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ABsTRACT

Myocardial galectin-3 is upregulated upon cardiac stressors such as angiotensin II and 
pressure overload leading to cardiac remodeling and heart failure. The expression level 
of galectin-3 mirrors the progression and severity of heart failure and therefore, galec-
tin-3 is being used as a biomarker for heart failure. However, as galectin-3 is causally 
involved in pathological myocardial fibrosis it has been suggested that galectin-3 also 
actively contributes to heart failure development. In this review we discuss how galec-
tin-3 could be a target for therapy in heart failure. Currently, attempts are being made 
to target or inhibit galectin-3 using natural or pharmaceutical inhibitors with the aim 
to ameliorate heart failure. Available experimental evidence suggests that galectin-3 
inhibition indeed may represent a novel tool to treat heart failure. A strong interaction 
with aldosterone, another strong pro-fibrotic factor, has been described. Clinical studies 
are needed to prove if galectin-3 may be used to install specific treatment regimens.
Keywords: Galectin-3 Biomarker Heart failure Cardiac remodeling Fibrosis
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CARdiAC RemodelinG And HeART FAiluRe: HeTeRoGeneous PRoCesses

Heart failure (HF) is a progressive disorder characterized by 1) poor quality of life, 2) poor 
prognosis (5-year survival < 50 %, worse than most common types of cancer), and 3) an 
enormous burden on health care costs [1]. In Europe and the United States ~1–2 % of 
the entire health care budget is spent on HF. The prevalence of HF is expected to rise due 
to the aging population and better treatment of cardiovascular disease that precedes HF 
[2]. Therefore, it is imperative that we seek new ways to improve treatment of HF.

Cardiac remodeling is an important determinant of the clinical outcome of HF and is 
linked to disease progression and poor prognosis. Cardiac remodeling is the response of 
the heart to various damaging stimuli, such as longstanding hypertension and myocar-
dial infarction. The remodeling process is characterized by activation of “compensatory” 
systems, including the renin–angiotensin system (RAS) and the sympathetic nervous 
system (SNS) [3]. Although initially aimed at maintaining adequate circulation, over time 
the sustained activation of compensatory neurohormonal systems actually contributes 
to the adverse remodeling process of the heart, and accelerates the transition towards 
HF. Generally, there seem to be HF patients whose disease is characterized by progres-
sive myocardial structural damage, “remodeling HF”, while others seem to have little 
change in heart size or function for years, “non-remodeling HF”.

Despite current treatment regimens for HF that effectively target known neurohor-
monal system activation, overall the prognosis remains bleak for many patients [1, 4, 5]. 
The disappointing results of recent clinical trials have been discussed elsewhere in detail 
[5–7], but may be explained, at least in part, by the fact that HF is still viewed as primarily 
a disorder of excessive adrenergic and renin–aldosterone activation. Other targets, such 
as tissue fibrosis, may be left untreated [8]. Because of this, HF patients, regardless of 
etiology or other clinical characteristics, are currently recommended to receive a fixed 
cocktail of evidence-based therapies. However, some pathophysiological factors will 
dominantly contribute to outcomes in some HF patients, while other pathophysiological 
forces will be dominant in other HF patients. Therefore, to advance the HF field, we need 
to identify new specific pathophysiological factors and targets for therapy. In this paper 
we will discuss the novel role that galectin-3 may play as a new pathophysiological force 
in remodeling and non-remodeling HF. Underscoring the notion that HF is a heteroge-
neous disorder, the 30–50 % of HF patients who have increased levels (>17.8 ng/mL) 
of galectin-3, manifests a form of progressive (i.e. remodeling) HF [9, 10]. Furthermore, 
galectin-3 may be particularly important for patients with HF with preserved ejection 
fraction (HF-PEF) [11–14] which occurs in ~50 % of all HF patients.
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Galectin-3: A mediator of Fibrosis

