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KEY POINTS

e Galectin-3 is a pleiotropic protein that is produced after organ injury and secreted in the systemic

circulation.

e Galectin-3 is an established biomarker and, in a recent meta-analysis comprising 32,350 partici-
pants with a total of 323090 person-years of follow-up, galectin-3 was associated with all-cause

and cardiovascular mortality.

e Galectin-3 is a protein with important biological functions, especially fibrosis formation, and as such
is currently explored as a potential target for therapy.

INTRODUCTION

This article provides an update regarding the most
recent published literature on galectin-3 as a
biomarker in heart failure (HF) and gives an outlook
toward its use as a biotarget.1 In the last decade,
several reviews from our group and others have
summarized the articles on galectin-3 as an HF
biomarker.”® The authors have included articles
extracted from the PubMed library up to April
2017.

HF is an important cause of morbidity and mor-
tality in the Western world and approximately 10%
of the people more than 70 years of age are diag-
nosed with HF.® Despite considerable advances in
diagnosis and management of HF, 5-year mortality
still remains around 50%, which is extremely high.
The prevalence of HF is globally increasing, mainly
because of the aging population’® and increased
success rates in treating cardiovascular diseases

that precede HF, including myocardial infarction
(MI) and hypertension.

HF is also an expensive disorder, often requiring
periods of hospitalization, and this adds signifi-
cantly to the burden of disease. According to an
estimation, the annual cost of HF in the United
States will increase from US$31 billion to US$70
billion by 2030."" Therefore, avoiding unnecessary
HF hospitalizations is a top priority in HF
management.

Patients with HF usually present with the clinical
symptoms of fatigue, as well as shortness of
breath and peripheral edema, which result from
insufficient cardiac function. The authors use the
term HF for the early stage of the disease even
when clinical symptoms may not yet be present.
According to the 2016 European Society of Cardi-
ology (ESC) guidelines, HF is classified as either
HF with preserved ejection fraction (HFpEF; ie,
EF > 50%), HF with midrange ejection fraction
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(HFmrEF; EF 40%-49%), and HF with reduced
ejection fraction (HFrEF; EF<40%)."? Different un-
derlying disorders lead to the development of HF,
as described elsewhere.'? 1%

Biomarkers reflect pathophysiologic mecha-
nisms occurring in the body and are usually
used as adjuncts in patient management. As
such, biomarkers may find their utility in HF diag-
nosis, prognosis, and risk stratification; although
their use in HF has expanded rapidly, several bio-
markers have still not made their way into regular
patient management. Current HF guidelines
focus primarily on B-type natriuretic peptide
(BNP) or its biologically inert amino-terminal
pro-peptide, N-terminal proBNP (NT-proBNP).'?
However, NT-proBNP usage has limitations:
Although NT-proBNP levels can be used to
diagnose both types of HF, low levels might not
exclude HFpEF diagnosis.’®

The 2013 American College of Cardiology Foun-
dation/American Heart Association guideline for
the management of HF recommends the use of
galectin-3 for risk stratification as well as for prog-
nosis in patients with moderate and severe HF
(class llb)."® Although current ESC guidelines on
HF do not recommend galectin-3 for clinical prac-
tice, it seems to be a useful biomarker in various
settings, which are discussed later.

Galectin-3 is one of 14 members of the lectin
family and is encoded by a single gene (LGALS3);
it binds various B-galactosides using its carbohy-
drate recognition domain (CRD), and elicits several

Remodeling

biological effects. The CRD consists of approxi-
mately 130 amino acids and is indicated in the
pathophysiology of HF. Galectin-3 also plays an
important role in inflammation; tissue repair,
including fibrogenesis; as well as cardiac ventricu-
lar remodeling, which is an important hallmark in
HF2 1417 (Fig. 1).

This article discusses the utility of galectin-3 in
new-onset, acute, and chronic HF, including
HFrEF and HFpEF. First, it highlights different
diagnostic assays and reference ranges of galec-
tin-3 in various populations.

