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Chapter 11
GENERAL DISCUSSION

General Discussion

Galectin-3 has received considerable attention in heart failure research during the last
decade, although the exact value of galectin-3 in heart failure remains topic of debate.
Therefore the aims of this thesis were to provide more and novel insights into the value
of galectin-3 as a biomarker in heart failure- not only as a prognostic factor, but also as
a target for therapy. We explored the prognostic value of galectin-3 in several different
populations and studied the value of single versus serial measurements. Furthermore,
studies were performed to study galectin-3 biology in more detail. In addition, we performed experimental intervention studies to observe the concept of galectin-3 targeted
therapy with “natural” galectin-3 inhibitors.

Mostly, biomarkers are in use to help to assess prognosis. Therefore, in chapter 2 the
available literature on the prognostic value of contemporary biomarkers in acute heart
failure was reviewed. Since there are thousands of such studies, we limited ourselves
to those studies reporting the net reclassification index of biomarkers were included,
in order to be able to report the incremental value of various biomarkers on top of the
clinical model. We noticed several interesting observations. For instance, head-to-head
comparisons show that NT-proBNP is a moderate predictor for prognosis and is outperformed by MR-proADM for 30-day mortality and sST2 for 1-year mortality 1,2. For 5-year
mortality, MR-proANP was found to be a better predictor 3. However, natriuretic peptides
certainly do have their value since they are the best predictors for HF rehospitalization
and cardiac mortality 2,4, and therefore remain the gold standard in patients with heart
failure. Biomarkers of fibrosis, like galectin-3 and ST2 have not been extensively tested
head-to-head against natriuretic peptides, however they do show high net reclassification indices compared to other biomarkers including NT-proBNP. Furthermore, they
often remain significant predictors for outcome after correction for NT-proBNP in the
multivariable analysis and therefore can be regarded as a useful addition to the biomarker spectrum.
However, the overall prognostic value of biomarkers remains limited, with only limited
value on top of the clinical models. It remains difficult to find a single biomarker that fulfills all the needs for the evaluation of prognosis in patients with acute decompensated
heart failure. This may be due to the fact that heart failure is not a single disease; different etiologies may underlie heart failure, which are reflected by various biomarkers.
Therefore often a panel of several biomarkers is needed to show significant (but modest)
incremental value over the clinical model 5.
In addition, biomarkers should be both sensitive and specific and should aid in
clinical decision-making. However, currently no biomarkers exist that fulfil both criteria.
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NT-proBNP is a very sensitive marker for heart failure, but not very specific 6. Therefore,
biomarkers are now increasingly used for other purposes.

The Ideal Biomarker
Over the past years, biomarkers in heart failure have been extensively studied in
biomarker-guided therapy, primarily using NT-proBNP. Initial results established the
concept of biomarker-guided therapy with BNP. However, in the subsequent decade,
some studies confirmed benefits of natriuretic peptide guided therapy 8–11, whereas
other studies showed negative or neutral results 12–15.
A meta-analysis showed that NT-proBNP guided therapy might be superior to BNPguided therapy 16 and the benefits of guided therapy are only present in patients with
HFREF and not in HFPEF 17. In addition, was observed that guided HF care is more challenging in the elderly population (> 75 years) compared to younger patients, which may
be explained by increased comorbidities in this population 14,17. In conclusion, biomarker
research in HF is shifting from classical “prognostication” towards a better understanding of pathogenesis of HF and biomarker-guided therapy or biomonitoring. Although
NT-proBNP has been extensively studied as a prognostic marker, its greatest value is
its diagnostic ability. But since heart failure is a complex and diverse syndrome with
a complex pathogenesis, biomarkers may help us to elucidate the pathophysiological
mechanisms that are operative in HF.
Table 1. Features of the ideal biomarker. Adapted from: Maisel AS et al. 7
2007

2011

Sensitive and specific

Either highly sensitive (diagnosis) or highly specific (treatment
effect)

Reflects disease severity

Reflects abnormal physiology or biochemistry

Correlates with prognosis

Prognosis is most meaningful if level is clinically actionable

Should aid in clinical decision making

Should be used as a basis for specific “biomarker-guided
therapy”

