhante a maioria dos marcadores cardiovasculares
(um estudo preliminar em octogenarios demostrou que os
niveis de Gal-3 eram frequentemente superiores a 20ng/mL
em doentes sem IC). Postula-se assim que os niveis séricos
de Gal-3 devem ser considerados tendo em conta a idade do
individuo, isto €, sdo necessarios intervalos de referéncia
para os diversos grupos etarios'.

A Galectina-3 no rastreio da insuficiéncia
cardiaca

A inflamagéo é um processo fisiopatoldgico que serve como
pré-requisito para a formacdo cicatricial e consequente
regeneracao tecidular apds uma lesao. No entanto, quando
a inflamacao se torna permanente pode levar a um processo
cicatricial difuso, formando-se um extenso tecido cicatricial
para além do local inicial da lesdo, culminando na incapaci-
dade total do dérgao: a IC'%. Atualmente considera-se que a
Gal-3 promove esta fibrose difusa??.

Num estudo em ratos efetuaram-se bidpsias do mio-
cardio em coragdes normais e descobriu-se que os ratos
que mais tarde iriam desenvolver fibrose cardiaca grave e
consequentemente IC tinham os niveis mais elevados de
Gal-3 no momento da bidpsia'?. Sharma et al. investigaram
ainda o efeito cardiaco direto da Gal-3 através da injecao
pericardica desta proteina em ratos normais. Nestes ratos
observou-se o desenvolvimento de remodelagem cardiaca,
com diminuicdo acentuada da FEj do VE (Tabela 1), aumento
da expressao de colagénio e alteracao da razao entre o cola-
génio tipo 1 e tipo i (com aumento do colagénio tipo 1, uma
proteina com elasticidade mais limitada do que o colagénio
tipo m), podendo também este fendmeno ajudar a explicar
as alteracoes do relaxamento ventricular esquerdo que fre-
quentemente ocorrem na IC. Dado o aumento da expressao
da Gal-3 muito antes da transicdao para IC, esta proteina



Galectina-3: indicador de prognostico. Alvo de intervencao terapéutica? 205

Tabela 1 Comparacao entre as alteracoes ecocardio-
graficas quatro semanas apos infusdo intrapericardica de
Galectina-3 ou um placebo

FEVE (%) Placebo Galectina-3
Basal 67,3+2,5 66,1+1,6
Quatro semanas apos injecao 66,0+ 0,4 51,8+ 3,1

intrapericardica

Adaptado de: Galectin-3 as a diagnostic and prognostic tool in
heart failure??.

podera futuramente ajudar o clinico a identificar doentes
em risco de desenvolvimento de 1C%23,

A Galectina-3 no diagnostico da insuficiéncia
cardiaca

Henderson et al. observaram que a deplecao de macrofagos
reduzia significativamente a ativacao de miofibroblastos,
diminuindo assim a fibrose. Desta maneira, concluiu-se
que os macrofagos sao as células major responsaveis pelo
desenvolvimento da fibrose'. Sendo a Gal-3 um produto de
macrofagos ativados, extrapola-se assim que este biomar-
cador tenha um efeito direto na fibrose miocardica e no
desenvolvimento da IC'>. Num coracdo normal, a expressao
de Gal-3 é baixa, no entanto, com a progressao da IC os
niveis de Gal-3 aumentam rapidamente'??,

A IC mediada pela Gal-3, isto é, a IC que se agrava
significativamente pela presenca desta proteina no tecido
cardiaco, afeta 30-50% dos doentes com IC crdnica em
ambulatoério. Para além disto, dois em cada trés doentes
hospitalizados por IC apresentam IC mediada pela Gal-3%2.

No entanto, apesar de esta proteina estar envolvida no
processo que promove a IC, parece nao ter um valor diag-
nostico tao forte como o BNP/NT-proBNP™>.,

A Galectina-3 na monitorizacédo e seguimento
da insuficiéncia cardiaca

Tal como referido anteriormente, visto que os niveis de Gal-3
se elevam antes das manifestacoes clinicas da IC, esta torna-
-se ainda um potencial marcador para os doentes em risco
de progressao do estadio B (evidéncia de doenca cardiaca
estrutural, mas sem sintomas) para o estadio C (IC sintoma-
tica), segundo a classificacao da American Heart Association
(AHA)™.