GALECTIN-3 ASSAYS

Establishing a reproducible and accurate method
to measure galectin-3 in the circulation is impor-
tant for research as well as in clinics and there
are several commercial galectin-3 assays that pro-
vide an accurate measurement of circulating
galectin-3. The most commonly used galectin-3
assays are summarized in Table 1. These assays
can be used to detect galectin-3 from venous
blood samples, which can be collected in EDTA
(ethylenediaminetetraacetic acid) tubes or in
serum. After separation, the serum or plasma
may be stored at —70°C for approximately 10 years
and can undergo up to 9 freeze-thaw cycles
without significantly influencing galectin-3 test re-
sults.”® The BG Medicine (BGM) galectin-3
enzyme-linked immunosorbent assay (ELISA) kit
and R&D ELISA kit are manual assays, whereas

Progressive

Accumulating fibrosis and ventricular
ongoing inflammation / s
4 Poor
: oy

Index event
MI
Hypertension
Myocarditis
Cardiomyopathy

Modulating factors
Galectin-3
Inflammatory markers
Matricellular markers
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Stable, organized scar
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¢ "
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Fig. 1. Mechanism underlying HF. An index event such as a MI, endocarditis, or long-standing hypertension causes
stress to the heart. This index event provokes a release of different cytokines that may cause a pathologic remod-
eling with an upregulation in fibrosis and inflammation; on-going pathologic remodeling leads to a poor
outcome with an increased mortality. In contrast, there can be a nonremodeling with a stable and organized
scar and a relatively preserved cardiac function. (From de Boer RA, Meissner M, van Veldhuisen DJ. Galectin-3.
In: Maisel AS, editor. New Delhi (India): Jaypee Brothers, 2012. p. 206; with permission.)



77

Galectin-3 in Heart Failure

‘uoissiwiad Yym [z9z:piy 10z ubeiq |o AdY Wadx3 ‘aun|ie) 1eay ul s|and| £-uipdaleb
Buiie|naad 4o Juswainsesw ay) 4oy sAesse [enueWw pue pajewoine Jaylo yum uosuedwod :Aesse g-uids|eb [J31IHDOYY YL 'V 4209 3p "HV 9P[aA Jop uea DAA SIS(I9N wolH
‘uojje|ndod |essuab uo paseq $a|1AUI |,
'suipa|eb Jayio pue ‘g pue ‘||| ‘| suabe|jod yim ALAIDE3I SS0UD ON

‘llwedesan pue ‘40)de) plojewnayl ‘Apogiiue asnowijue uewny ‘sajdwes pazAjoway Yiim 35U3J34I191U| "UOIIEIIPAW JB|NdSBAOIPIED Pasn Ajuowwod pue dg9z-OvIN ‘#L ‘Ol
'6'8 'L ' ‘T 'L suidaleb luiqojBoway 'aujuiiessd [|0133s3I0Yd [UINg|e WnJas dulA0g 'sap A6y letwapidi| fuignuijig pazebnfuodun fuignuijiq parebinfuod yim adusiaiaiul ON
"3winjoA peap 4o 1 oG snid

‘uonediyipuenb o Jwi| ‘DOT UOIIRIBP JO HWI| ‘qOT HUB|] 4O HWI| ‘gOT {UB|NISBAOIPIED ‘AD BUDIPAIAl DY ‘INDE SUOILEIASIGQY

- - - > q 2°98-50 - - - S 4" - 0l I3y
90L 66 L6 > q OL-€LE0 — 200 — 6'S 6'€ St 0S apuey
- - - > q 00L-€'€ €'t e e S'S €l 0c 00¢ SVYain
aulnoy

S[T L'ST v > q 14157 14 L 80 6t L7 8¢ eSC 1D31IHOHY
S'le L'Se vee > q 14154 4 L 80 L't e 8l eS¢ 1815 DI LIHOHY
9¢ L't b6l > q 86—l [4" Ll 980 9’9 e S’ (013 k|

S9|nUSdIad  AjAndeay odualepaiul  (qw/bu) (qw/bu) (quybu) (w/bu) (%) AD ul (%) AD Ul (4) (1) awnjop

ssol) abuey bol aol gol Aujigenenasyu] Ayjigeueaenu) uoneing a|dwes

Bulinseap
Jwi] uondeleg suoispasdwj |e3oL

sAesse g-undajebh jo uosuedwod
1 @lqeL




78

Gehlken et al

ARCHITECT and VIDAS are the frequently used
automated assays (using the same antibodies as
BGM assay).