Level should decrease after effective therapy

“Biomonitoring” during treatment is an effective surrogate of
improvement

The value of galectin-3 as a biomarker
As previously observed, single measurements of galectin-3 have prognostic value in
patients with acute and chronic heart failure. A biomarker reflects the present state
of disease and therefore is expected to increase or decrease accordingly. Therefore,
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repeated measurements of a biomarker might provide additional prognostic value as
already was shown by studies that reported an increased prognostic value of serial
measurements of biomarkers 18,19.
In chapter 3 we therefore evaluated whether repeated measurements of galectin-3
would also add prognostic value, compared to a single measurement. This was studied
in 2 large prospective heart failure trials with both acute heart failure patients (COACH)
as well as chronic heart failure patients (CORONA). In these independent cohorts was
found that patients with increasing galectin-3 levels (> 15%) had significantly worse
outcome compared to patients with stable or decreasing galectin-3 levels. Furthermore,
patients with high levels at baseline that remained high over time also experienced
worsened outcome. Other studies in different cohorts confirmed that serial measurements provide incremental prognostic information 20,21.
In addition, this study showed that serial measurements of galectin-3 provided additional prognostic value, compared to single measurements. Our data suggests that
it is important to prevent elevated galectin-3 levels and that serial measurements of
galectin-3 are useful because they provide additional prognostic information regarding cardiovascular outcome. Whether serial galectin-3 measurements may also guide
decision-making in heart failure therapy however remains unknown and future studies
are needed to elucidate this.
Serial measurements are not only useful in patients with heart failure, but also in
subjects in the general population, as shown in chapter 4. Risk prediction in the general
population can be helpful to guide decision-making and closely monitor those subjects
who are at highest risk. However, it remains a challenge to identify those individuals
already developing subclinical disease. Previous studies have shown that a single
measurement of galectin-3 predicts outcome in the general population. We now extend
these findings in a large population-based cohort of the PREVEND study, by showing that
serial measurements of galectin-3 were associated with higher risk for new-onset heart
failure, all-cause mortality, CV mortality, CV events and new-onset atrial fibrillation. After
multivariable adjustment for all baseline factors, serial galectin-3 only remained a significant predictor for new-onset heart failure, but not for other endpoints. Furthermore,
serial measurements provided additional prognostic value compared to single measurement of galectin-3. This study corroborates findings from previous studies showing that
serial measurements of a biomarker might be a superior strategy for risk stratification,
compared to single measurements 22. Using this strategy, individuals with persistently
elevated levels of galectin-3 over a longer time span can be identified, since they are
the subjects at risk for developing heart failure. In this way, subclinical disease can be
identified at early stage. Whether these patients should already be treated to prevent
clinical heart failure would be a very interesting hypothesis to test in future studies.
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Atherosclerosis and myocardial infarction are two detrimental disease processes leading to heart failure. A critical part of cardiac remodeling after myocardial infarction is
cardiac fibrogenesis. In chapter 5 we reviewed the available literature regarding the role
of galectin-3 in cardiac remodeling after myocardial infarction. Myocardial galectin-3
expression is upregulated after myocardial infarction, both on mRNA as well as protein
level, and is not restricted to the infarcted region. It also occurs in the non-infarcted
myocardium, leading to extensive cardiac fibrosis. This cardiac remodeling plays a crucial
role in the deterioration of myocardial function and therefore it is important to identify
patients who are at risk to develop heart failure after myocardial infarction, since their
treatment should be intensified at early stage.
In chapter 6 we studied the value of galectin-3 measurement in patients after
myocardial infarction. Galectin-3 and sST2 levels were measured in patients at time of
myocardial infarction in the GIPS-III study, which included only non-diabetic patients