A subanalise do estudo COACH demonstrou que os valores
de Gal-3 sao bastante estaveis ao longo de seis meses, nao
parecendo assim haver indicacao para medicdes seriadas:
uma curva caracteristica de operacao do recetor (ROC) que
comparava os niveis de Gal-3 basal e os niveis de Gal-3 passa-
dos seis meses demostrou uma area abaixo da curva (AUC) de
0,67 para o primeiro e uma AUC de 0,66 para o segundo. Esta
observacao parece estar relacionada com o facto da ativacao
e deposicdo de Gal-3 na matriz ser um processo irreversi-
vel, o que difere substancialmente das publicacoes acerca
dos péptidos natriuréticos BNP/NT-proBNP. Em relacao a
estes ultimos, tem-se sugerido que medicdes seriadas podem
aumentar o valor diagnostico e progndstico dos mesmos e
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Figura 2 Concentragoes médias de Galectina-3 de indivi-

duos que faleceram durante 60 dias de acompanhamento e
que sobreviveram em igual periodo - resultados da subanalise
PRIDE?.

assim permitir a sua utilizacao na orientacdo e ajuste da
terapéutica em doentes com IC'8,

Comparativamente com o NT-proBNP, os niveis de Gal-3
parecem ser menos influenciados pela gravidade dos sin-
tomas, nao sendo afetados na descompensacao da IC e
visto que nao alteram com a terapéutica comum para
a IC nao devem ser utilizados para a monitorizacao da
terapéutica’>?2.

No futuro, a identificacdo de doentes com niveis aumen-
tados de Gal-3 (>17,8ng/mL) podera contribuir para
diversas decisoes clinicas, nomeadamente: a frequéncia das
consultas de seguimento (visto que estes doentes tém pior
prognostico deverao ser seguidos de forma mais rigorosa),
a necessidade de referenciacao para um especialista (nos
casos em que o doente é seguido apenas pelo seu médico
de familia), quando internado ajudar na decisao acerca do
melhor momento para a alta e eventualmente um dia ser
alvo de terapéutica especifica??.

A Galectina-3 no prognostico da insuficiéncia
cardiaca

A Gal-3 tem sido identificada como marcador independente
de prognéstico adverso em doentes com IC'8,

Demonstrou-se que doentes com IC e niveis de Gal-
3>17,8ng/mL apresentavam duas a trés vezes maior proba-
bilidade de reinternamento devido a IC hum prazo de 30, 60
e 90 dias apos a alta inicial, independentemente do estado
clinico a data da alta, comparativamente com doentes com
IC e niveis de Gal-3 baixos (< 17,8 ng/mL) (Tabela 2)’.

Na subanalise PRIDE evidenciou-se ainda que individuos
que faleceram durante 60 dias (Figura 2), um ano (Figura 3A)
e quatro anos de acompanhamento (Figura 3B) apresenta-
vam concentracoes médias de Gal-3 significativamente mais
elevadas do que aqueles que tinham sobrevivido durante
esses periodos®®’7.
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Tabela2 Riscode re-hospitalizacao em doentes com IC e niveis baixos (< 17,8 ng/mL) ou elevados (> 17,8 ng/mL) de Galectina-3
p-value Percentagem de doentes re-hospitalizados Percentagem de doentes re-hospitalizados

por IC ao longo de todos os estudos por IC ao longo de todos os estudos
(Galectina-3 <17,8ng/mL) (Galectina-3> 17,8 ng/mL)

30 dias 0,003 3,0% 7,3%

60 dias 0,001 4,5% 10,0%

90 dias <0,001 5,5% 13,6%

120 dias <0,001 7,3% 15,8%

Adaptado de: Boer et al.”.