Originally described in 1984 [15], galectin-3 was cloned in 1991 [16] and described as a 
galactosidase-binding lectin. Galectin-3 is expressed by several tissues, including the gut, 
spleen, colon, kidney, as well as inflammatory cells such as mast cells, neutrophils and 
macrophages. Galectin-3 is involved in many pathophysiological processes, including 
inflammation and fibrosis, which are key contributing mechanisms to cardiac remodeling 
and HF development and progression [17]. Galectin-3 may also play a role in non-cardiac 
conditions such as rheumatoid arthritis, asthma, diabetes, and certain cancers [18–20].

experimental evidence linking Galectin-3 and Adverse Remodeling

In the past decade a prominent role for the galectin-3 phenotype, being an important 
factor in the onset and progression of HF, has been proposed [21, 22]. In 2004, galectin-3 
was described as the most significantly up-regulated gene associated with the transi-
tion from compensated towards decompensated HF in HF-prone rats (Ren-2 rats) [23]. 
Galectin-3 was shown to be expressed by activated macrophages that had migrated into 
sites of injury in the hearts of these animals [23]. Interestingly, the model that was studied 
by Sharma et al. represents a relevant model of progressive HF, comparable to human 
“remodeling HF”. Typically, a continuous stress such as hypertension or valvular disease 
may be compensated for by cardiac remodeling that is adaptive, for a long time period. 
Ultimately however the heart is no longer able to cope with the stress, and compensatory 
remodeling transitions to decompensation. This transitory phase is an important research 
area in HF, and the observation that galectin-3 is markedly upregulated in this transitory 
phase suggests that it is more than merely a bystander. Corroborating the findings of 
Sharma et al., infusion of recombinant galectin-3 into the pericardial sac of rats resulted 
in substantial myocardial fibrosis and associated cardiac dysfunction [23, 24].

The potential actions of galectin-3 that promote the development of HF have been 
described, although the precise mechanisms still warrant further study. In rat and mouse 
models of progressive cardiac remodeling, galectin-3 is produced by macrophages, but 
also fibroblasts, while cardiomyocytes do not express galectin-3 [23, 25]. In cell culture, 
galectin-3 turns quiescent fibroblasts into myofibroblasts that produce and secrete ma-
trix proteins, including collagens, fibronectin, and TGF-beta [23, 25]. Galectin-3 exerts its 
effects during several other stages of myocardial fibrogenesis, besides collagen produc-
tion, such as collagen maturation, externalization and cross-linking, which underscores 
the pivotal importance of galectin-3 in myocardial fibrosis [25]. The damaging effects 
of galectin-3 are believed to be conferred by the capacity of galectin-3 to bind matrix 
proteins, such as laminins, fibronectins, and collagens. In this way galectin-3 is activated 
and dimerizes with other galectin-3 residues, forming a “mesh-like” shaped configura-
tion that contributes to the mass and stiffness of the intercellular matrix. Galectin-3 
binds to the matrix proteins via its canonical binding site and that has been described in 
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detail by biochemists [26]. However, in the presence of carbohydrate ligands, galectin-3 
precipitates as a pentamer and loses its activity [27].

The pro-fibrotic characteristics of galectin-3 have also been shown in models of 
pathological fibrosis in other organs, including the kidney and liver [28, 29]. This is an 
important observation, as fibrosis is generally regarded as a hallmark of cardiac remod-
eling and HF [30]. Fibrosis is a silent process, is difficult to monitor, and may begin long 
before HF becomes clinically apparent. Standard pharmacotherapy for HF does not spe-
cifically target fibrosis, although both angiotensin converting enzyme (ACE) inhibitors 
and mineralocorticoid antagonists (MRAs) have established anti-fibrotic effects.

GAleCTin-3: A Risk mARkeR in HF

Independent support for the idea that galectin-3 is important in the development of 
HF has come from epidemiological data. Galectin-3 originates in cardiac tissue but 
is subsequently secreted into the circulation, and elevated plasma galectin-3 levels 
strongly predict risk of the development of HF in general populations. De Boer et al. 
demonstrated that elevated levels of galectin-3 (normal values 10–14 ng/mL, HF values 
16–30 ng/mL depending on HF severity and comorbidities [31]) were associated with 
all-cause mortality and cardiovascular (CV) disease in a large community-based cohort 
with almost 8,000 subjects [32] (Fig. 1a). These findings were confirmed in the Framing-
ham Heart Study [33], where elevated levels of galectin-3 were strongly associated with 
new-onset HF and mortality in approximately 3,500 subjects (Fig. 1b).