with a first myocardial infarction. In this study, the association of baseline galectin-3
level and LV function, as assessed by MRI, was studied. Results showed that baseline
galectin-3 level predicts left ventricular ejection fraction (LVEF) and infarct size after
4 months, also after adjusting for baseline factors including creatine kinase (CK) and
troponin. Previously, it has been shown that galectin-3 was associated with lower LVEF
after myocardial infarction. We have confirmed this and extended these findings by
observing an association between galectin-3 level and infarct size 23. Apparently, higher
levels of galectin-3 at baseline make patients more susceptible for larger infarct sizes,
possibly because elevated galectin-3 is associated with accelerated formation of cardiac
fibrosis, a bigger scar, and cardiac remodeling.
In summary, we observed that galectin-3 is a biomarker that can be used for risk stratification in patients with heart failure, as well as in subjects from the general population
and patients after myocardial infarction. However, the absolute value of galectin-3 in risk
prediction remains moderate. A recent meta-analysis confirmed the prognostic value of
galectin-3 as a biomarker 24. Racial differences may explain the differences in prognostic
value: where galectin-3 may have limited prognostic value in blacks, compared to whites
25
. As we show in several studies, serial measurements do provide additional value over
single measurements, however this prognostic value remains limited. Therefore, the
use of (repeated measurements of ) galectin-3 as a biomarker for risk prediction can be
applied, however routine use measurements would not be recommended yet. Further
prospective analyses are necessary to establish the value of galectin-3 as a prognostic
marker. Moreover, cost-effectiveness analyses are needed. The value of galectin-3 in atherosclerosis has been poorly investigated, but the available scientific evidence is promising. Future studies are needed to determine the value of galectin-3 as a biomarker for
atherosclerosis.
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Nowadays, biomarkers are also used to guide clinical decision-making. As the potential
for the use of galectin-3 in heart failure was developing, galectin-3 was frequently studied to guide clinical decisions. Various studies have investigated the interaction of galectin-3 with heart failure drugs. In a substudy of the Val-HeFT trial was observed that the
use of valsartan resulted in a striking reduction of 44% in heart failure hospitalizations
in patients below median galectin-3 levels of 16.2 ng/mL, independent of all baseline
characteristics, including NT-proBNP 20. In contrast, in patients with high galectin-3 level,
valsartan was not effective.
The use of statins in heart failure was studied in the CORONA trial. A recent substudy
studied the interaction of galectin-3 with outcome and concluded that only patients
with low galectin-3 values (<19 ng/mL) would benefit from the use of statins 26. So, very
strong elevations in galectin-3 may indicate progressed heart failure, which is not (longer) amenable to therapies. We postulate that such information may potentially benefit
vulnerable patients with polypharmacy.
Galectin-3 can also be used to predict response to cardiac resynchronization therapy
(CRT). Currently, CRT can be used to improve symptoms and ejection fraction in heart
failure. A substudy of the MADIT-CRT trial showed that patients with the highest galectin-3 levels had 65% reduction in the primary endpoint, compared to a reduction of 25%
in patients with the lowest galectin-3 levels. Therefore, galectin-3 measurement might
be used to select “responders” for CRT therapy 27.
The use of beta-blockers was studied in the TIME-CHF trial and showed that uptitration
of beta-blockers had a better prognosis in patients with low galectin-3 values. This same
study studied the interaction of spironolactone with galectin-3 levels: patients with low
galectin-3 levels had worse prognosis after treatment with spironolactone, compared to
patients with high galectin-3 levels 28. The COACH trial also showed that the reduction
in 30-day event rate in patients discharged with spironolactone was more abundant in
patients with elevated galectin-3 29.
Altogether, high galectin-3 levels might indicate advanced heart failure with greater
resistance for established heart failure therapy, like ARB’s, beta-blockers and statins.
However, for the use of spironolactone this is the opposite: the use of spironolactone is
primarily beneficial in patients with high galectin-3 level.
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Patient diagnosed with
heart failure
Measure
galectin-3
< 17.8 ng/ml
= not elevated