BGM developed a galectin-3 ELISA kit and
used rat monoclonal antimouse galectin-3 anti-
body attached to a microtiter plate. The second-
ary antibody is a traced mouse monoclonal
antihuman galectin-3 antibody. The concentration
of galectin-3 can be determined with spectropho-
tometry with the help of another substrate, and at
least 30 pL of serum or plasma is required. This
assay is not automated, and has a long turn-
around time of 3.5 hours; however, it is often
used because of its low operating costs, and
because it has received US Food and Drug
Administration (FDA) approval.’®?® The R&D
ELISA uses the same sandwich ELISA technique
as BGM, but requires a sample volume of 50 pl;
it is not FDA approved and is mainly used in
research settings.'®?"

A cooperation of BGM and Abbott provided the
first automated galectin-3 assay, known as AR-
CHITECT. The ARCHITECT assay uses the
same antibodies as the BGM galectin-3 ELISA
kit. In addition, a tracer as well as another sub-
strate is required to run a chemiluminescent
immunoassay. Abbott offers 2 different demand-
adapted assays and both these assays require a
25-uL. sample volume. It has a short turnaround
time of only 18 minutes, and therefore can be
effective when multiple samples are analyzed on
a daily basis.’®???% The VIDAS, produced by bio-
Meérieux, is another automated immunoassay
based on a strip system, which can be evaluated
using a specific machine. Although this assay re-
quires a high sample volume of 200 uL, it has a
short runtime of 20 minutes. VIDAS is consistent
with the BGM assay; however, it has higher
running costs.'®?4

In order to interpret the information conferred
by changes in biomarker levels over time, it is of
crucial importance to understand parameters of
variation. A recent study investigated the variation
of common and novel biomarkers in 28 healthy
controls and 83 patients with HF. Galectin-3
was found to be a stable biomarker with very
low variability. The intraindividual coefficient of
variation (CVi) was reported, as well as the refer-
ence change value (RCV), which is a marker of
percentage of change that indicates a relevant
change. Galectin-3 had low indices of variation:
a CVi of 8.1% and an RCV of 25.0%, which is
lower than, for example, NT-proBNP (CVi,
16.6% and RCV, 64.3%).”> A low CVi of
galectin-3 (short-term, 4.5%; long-term, 5.5%)
was also shown in 20 healthy controls and 59 pa-
tients with HF.2¢

GALECTIN-3 LEVELS: TRENDS IN
HEALTHY INDIVIDUALS

Galectin-3 reference intervals in healthy individ-
uals have been derived from large cohort studies,
such as the prevention of renal and vascular end-
stage disease (PREVEND) study, Framingham
study, and the National FINRISK study. Galectin-
3 levels gradually increase with age®®?” and are
also slightly higher in women than in men.?’
Galectin-3 levels also vary depending on race. In
a substudy of the Atherosclerosis Risk in Commu-
nities (ARIC) study, galectin-3 levels were evalu-
ated in 1809 subjects; although baseline levels
were higher in healthy black individuals compared
with healthy white individuals, galectin-3 did not
strongly predict HF and death in black people.
However, galectin-3 levels were independently
associated with HF or death as a composite end
point and also provided improved discrimination
in Harrel’s C statistic in white subjects.”®

NEW-ONSET HEART FAILURE

New-onset HF may present as acutely decompen-
sated HF (ADHF; eg, after acute Ml) or may start
subacutely, which makes the diagnosis of the con-
dition more difficult; for example, in dilated cardio-
myopathy.'? The following studies highlight the
use of galectin-3 as a biomarker in predicting
new-onset HF in the general population.

In the Framingham Offspring Cohort, which
included 3353 participants (initially N = 3450),
galectin-3 was significantly associated with an
increased risk for new-onset HF and all-cause
mortality after adjustment for BNP and several
other clinical variables.?® The Rancho Bernardo
Study was an outcome analysis of 1389 subjects
from the general elderly population with a mean
age of 70 years. Increased galectin-3 was a pro-
portional predictor of cardiovascular death and
all-cause mortality, also after adjustment for NT-
proBNP, in subjects without previously diagnosed
cardiovascular disease.*° However, this study did
not evaluate new-onset HF.