Although several prognostic studies in HF patients have indicated the independent 
predictive value of galectin-3 for cardiovascular outcomes [9, 13, 34–36], others have 
questioned whether galectin-3 is truly independently associated with adverse cardiac 
events. For instance when NT-proBNP is taken into account, galectin-3 may yield less 
incremental predictive value [37, 38], and confounding with renal function has been 
postulated [39]. While the independent prognostic value of galectin-3 has been difficult 
to establish in moderate to severe HF, the Framingham study strongly supports the 
unique association of this marker in the general population after accounting for NT-
proBNP and a host of other traditional clinical risk factors.

The described observations provide evidence for the hypothesis that longstand-
ing elevated galectin-3 may not only signify disease, but likely represents a unique 
phenotype at high risk for the development and progression of heart failure or other 
CV disease. Hereby, chronic elevations in galectin-3 induce active fibrogenesis and 
may provoke pathological cardiac remodeling. We hypothesize that patients with this 
phenotype of galectin-3 overexpression are more likely to have a “fibrogenic” pathway 
of cardiac remodeling in the presence of hypertension, diabetes, myocardial infarction, 
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and decompensated heart failure. As schematically presented in Fig. 2, galectin-3 medi-
ated pathological fibrosis in these patients substantially enhances their risk of adverse 
cardiovascular outcomes. So, if galectin-3 promotes HF development, could galectin-3 
be a modifiable marker or pathway?

Figure 1 (a-b): Galectin-3 as a risk marker in HF. Kaplan-Meier curve showing all-cause mortality in the gen-
eral population per quintile of galectin-3 (a) (Adapted from “The fibrosis marker galectin-3 and outcome in 
the general population” by de Boer RA et al., 2012, J Int Med 2012, 272: 55–64)[32]. With higher levels of 
galectin-3, there is an increasing incidence of heart failure in the general population (b) (Reprinted from Ho 
JE et al., 2012 (JACC 2012, 60: 1249-56)[33], with permission from the publisher.)
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GAleCTin-3: A Risk FACToR

The specifi c pathophysiological role of galectin-3 provides ground for the hypothesis 
that galectin-3 is involved in the development of a certain form of HF. From this reason-
ing we hypothesize that HF is a complex syndrome with various unique phenotypes. 
This perspective would be analogous to the evolution of therapy for hepatitis, also a 
syndrome rather than a diagnosis, where specifi c tests have become available to identify 
the various distinct phenotypes and to determine treatment. By using these specifi c 
tests, we now know that hepatitis A should be treated completely diff erently compared 
to hepatitis C, or Ebstein Barr Virus hepatitis (Fig. 3a). On the contrary, currently, little 
distinction is made in type of therapy in patients with HF (Fig. 3b), for which a “one-
size-fi ts-all” approach is still mainstay. We postulate a new paradigm in treatment of 
heart failure based on identifi cation of specifi c phenotypes. For instance, patients with 
tachycardiomyopathy could be treated with beta blockers and ivabradine, patients with 
a wide QRS complex could be treated with cardiac resynchronization therapy (CRT), and 
galectin-3 mediated HF with anti-galectin-3 agents (Fig. 3c).

GALECTIN-3 MEDIATED HF 
HF POPULATION 

• Active fibrogenesis 

• Inherently 
progressive 

• ~30-50% are at 
greatest risk of 
adverse outcome 

• Heterogeneous 
etiology/pathology 

• Not inherently 
progressive 

• ~50-70% are at 
lower risk of adverse 
outcome 

GALECTIN-3 MEDIATED HF

OTHER HF 

Galectin-3 Mediated HF - Concept 

Figure 2: A subset of patients with heart failure has increased galectin-3 levels. It has been observed that 
patients with high galectin-3 levels have progressive cardiac remodeling and poor outcome, while HF pa-
tients with low galectin-3 levels have slow progression and better outcome.
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Phenotyping, specific tests – specified diagnosis  