> 17.8 ng/ml
= elevated

Repeat galectin-3
measurement after 6
months

< 17.8
ng/ml

▪ Little benefit of the addon of ARB and statin
▪ Uptitrate beta-blockers
▪ Consider quick referral
for CRT (if criteria are met)

> 17.8
ng/ml
eGFR <
60

▪ Measure galectin-3
once a year
▪ Consider to add ARB
and statin if indicated

▪ Patient at very high
risk
▪ Frequent controls: 3-4
a year
▪ Addition MRA
▪ Measure galectin-3
once a year

eGFR >
60
▪ Patient at high risk
▪ Frequent controls: 1-2
a year
▪ Addition MRA
▪ Measure galectin-3
once a year

Figure 1: A proposed algorithm for the use of galectin-3 in clinical practice

PART 2: The role of galectin-3 in cardiac disease – biology of
galectin-3
Thus far, several studies investigated the association of galectin-3 with endpoints in
cardiac disease. However, the exact role of galectin-3 in cardiac biology is not yet well
known - how galectin-3 exactly mediated cardiac fibrosis has been poorly studied.
Therefore our aim was to further unravel galectin-3 biology: how does galectin-3 become activated, and which factors identify galectin-3 levels over time.
In chapter 7 our aim was to identify baseline factors that determine galectin-3 levels
over time in the general population. Galectin-3 was measured at 3 time points in the
PREVEND study. With the measurement on multiple time points, we were able to study
galectin-3 dynamics over a long time period of 9 years. Baseline determinants of galec252
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tin-3 over time were urinary albumin excretion, as well as severe systolic blood pressure
(> 170mmHg). Determinants of cross-sectional galectin-3 levels were renal function,
gender, body mass index, NT-proBNP and total cholesterol. These outcomes are in line
with preclinical evidence that aldosterone, which is released in response to hypertension, induces an upregulation of galectin-3.
Multiple lines of evidence point towards hypertension as important determinant of
galectin-3 levels. However, the exact mechanism of galectin-3 in the fibrotic cascade
remains unclear. Studies in vascular smooth muscle cells have shown that galectin-3
is spontaneously expressed in these cells and they are associated with increased levels
of collagen I specifically. In galectin-3 knockout mice, aldosterone failed to increase
collagen type I levels, but collagen type III levels were increased. In vascular smooth
muscle cells, aldosterone stimulates galectin-3 expression and inhibition of galectin-3
attenuates aldosterone-induced collagen deposition and remodelling 30. Similar findings were found in renal fibrosis: inhibition of galectin-3 only attenuated collagen type I
deposition, but not collagen type III 31. This may be explained by the high number of SP-1
binding sites on the collagen type I molecule, which is a strong ligand for galectin-3 32.
An association between aldosterone and galectin-3 was also found in cardiac disease:
in rats with hyperaldosteronism, galectin-3 expression was increased, which was associated with increased cardiac fibrosis. This effect was inhibited by galectin-3 inhibition
with MCP 33. Aldosterone has been demonstrated to induce galectin-3 secretion by macrophages via the phosphoinositide 3-kinase inhibitor (PI3K) pathway 34. Several studies
investigated the effect of aldosterone-blockers on galectin-3 level. In two independent
animal studies of cardiac hyperaldosteronism, eplerenone reduced galectin-3 levels 33,35.
These findings were confirmed in a clinical study: spironolactone treatment reduced
galectin-3 levels in patients after myocardial infarction 36. Furthermore, in patients 1
year after adrenalectomy because of primary aldosteronism, plasma galectin-3 levels
significantly decreased 37. In HFPEF patients, with almost non-elevated galectin-3 levels
(median baseline galectin-3 level 12.1 ng/mL), spironolactone did not further decrease
galectin-3 levels 38.

Another route of action of galectin-3 towards cardiac fibrosis is alternative macrophage
activation. Galectin-3 binds to CD98, inducing the PI3K pathway and alternative macrophage activation 39. Macrophages can be activated by two pathways: the initial inflammatory response is induced by IFN-y and IL-12 and stimulate the release of M1-polarized
macrophages 40. In the resolution phase of inflammation, alternative macrophage
activation is stimulated by IL-4 an IL-10, and activates the PI3K pathway, eventually
leading to (cardiac) fibrosis and matrix deposition. Galectin-3 plays an important role in
alternative macrophage activation since inhibition has shown to attenuate IL-4 induced
253
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alternative macrophage activation 39. Furthermore was proposed that a galectin-3
feedback loop drives alternative macrophage activation, eventually leading to cardiac
fibrosis 39. Unpublished data also confirms that galectin-3 binds to multiple components
of alternative macrophage activation pathway, including the macrophage-bound mannose receptor, c type 1. A proposed pathway of galectin-3 activation is summarized in
figure 2.
Various factors influence galectin-3 plasma level; certain medical therapy, like spironolactone, affects plasma galectin-3 level 33,35. Also ethnic differences may explain
differences in plasma levels 25. Furthermore, also blood group may influence galectin-3
level. Previous studies described an association between ABO blood group and cardiovascular outcome. Subjects with non-O blood groups do have higher risk for coronary
artery disease and experience higher mortality in cardiac disease. In chapter 8 we investigated a potential role for galectin-3 in this association. Galectin-3 plasma levels were
measured in 2 large cohorts. First, we studied patients from the Ludwigshafen Risk and
Cardiovascular Health (LURIC) study, which comprised patients hospitalized for coronary angiography. As a validation cohort, we used the Prevention of Renal and Vascular
End-stage Disease (PREVEND) cohort, which are subjects from the general population.
In the LURIC study we observed that galectin-3 plasma levels were lower in patients
with non-O blood group, compared to patients with blood group O. We were able to
validate these results in subjects from the general population in the PREVEND cohort.
However, we observed that the prognostic value of galectin-3 is strongest in subjects
with non-O blood groups – paradoxically in those subjects with the lowest galectin-3
values. In experimental binding analysis we furthermore observe that galectin-3 binding affinity is different per blood group: galectin-3 binds stronger to red blood cells and
von Willebrand factor of subjects with non-O blood groups, compared to subjects with
blood group O. This may be caused by structural differences of blood group molecules,
by addition of N-acetylgalactosamine or D-galactose to the red blood cells in blood
group A and B. These sugars are known to have high affinity for galectin-3 and therefore
may explain the increased binding affinity for non-O blood groups. We hypothesize that
the biological activity of galectin-3 may be regulated by the glycosylation induced by
red blood cells.