The FINRISK cohort (N = 8444) study showed
that increased galectin-3 levels were proportional
to an increased risk of cardiovascular events in
the general population. However, there was no
significant relationship in predicting HF incidence
after adjusting for NT-proBNP.?! In addition, in
the PREVEND cohort study (N = 5958), which
evaluated the usefulness of serial galectin-3 mea-
surements in the general population, a persis-
tently increased galectin-3 level independently
showed an increased risk of developing new-
onset HF.*?



A recently published meta-analysis including 18
studies with 32,350 subjects showed an increased
risk of all-cause mortality, cardiovascular mortal-
ity, as well as HF in individuals with increased
galectin-3 levels." The utility of galectin-3 levels
to predict all-cause mortality and new-onset HF
in the general population is summarized in
Table 2.

PROGNOSIS AND RISK STRATIFICATION:
ACUTE HEART FAILURE

Acute HF (AHF) is characterized by a sudden onset
of HF symptoms, usually also combined with signs
of HF.'? AHF can be a new-onset HF, or, more
commonly, a decompensation of preexisting HF
(chronic HF [CHF]), and can be caused by intrinsic
or extrinsic factors, which are described else-
where.'? AHF is the leading cause of hospitalization
in elderly people in Europe, and is a major contrib-
utor to overall health care cost as well as mortality.>®

Although galectin-3 levels are usually increased
in patients with AHF, it has a limited role in diag-
nosing AHF.*>* BNP, a marker of myocardial
stretch and overload, is the leading biomarker in

Galectin-3 in Heart Failure

diagnosing AHF in patients presenting with dys-
pnea to the emergency department.®® Because
galectin-3 is a slow marker, reflecting fibrotic pro-
cesses, it seems to be particularly useful in identi-
fying patients with AHF who are at an increased
risk for future events and in selecting those who
require a more intensive follow-up. Several studies
have been published and reviewed demonstrating
the utility of galectin-3 in AHF.*5*

In 2010, a subanalysis conducted on 56 patients
with ADHF showed a significant relationship be-
tween increased galectin-3 levels and increase in
4-year mortality, independent of echocardio-
graphic parameters.®

More recently, Mueller and colleagues®
included 251 subjects with AHF and considered
galectin-3 useful in determining the probability of
1-year all-cause mortality; soluble suppressor of
tumorgenicity 2 (sST2) and BNP were also equally
useful in predicting this end point. Another study,
including 101 patients, showed a significant
improvement in predicting the likelihood of a 60-
day readmission in patients with ADHF if
galectin-3 was evaluated together with BNP.
When used as a sole marker, galectin-3 also

Table 2
Galectin-3 in the general population
Study or Author Sample Median Gal-3 Follow-up Main Findings/
Name, Date Size (N) Assay Levels (ng/mL) Period (y) End Points Results
Framingham 3353 BGM Women, 14.3 8.1 Several Galectin-3
Offspring Men, 13.1 sequences significantly
Cohort,?® of events predicted new-
2012 onset HF after
adjustment for
BNP and several
other clinical
variables in
general
population
FINRISK cohort,®' 8444 ARCHITECT Women, 12.0 15 All-cause Predictor for
2015 Galectin-3 Men, 11.5 mortality incident HF and
Cardiac death  death after
Ml correction for
Ischemic NT-proBNP in
stroke general
HF population
PREVEND study,’® 5958  BGM Baseline, Median 9.3 New-onset HF Increases in
2016 10.7; after CV death galectin-3
~9y, 115 All-cause associated with
mortality increased blood
New-onset pressure and
atrial urinary albumin
fibrillation >30 mg/24 h
CV event

Abbreviations: BGM, BG Medicine; BNP, B-type natriuretic peptide; CV, cardiovascular; Gal-3, galectin-3; HF, heart failure;