“HEPATITIS” 
Syndromal diagnosis 

Ganclicovir Interferon Antiviral agents,  
e.g. lamivudine  

Hepatitis B Hepatitis C Epstein Barr Virus (EBV) 

Phenotyping, specific tests – specified diagnosis  

“HEART FAILURE” 
Syndromal diagnosis 

ACE-inhibitors 
Beta blockers 
Mineralocorticoid Receptor Antagonists 
CRT/ICD 

CAD Hypertension Cardiomyopathy 

Phenotyping, specific tests – specified diagnosis  

“HEART FAILURE” 
Syndromal diagnosis 

Ivabradine, 
Beta-blockers 

CRT 
Anti Galectin-3  

agents 

Galectin-3 Conduction disturbance Tachycardia 

Figures 3 (a-c): Diagnosis and treat-
ment of cirrhosis and hepatic failure 
have changed dramatically in recent 
decades (a), with the emphasis now on 
identifying the specific causative agent 
so that cause-specific treatment may be 
initiated. In contrast, the classical view 
on HF (b) has not changed dramatically; 
HF is regarded as the final common dis-
ease state resulting from various under-
lying disease processes, and treatment 
remains uniform, rather than addressing 
specific factors that drive the disease 
progression. We propose a paradigm 
shift (c) in which specific drivers or char-
acteristics of HF, such as galectin-3, are 
identified to target the treatment, creat-
ing subsets of patients benefiting from 
different therapies. Abbreviations: ACE, 
angiotensin-converting enzyme; CAD, 
coronary artery disease; CRT, cardiac 
resynchronization therapy; HF, heart 
failure; ICD, implantable cardioverter-
defibrillator.
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Although still experimental, galectin-3 targeted therapy may be feasible within rea-
sonable timespan. Most knowledge of pharmacological approaches to inhibit galectin-3 
comes from experience in the setting of cancer. Specifi cally, carbohydrates such as pec-
tins, available as various types of dietary fi bers (e.g., fruit, vegetables, sugar beets), have 
been identifi ed as galectin-3 inhibitors. Analysis of the sugar composition and its cor-
relation with the inhibitory properties of galectins showed that pectic polysaccharides 
with higher arabinose and galactose content signifi cantly inhibited hemagglutination 
[40]. Likely the best studied example is modifi ed citrus pectin (MCP). Upon ligand bind-
ing to the carbohydrate recognition domain (CRD) of galectin-3, it is hypothesized that 
galectin-3 becomes activated and forms pentamers (Fig. 4) [27]. Pectins and MCP also 
bind to the CRD of galectin-3 and neutralize galectin-3 activity. In mouse, rats, and cell 
culture studies, investigators have successfully used MCP to inhibit cancer growth and 
metastasis development [41–43]. While MCP eff ectively inhibits galectin-3’s actions, it 
furthermore is easy to (orally) administer, and is well tolerated, however it remains un-
clear whether pectins act via galectin-3 exclusively. Interestingly, MCP was also shown 
to be an eff ective anti-fi brotic agent in an acute renal injury model [44]. This suggests 
that galectin-3 may eff ectively be targeted. Pectin science (“pectinology”) is progressing 
fast and it is predicted that the health promoting capacities of pectins will be actively 
studied the coming decade [45].

Galectin-3 inhibitor 
e.g. Modified Citrus Pectin 

Inhibition Activation 

Galectin-3 

A natural occurring ligand 
of galectin-3, e.g. laminin 

N-terminal domain: 
Short end (~30 aa) 

& 
Proline-glycine-
alanine-tyrosine   

repeat motif (~100 aa) 

Carbohydrate 
recognition domain 

(~130 aa) 

Figure 4: Natural occurring ligands bind galectin-3 and cause galectin-3 activation. Following ligand bind-
ing of neutralizing ligands, such as pectins, galectin-3 undergoes conformational changes, forms pentam-
ers, and loses its activity.
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GAleCTin-3 inHiBiTion As A Tool To PReVenT HeART diseAse?