Durante a subanalise do estudo DEAL-HF os doentes que
morreram (n=98) apresentaram simultaneamente niveis
mais elevados de Gal-3 e de NT-proBNP do que os doen-
tes que sobreviveram. Doentes com niveis simultaneamente
elevados de NT-proBNP e Gal-3 apresentaram 1,5-2 vezes
maior probabilidade de mortalidade do que os doentes em
outras categorias. Demonstrou-se ainda que a probabilidade
de sobrevivéncia estava inversamente relacionada com os
quartis de Gal-3 (quartil 1 [Gal-3 < 13,63 ng/mL] apresen-
tava maior probabilidade de sobrevivéncia do que o quartil
4 [Gal-3 > 21,62 ng/mL])".

Estes achados apoiam os pressupostos iniciais de que a
Gal-3 desempenharia um papel importante na doenca de
base e que a sua elevacdo estaria associada a progressao
da doenca e pior prognéstico para os doentes com IC'?.

Na subanalise do estudo PRIDE, quando se compara o
valor prognostico destes marcadores, obtemos uma curva
ROC para o prognostico de IC aguda a 60 dias com uma
AUC para a Gal-3 de 0,74 e uma AUC para o NT-proBNP de
0,67. Isto significa que a Gal-3 tem aparentemente maior
valor prognostico do que os péptidos natriuréticos BNP/NT-
-proBNP37,

Na subanalise do estudo COACH também se encontrou
um valor prognostico da Gal-3 superior ao do BNP (com
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Figura 3
subanalise PRIDE®.

AUC de 0,67 e 0,65, respetivamente), no entanto, quando
combinados parecem ter um valor superior do que cada um
dos marcadores sozinhos (com uma AUC de 0,69 para Gal-
3+BNP), ou seja, tém um valor progndstico sinérgico' '8,

A Galectina-3 na terapéutica da insuficiéncia
cardiaca

Liu et al. demonstraram que a injecdo intrapericardica de
Gal-3 em coracdes de ratos normais causaria fibrose mio-
cardica e remodelagem cardiaca, enquanto a coinjecao de
um agente antifibrético (N-acetil-seril-aspartil-lisil-prolina,
também designado por Ac-SDKP) contrariava esse efeito'" ',

Nesta experiéncia dividiram-se ratos em quatro grupos,
tendo cada um desses grupos recebido as seguintes injecoes
intrapericardicas durante quatro semanas: 1) NaCl; 2) Ac-
-SDKP; 3) Gal-3; 4) Ac-SDKP + Gal-3. Verificou-se que, no VE,
a Gal-3 aumentou a infiltracdo de macréfagos e mastdcitos,
aumentou a fibrose cardiaca intersticial e perivascular,
causou hipertrofia cardiaca, aumentou a expressao de
TGF-B e aumentou a fosforizacao da via de sinalizacao
Smad3. O Ac-SDKP preveniu parcial ou completamente
estes efeitos, concluindo-se neste estudo que o Ac-SDKP
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preveniu a inflamacao, fibrose, hipertrofia e disfuncao
cardiaca induzida pela Gal-3 em ratos, possivelmente pela
inibicdo da via de sinalizacdo do TGF-B/Smad3%.

Especula-se assim que ao bloquear a acao da Gal-3 se
pode abrandar a progressao da IC e possivelmente reduzir os
seus niveis de morbilidade e mortalidade'"'?. Farmacos que
se liguem ao CRD da Gal-3, como o Ac-SDKP, podem reduzir
a fibrogénese cardiaca e sao candidatos para a prevengao e
tratamento da IC%¢.

Liu et al. observaram ainda resultados positivos na
prevencao da IC através do knock-out do gene da Gal-3
concluindo que esta alteracdo genética diminui o grau de
fibrose, atenuando assim o desenvolvimento da remode-
lagem cardiaca. Estes achados sugerem que a Gal-3 esta
efetivamente envolvida na fisiopatologia da IC?’.

Apesar do apresentado, ainda nao existem estudos em
humanos com objetivo terapéutico nesta area. Assim sendo,
nao se podem extrapolar conclusdes definitivas a partir de
experiéncias em cobaias, aguardando-se que no futuro se
possa elucidar todo o papel da Gal-3 na abordagem clinica
e terapéutica da IC.