PART 3: Galectin-3 as a modifiable factor in HF
One of the interesting features of a biomarker is the ability to serve as a target for therapy.
In recent years, attempts have been made to inhibit galectin-3 using specific inhibitors
in order to slow down progression of disease. In chapter 9 we summarized the evidence
for galectin-3 as a target for therapy. For galectin-3 inhibition, either specific “natural”
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Hypertension
Angiotensin-II
TGF-β
Fibroblast

Inflammation

PI3K

SMAD 2/3/4

p-TAK

NOX4

IL-4, IL-10

Alternative macrophage activation

Myofibroblast
Galectin-3

FIBROSIS
Chapter 11

Integrins

Figure 2 Proposed pathway of galectin-3 activation

polysaccharides are being used, but also synthetically synthesized small molecules. First
evidence for inhibition of galectin-3 as a therapeutic tool was provided in an in vivo
experiment of tumour growth and metastasis. Specific dietary carbohydrates, called
pectins, were able to effectively inhibit galectin-3 mediated effects 41. Hereafter, inhibi255

Chapter 11

tion of galectin-3 was also proven to be beneficial in heart failure. The pro-fibrotic effects
of galectin-3 were effectively neutralized by the tetra-peptide ac-SDKP 42. Also genetic
disruption of galection-3 effectively prevented cardiac fibrosis and development of
heart failure 43. Furthermore, galectin-3 knockout mice have shown to be resistant for
aldosterone-induced cardiac inflammation and fibrosis 44. Another polysaccharide,
N-acetyl lactosamine (N-Lac), also showed to prevent cardiac remodelling in a murine
model for cardiac pressure overload 43.
In recent years, attempts are being made to discover the most potent galectin-3
inhibitor. Galectin-3 inhibition is not restricted to fibrotic disease, but is also studied in
cancer research. The small molecule TD131_1 has shown to slow down progression of
papillary thyroid cancer by promoting apoptosis 45. TD139 is another compound that
has shown to attenuate liver injury in hepatitis and slows down progression of pulmonary fibrosis 46,47. To date, these small molecules have not been tested in heart failure
models, but these results may be expected soon. All these studies show that galectin-3
may effectively be targeted.
In most studies, modified citrus pectin is used as a galectin-3 inhibitor. In chapter 10
we want to explore the use of other pectins for galectin-3 inhibition. Various kinds of
pectins from different food sourced were screened in an in vitro assay for their galectin-3
inhibiting properties, together with established inhibitors, lactose and MCP. In this way
we identified a relative galactose-rich pectin, EMRP, that was tested in an in vivo model
of angiotensin II infusion. During this 2-week experiment, angiotensin II infusion caused
cardiac fibrosis. The use of EMRP clearly attenuated formation of fibrosis, which was
accompanied with a reduction of cardiac inflammation and preserved cardiac function
as assessed by fractional shortening. This experiment showed that more pectins from
dietary sources can be used as galectin-3 inhibitors and that it is feasible to use this
pectins as “natural” galectin-3 inhibitors to prevent cardiac fibrosis and heart failure.
Recent studies support the potential of pectins to prevent heart failure, which was
shown in a model of experimental hyperaldosteronism, that cardiac fibrosis was prevented by genetic disruption or pharmacological inhibition of galectin-3 33. Furthermore,
the inhibition of galectin-3 with modified citrus pectin, prevented cardiac fibrosis and
LV dysfunction. Interestingly, the combined use of galectin-3 inhibitor with aldosterone
antagonist resulted in additional inhibition compared to the use of a single antagonist
solely 48.
Up to now, galectin-3 inhibition has proven its potential. In these studies, galectin-3
inhibitors showed to prevent progression to fibrosis. However, the reversal of cardiac
fibrosis has not been proven yet. Fibrosis is very difficult to treat when the damage has
been done.
For treatment in heart failure a combined approach therefore could be used. First, individuals with serial elevated galectin-3 levels can be identified as at risk for development
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of heart failure. In these individuals galectin-3 inhibition might slow down progression
from subclinical disease to overt heart failure. Especially for cardiac fibrosis, it is important to treat this at an early stage and not in advanced stages of cardiac remodelling
when the ventricle is already dilated with excessive collagen deposition. However, the
current galectin-3 inhibitors still have a low affinity for galectin-3 or cannot properly be
administered. Therefore the quest for the ultimate galectin-3 inhibitor continues.