The first experimental indication that inhibition of galectin-3 could be beneficial in the 
prevention of HF, occurred when investigators neutralized the maladaptive cardiac 
remodeling brought about by galectin-3 in experimental models by the co-infusion of 
the anti-fibrotic tetra-peptide ac-SDKP. It was found that galectin-3’s pro-fibrotic effects 
were neutralized by ac-SDKP [24]. Recently, independent proof for the involvement 
of galectin-3 in HF development was generated by Yu et al. [25]. Galectin-3 knock-out 
(Galectin-3 KO) and wild-type (WT) mice were subjected to angiotensin II (Ang II) or 
transverse aortic constriction (TAC) to induce cardiac remodeling. Compared to control 
or sham, galectin-3 expression of the left ventricle (LV) increased 2-fold in WT mice but 
no galectin-3 expression was seen in the galectin-3 KO mice. Importantly, although all 
mice demonstrated LV hypertrophy, hemodynamic measurements showed galectin-3 
KO mice were protected against impairment of LV relaxation and had a marked decrease 
in cardiac fibrosis.

The effects of the galectin-3 inhibitor N-acetyllactosamine (N-Lac) was evaluated in 
TGR(mREN2)27 (Ren2) rats, a model for hypertensive cardiomyopathy. Treatment with 
N-Lac did not prevent development of LV hypertrophy or an increase in LV ANP levels. 
However, fractional shortening progressively declined in untreated Ren2 rats but was 
preserved in N-Lac treated rats. Hemodynamic measurements showed an increase in 
LVEDP, and increased lung weights in untreated Ren2 rats compared to Sprague–Dawley 
(SD) rats, indicating HF development, which was attenuated by treatment with N-Lac. 
Moreover, accelerated cardiac remodeling in untreated Ren2 rats was associated with 
poorer survival compared to SD rats, but survival was improved in N-Lac treated Ren2 
rats. Finally, inhibition of galectin-3 showed similar results regarding the progression 
of cardiac remodeling in a long-term TAC mouse model. TAC mice, treated with saline, 
demonstrated a gradual progression of LV remodeling compared to N-Lac treated mice, 
which had no signs of progressive remodeling.

To determine if galectin-3 was actively involved in formation of fibrosis, mouse hearts 
were analyzed. Hearts of control and sham-operated WT mice had very little fibrosis, 
whereas the level of fibrosis was significantly higher in WT-AngII and WT-TAC mice. But 
in galectin-3 KO mice, neither AngII infusion nor TAC resulted in fibrosis. Similar results 
were observed in Ren2 rats treated with N-Lac. To study the mechanisms underpinning 
the anti-fibrotic effects of galectin-3 inhibition, cultured fibroblasts were treated with 
galectin-3 in the absence or presence of a galectin-3 inhibitor. Inhibition of galectin-3 
was associated with a downregulation in collagen production (collagen I and III), colla-
gen processing, cleavage, cross-linking and deposition. These studies showed that both 
genetic disruption and pharmacological inhibition of galectin-3 significantly attenuated 
cardiac fibrosis, LV dysfunction and subsequent HF development. More studies with 
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galectin-3 inhibiting drugs have been conducted in various fields of research, especially 
in oncology. Study description and brief results of these studies are summarized in Table 
1. Altogether, these results suggest that therapy targeted to reduce galectin-3 might be 
an effective approach to prevent or reverse HF associated with extensive fibrosis.

Table 1: Overview of various different galectin-3 inhibitors.

Galectin-3 inhibitors

Compound Disease model Species Study Summary of results

Modified Citrus Pectin Vascular fibrosis Rat Calvier L et al. 2013 Reverses vascular 
hypertrophy and 
fibrosis

(MCP) Breast cancer Cell Jiang J et al. 2013 Inhibits breast cancer 
cell migration

Prostate cancer Cell Jiang J et al. 2013 Inhibits prostate 
cancer cell migration

Ovarian cancer Cell Hossein G et al. 2013 Induces apoptosis of 
ovarian cancer cells

Renal cell carcinoma Cell Xu Y. 2013 Sensitizes carcinoma 
cells to treatment

Hypertension Human Ho JE et al. 2013 
(NCT01960946)