Conclusoes

Resumindo, a Gal-3 parece ter valor diagnostico inferior, mas
valor prognostico superior ao dos péptidos natriuréticos BNP
e NT-proBNP, sendo particularmente util em doentes com
FEj do VE preservada. A Gal-3 em conjunto com o BNP/NT-
-proBNP podera vir a ser utilizada para identificar doentes
com risco elevado de readmissao hospitalar ou morte a
curto-prazo, permitindo assim ao médico gerir o seguimento
destes doentes da forma mais adequada.

Relativamente a intervencdo terapéutica, a injecao
de Ac-SDKP em ratos demonstrou prevenir a inflamacao,
fibrose, hipertrofia e disfuncao cardiaca induzida pela Gal-3
e o knock-out genético levou a que ratos desenvolvessem
menor remodelagem cardiaca. Visto que estas intervencoes
atuam na origem da doenca, poderao tornar-se futuramente
numa alternativa terapéutica viavel em doentes com IC.

No entanto, atualmente existem poucos estudos acerca
da Gal-3, sendo ainda necessario elucidar todo o papel desta
proteina na abordagem da IC.

Conflito de interesses

Os autores declaram nao haver conflito de interesses.

Bibliografia

1. Ceia F, Fonseca C. Insuficiéncia cardiaca: internamento e
ambulatoério, Unidades Especializadas Integradas em Rede. Rev
Factores de Risco. 2007;5:39-45.

2. Ceia F, Fonseca C, Mota T, et al. Prevalence of chronic heart
failure in Southwestern Europe: The EPICA study. Eur J Heart
Fail. 2002;4:531-9.

3. Van Kimmenade RR, Januzzi JL, Ellinor PT, et al. Utility of
amino-terminal pro-brain natriuretic peptide, Galectin-3, and
apelin for the evaluation of patients with acute heart failure. J
Am Coll Cardiol. 2006;48:1217-24.

4. Gullestad L, Ueland T, Kjekshus J, et al. Galectin-3 pre-
dicts response to statin therapy in the Controlled Rosuvastatin
Multinational Trial in Heart Failure (CORONA). Eur Heart J.
2012;33:2290-6.

5. Rossignol P, Fay R, Iragi W, et al. Galectin-3 and PIIINP are
associated with cardiovascular outcomes in patients with heart
failure, left ventricular dysfunction and dysynchrony. Insights
from the CARE-HF study. Eur Heart J. 2010;31 suppl 1:429.

6. Shah RV, Chen-Tournoux AA, Picard MH, et al. Galectin-3, car-
diac structure and function, and long-term mortality in patients
with acutely decompensated heart failure. Eur J Heart Fail.
2010;12:826-32.

7. De Boer RA, van Veldhuisen DJ, deFilippi C, et al. Plasma
Galectin-3 Is associated with near-term rehospitalization in
heart failure: A meta-analysis. J Card Fail. 2011;17 suppl:S93.

8. Yang RY, Rabinovich GA, Liu FT. Galectins: Structure,
function and therapeutic potential. Expert Rev Mol Med.
2008;13:e17-39.

9. De Boer RA, Yu L, van Veldhuisen DJ. Galectin-3 in cardiac remo-
deling and heart failure. Curr Heart Fail Rep. 2010;7:1-8.

10. Lok DJA, van Der Meer P, de la Porte PW, et al. Prognostic value
of galectin-3, a novel marker of fibrosis, in patients with chronic
heart failure: Data from the DEAL-HF study. Clin Res Cardiol.
2010;99:323-8.

11. Ahmad T, Felker GM. Galectin-3 in heart failure: More answers
or more questions? J Am Heart Assoc. 2012;1:e004374.

12. De Boer RA, Voors AA, Muntendam P, et al. Galectin-3: A novel
mediator of heart failure development and progression. Eur J
Heart Fail. 2009;11:811-7.

13. Almkvist J, Karlsson A. Galectins as inflammatory mediators.
Glycoconj J. 2004;19:575-81.

14. Felker GM, Fiuzat M, Shaw LK, et al. Galectin-3 in ambulatory
patients with heart failure: Results from the HF-ACTION study.
Circ Heart Fail. 2012;5:72-8.