Clinical studies demonstrated a potential role for galectin-3 as a predictor for prognosis
in heart failure. High galectin-3 levels represent a pro-fibrotic state, and is associated
with co-morbidities and poor outcome. However, the use of a single predictor still remains of low clinical value. Often a biomarker panel is needed to obtain relevant clinical
applicability. Furthermore, galectin-3 can be used to guide clinical decision-making.
However, a well-organized prospective trial is needed to confirm this. Serial sampling of
galectin-3 in this trial might be useful for better risk prediction.
Galectin-3 can be regarded as an interesting marker of subclinical disease that can
be elevated in “apparently healthy” subjects in the general population. The use of
this marker might help to identify subjects at risk to develop heart failure and closely
monitor them. We hypothesize that early treatment with aldosterone-antagonists might
prevent elevated galectin-3 levels and its associated conditions. Future studies should
elucidate whether therapeutic interventions could slow down development of clinical
disease. Galectin-3 guided therapy using aldosterone antagonists would be an interesting hypothesis to test.
Most clinical studies are performed in patients with heart failure. But galectin-3 also
plays an important role after myocardial infarction. Its levels are upregulated in infarcted
tissue, but at later stage also in non-infarcted regions, in an attempt to restore cardiac
function. Baseline galectin-3 levels are predictive for the infarct size and left ventricular
ejection fraction after 4 months. Yet, the exact role of galectin-3 in coronary artery disease remains unclear. It has been demonstrated that galectin-3 is a central player in the
pathology of atherosclerotic plaque progression. However, more studies are needed to
establish the potential role of galectin-3 in atherosclerosis.
One of the most important causes of elevated levels of galectin-3 is hypertension and
its associated side effects. Hypertension drives the release of aldosterone and TGF-beta,
the subsequent differentiation of fibroblasts into myofibroblasts, which eventually leads
to association of galectin-3 with integrins to form extracellular matrix. Moreover, galectin-3 drives a positive feedback loop via recruitment of macrophages and alternative
macrophage activation. In order to prevent galectin-3 release it is important to inter257
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vene in this cascade. Treatment of hypertension might be important to prevent elevated
galectin-3 levels. Prospective studies are needed to confirm this hypothesis.
The greatest value of galectin-3 is its ability to serve as target for therapy, in order
to prevent cardiac fibrosis and remodeling. Several preclinical studies have shown that
galectin-3 inhibition is an effective strategy to prevent cardiac fibrosis and cardiac dysfunction. Pectins can be an interesting source of “natural” galectin-3 inhibitors. But given
the structure of these macromolecules, affinity for galectin-3 is rather low. Therefore,
there still is a need for a powerful galectin-3 inhibitor that is orally available.
Spironolactone already showed to effectively reduce galectin-3 levels. It would be
interesting to study the additional effect of galectin-3 inhibition on top of this relative
“common” heart failure therapy. Experimental studies showed that combined galectin-3
and aldosterone blockade resulted in synergistic effects on cardiac inflammation and
fibrosis 48. As a next step, galectin-3 inhibition with modified citrus pectin is currently
tested in humans. In the next years, stronger inhibitors will appear which will answer
the question if galectin-3 inhibition might be of additional value on top of aldosterone
blockade. Modulation of galectin-3 in experimental studies should provide an answer
whether galectin-3 inhibition would also be useful as a target for therapy in atherosclerosis.
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