- Study is ongoing -

Acute kidney injury Cell Kolatsi-Joannou M et 
al. 2011

Inhibits renal fibrosis

Liver cancer metastasis Mouse Liu HY et al. 2008 Inhibits liver metastasis 
of colon cancer

N-acetyllactosamine Cardiac fibrosis Rat Yu L et al. 2013 Attenuates cardiac 
fibrosis

GCS-100 Chronic kidney disease Human Tidmarsh G et al. 2013 
(NCT01843790)

Improves kidney 
function

Diffuse large B-cell 
lymphoma

Cell Clark MC et al. 2012 Sensitizes cells to 
death

Tumor-infiltrating 
lymphocytes

Cell Demotte N et al. 2010 Induces tumor 
regression

Myeloma Cell Streetly MJ et al. 2010 Modifies cell cycle and 
targets apoptosis

Multiple myeloma Cell Chauhan D. 2005 Enhances apoptosis in 
multiple myeloma cells

TD139 Hepatitis Mouse Volarevic V et al. 2012 Attenuates liver injury
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GAleCTin-3 And AldosTeRone

While the exact mechanisms of the release of galectin-3 from macrophages are un-
known, it appears that aldosterone might be an important mediator of the pro-fibrotic 
effects of galectin-3. Extensive experimental studies have demonstrated that blockade 
of mineralocorticoid receptor stimulation (by a mineralocorticoid receptor antagonist, 
MRA) markedly reduces fibrosis, as reflected by change in tissue collagen as well as 
reduction in circulating collagen peptides, which have proved to be useful markers 
of cardiovascular fibrosis [46]. More recent work also suggests that the important role 
aldosterone plays in collagen metabolism might in part be mediated by galectin-3. In 
a study by Calvier et al. [47], rat vascular smooth muscle cells (VSMC) were treated with 

Table 1: Overview of various different galectin-3 inhibitors. (continued)

Galectin-3 inhibitors

Compound Disease model Species Study Summary of results

Lung fibrosis Mouse MacKinnon AC et al. 
2012

Attenuates progression 
of lung fibrosis

Lactulose L-Leucine Prostate cancer 
metastasis

Mouse Glinskii OV et al. 2012 Inhibits metastatic 
tumor burden

Galectin-3C Multiple myeloma Mouse Mirandola L et al. 2011 Inhibits tumor growth

Breast cancer 
metastasis

Mouse John CM et al. 2003 Reduces metastases 
and tumor volumes

TD131_1 Papillary thyroid 
cancer

Cell Lin CI et al. 2009 Activates apoptosis in 
cancer cells

GM-CT-01 Tumor-infiltrating 
lymfocytes

Cell Demotte N et al. 2014 Induces toxicity of 
tumor-infiltrating 
lymfocytes

Liver fibrosis Rat Traber PG et al. 2013 Reduces fibrosis and 
portal pressure

Metastatic melanoma Human Baurain JF et al. 2012 
(NCT01723813)

- Study is ongoing -

GR-MD-02 Liver fibrosis Rat Traber PG et al. 2013 Reduces fibrosis and 
portal pressure

Ac-SDKP Cardiac fibrosis Rat Liu YH et al. 2009 Prevents cardiac 
fibrosis and 
dysfunction



215

Galectin-3: a Modifi able Risk Factor in Heart Failure

Ch
ap

te
r 9

aldosterone, leading to a concentration-dependent increase in galectin-3 protein levels. 
The MRA eplerenone abolished aldosterone-induced galectin-3 up-regulation. VSMC 
were also transfected with either a control vector or a vector driving recombinant hu-
man galectin-3 expression. Cells which overexpressed recombinant human galectin-3 
showed an increased collagen type I deposition, without changes in collagen type 
III, indicating deposition of cross linked (stiff ) collagens. Galectin-3 inhibition, which 
was performed by small interfering RNA and modifi ed citrus pectin (MCP) attenuated 
aldosterone-induced collagen type I synthesis.