15. DeFilippi CR, Felker GM. Galectin-3 in heart failure - link-
ing fibrosis, remodelling and progression. European Cardiology.
2010;6:33-6.

16. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA Guideline
for the Management of Heart Failure: A Report of the American
College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines. Circulation. 2013;128, 000-
000.

17. Januzzi Jr JL, Richards AM. An international consensus state-
ment regarding amino-terminal Pro-B-type natriuretic peptide
testing: The international NT-proBNP consensus panel. Am J
Cardiol. 2008;101:529-38.

18. De Boer RA, Lok DJA, JaarsmaT, et al. Predictive value of plasma
galectin-3 levels in heart failure with reduced and preserved
ejection fraction. Ann Med. 2011;43:60-8.

19. De Boer RA, van Veldhuisen DJ, Gansevoort RT, et al. The fibro-
sis marker galectin-3 and outcome in the general population. J
Intern Med. 2012;272:55-64.

20. De Boer RA, Lok D, Hillege JL, et al. Clinical and prognostic value
of Galectin-3, a novel fibrosis-associated biomarker. Relation
with clinical and biochemical correlates of heart failure. J Am
Coll Cardiol. 2010;55:A26.

21. Van Veldhuisen DJ, Lok DJA, Damman K, et al. Clinical and
prognostic value of Galectin-3, a novel fibrosis-associated bio-
marker, in patients with chronic heart failure. J Card Fail.
2009;15:814.

22. About Galectin-3. BG Medicine, Inc. [serie na internet.] [citado
15 Jul 2013]. Disponivel em: http://www.bg-medicine.com/
galectin-3/

23. Galectin-3 as a diagnostic and prognostic tool in heart failure.
Am Coll Cardiol [serie na internet]. 2011 Oct [citado 15 Set
2013]. Disponivel em: http://biomarkers.cardiosource.org/
Hot-Topics/2011/10/Galectin3-as-a-Diagnosticand-Prognostic-
-Tool-in-Heart-Failure.aspx.


http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0140
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0145
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0150
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0155
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0160
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0165
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0170
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0175
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0180
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0185
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0190
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0195
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0200
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0205
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0210
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0215
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0220
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0225
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0230
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0235
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0240
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0250

208 A.R. Pereira, L. Menezes Falcao

24. Rousseau MF, Gruson D, Lepoutre T, et al. Galectin-3 is a strong 26. Yu L, Ruifrok WP, Sillje HHW, et al. Pharmacological inhibition

early predictor of mortality in severe congestive heart failure. of Galectin-3 attenuates adverse cardiac remodeling and heart
Circulation. 2011;124:A10012. failure. Eur Heart J. 2011;32:1097, abstract suppl.

25. Liu YH, D’Ambrosio M, Liao TD, et al. N-acetyl-seryl- 27. Yu L, Ruifrok WP, Sillje HHW, et al. Genetic disruption of
aspartyl-lysyl-proline prevents cardiac remodeling and dysfunc- Galectin-3 prevents adverse cardiac remodeling. Eur Heart J.
tion induced by galectin-3, a mammalian adhesion/growth- 2011;32:1094, abstract suppl.

regulatory lectin. Am J Physiol Heart Circ Physiol. 2009;296:
H404-12.


http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0255
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0260
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0265
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270
http://refhub.elsevier.com/S0870-2551(15)00035-9/sbref0270

	Galectina‐3: indicador de prognóstico. Alvo de intervenção terapêutica?
	Introdução
	A Galectina‐3
	A Galectina‐3 na insuficiência cardíaca
	A Galectina‐3 no rastreio da insuficiência cardíaca
	A Galectina‐3 no diagnóstico da insuficiência cardíaca
	A Galectina‐3 na monitorização e seguimento da insuficiência cardíaca
	A Galectina‐3 no prognóstico da insuficiência cardíaca
	A Galectina‐3 na terapêutica da insuficiência cardíaca
	Conclusões
	Conflito de interesses
	Bibliografia