To support these in vitro fi ndings, the authors conducted in vivo experiments. Rats 
were treated with aldosterone/salt during 3 weeks, either combined with the MRA 
spironolactone or MCP. Aldosterone-treated rats had hypertension, vascular hypertro-
phy, infl ammation, fi brosis and increased aortic galectin-3 expression. Both MCP and 
spironolactone treatment reversed all of the above eff ects. Finally, WT and galectin-3 
KO mice were treated with aldosterone for 6 h or 3 weeks. Aldosterone enhanced aortic 
galectin-3 expression, infl ammation and collagen type I in WT mice at both the short 
and long-term. However, no changes were observed in the galectin-3 KO mice. The 
investigators concluded that galectin-3 indeed is required for the pro-infl ammatory 
and pro-fi brotic response that is induced by aldosterone (Fig. 5) [47]. In this study, the 
galectin-3 inhibitor MCP showed to be eff ective in preventing vascular remodeling and 
hypertensive end-organ damage.

Aldosterone 

Renal damage: 
sclerosis & fibrosis 

Galectin-3 

Cardiac remodeling: 
hypertrophy & fibrosis 

Vascular remodeling: 
hypertrophy & fibrosis 

Galectin-3Galectin

Figure 5: Proposed scheme of interplay between aldosterone and galectin-3. Recent experimental data 
have suggested that aldosterone[47] (or upstream hormones like Angiotensin II[23,25]) cause galectin-3 
expression and release. This galectin-3 production is necessary for aldosterone induced end organ dam-
age, as disruption and pharmacological inhibition of galectin-3 abolishes the aldosterone-induced eff ects.
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GAleCTin-3: THe FuTuRe

Available experimental and clinical data support the hypothesis that galectin-3 may be 
both a biotarget and a biomarker. As a biotarget, inhibition of galectin-3 may reduce 
pathological fibrosis and adverse cardiac remodeling and reduce the risk of subsequent 
HF. As a biomarker, increased or increasing [48] galectin-3 may identify patients with 
excessive risk for poor outcomes, that signifies a fast forward form of HF with progres-
sive remodeling. Possibly, such patients could benefit from intensified therapy, such as 
higher dosages or additional agents.

As clinical studies of galectin-3 inhibition are initiated, some important issues 
concerning agents with this property need to be addressed. First, among thousands 
of pectins, MCP has shown to be an effective inhibitor of galectin-3 induced fibrosis. 
However, MCP is a macromolecule comprising many oligosaccharides, and the specific 
inhibitory sequences are unknown. Currently, efforts are undertaken to identify pectins 
or other compounds with higher affinity for the CRD of galectin-3, with the aim to 
achieve stronger inhibitory effects. Preclinical data yielded promising results, but long 
term safety and interaction with other diseases or drugs has not been studied. Before 
entering clinical trials, it is also mandatory to be informed on pharmacodynamics and 
kinetics of these compounds.

Galectin-3 may also be of value as a biomarker to guide selection of patients for 
specific HF therapies. A strong case has been made that aldosterone promotes galec-
tin-3 activation that in turn results in pathological fibrosis and adverse outcomes in HF 
models. This suggests that patients with elevated galectin-3 might respond especially 
favorably to aldosterone blockade (MRAs), although a recent post hoc analysis from a 
clinical trial did not report a clear relation between galectin-3 levels and the use of MRAs 
[49]. We hypothesize that aldosterone blockade will block galectin-3 related damaging 
effects. However, other factors known to activate galectin-3 will be left untouched by 
such treatment, so that we hypothesize that specific galectin-3 might have additional 
effects over the use of MRA alone. To establish a therapeutic role for galectin-3 in clini-
cal decision making, it will require a robust, prospective clinical study. The upcoming 
trial, REGAL-HF (Reduction in Events with GALectin-3 in acute Heart Failure) will test the 
specific hypothesis that patients with acutely decompensated HF and high galectin-3 
levels who are allocated to spironolactone plus usual care will have fewer events at 90 
days than those treated only with usual care. This trial will rigorously investigate the link 
between galectin-3 and aldosterone (Fig. 5), and could corroborate the hypothesis that 
aldosterone is a key mediator of galectin-3 induced fibrosis. This line of clinical investiga-
tion could also help to establish the phenotype of galectin-3 HF, where anti-galectin-3 
agents would be critical to the optimal treatment for specific phenotype with high risk 
of progressive HF.
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