MI, myocardial infarction; NT-proBNP, N-terminal proBNP.
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showed significant prognostic value in predicting
60-day readmission in patients with ADHF with
preserved ejection fraction (area under the curve,
0.85; P<.001).*? Likewise, the GALectin-3 in Acute
heart failure (GALA) study, which used a small
study group of 115 patients, compared the values
of galectin-3, NT-proBNP, and cardiac troponin |
(cTnl) in predicting 30-day all-cause mortality and
1-year mortality (among other end points) and
concluded that galectin-3 (but not NT-proBNP)
was useful in predicting the 30-day all-cause mor-
tality after hospital admission for AHF. The study
also showed that although galectin-3 had no prog-
nostic utility in predicting 1-year mortality, NT-
proBNP had a significant predictive value; In
contrast, cTnl could predict neither the 30-day
nor the 1-year mortality.*®

All the studies mentioned earlier are also in line
with a pooled analysis of 902 patients hospitalized

HF Rehospitalization Within 30 D

PRIDE N
COACH -
UMD H-23258 =
Total ‘ 2.80 (1.41-6.57)
I T | 1
0.32 100 3.6 10.00
QOdds Ratio

for subjects with Galectin—3 >17.8 ng/mL

HF Rehospitalization Within 90 D

PRIDE BN
COACH -
UMD H-23258 ™

Total ‘ 3.01(1.79-5.05)

T T T 1
0.32 1.00 3.16 10.00

Odds Ratio
for subjects with Galectin-3 >17.8 ng/mL

with AHF, which showed that when plasma
galectin-3 levels exceeded 17.8 ng/mL, the risk
for readmission (at 30, 60, 90, or 120 days) and
death were significantly increased, also after
adjustment for common variables, including BNP
(Fig. 2, Table 3).** Galectin-3 very strongly reclas-
sified patients from low-risk to high-risk cate-
gories, and vice versa; that is, patients who were
classified as having high risk in fact had low risk
for death and/or hospitalization. In a subsequent
study, low galectin-3 levels in patients with AHF
proved to be potentially effective in identifying
those who could be (safely) discharged. In 592 pa-
tients in the Coordinating Study Evaluating Out-
comes of Advising and Counselling in Heart
Failure (COACH), galectin-3 was an effective
marker in predicting the absolute absence of
events within 180 days from the time of discharge
after an episode of ADHF. Galectin-3 showed a

HF Rehospitalization Within 60 D

PRIDE [ ]
COACH -
UMD H-23258 -
Total ‘ 261 (1.46-4.65)
f T T ]
0.32 1.00 3.16 10.00
QOdds Ratio

for subjects with Galectin-3 >17.8 ng/mL

HF Rehospitalization Within 120 D

PRIDE -
COACH -
UMD H-23258 ]
Total ‘ 2.79(1.75-4.45)
I T T 1
0.32 1.00 3.16 10.00
Odds Ratio

for subjects with Galectin—3 >17.8 ng/mL

Fig. 2. Meijers pooled analysis. The odds ratio of HF rehospitalization at different time points across 3 different
studies (N-terminal pro- BNP Investigation of Dyspnea in the Emergency Department [PRIDE], Coordinating Study
Evaluating Outcomes of Advising and Counseling in Heart Failure [COACH], and University of Maryland [UMD]
Pro-BNP for Diagnosis and Prognosis in Patients Presenting with Dyspnea study H-23258). (From Meijers WC, Ja-
nuzzi JL, defilippi C, et al. Elevated plasma galectin-3 is associated with near-term rehospitalization in heart fail-
ure: a pooled analysis of 3 clinical trials. Am Heart J 2014;167(6):856; with permission.)
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good sensitivity in predicting the absence of
events when values were less than 11.8 ng/mL.
The results were also validated in the independent
TRiIple pill vs Usual care Management for Patients
with mild-to-moderate Hypertension (TRIUMPH)
HF cohort, which included 285 subjects.*®
Galectin-3 may thus be used to direct scarce re-
sources to those patients who truly have an
increased risk of having events during follow-up,
and steering unnecessary care away from low-
risk patients.

In contrast, some other studies showed a limited
value of galectin-3 in predicting outcomes in pa-
tients with AHF. The RELAXin in Acute Heart Failure
(RELAX-AHF) trial compared different biomarkers
at multiple times in patients with AHF (n = 1161).
Galectin-3 was stable over time (baseline to day
60) and a benefit of repeated measurements could
not be proved,’® whereas high-sensitivity C-reac-
tive protein and sST2 had an improved predictive
value on day 14 after hospital admission.*® This
finding was confirmed in a recent study involving
2033 patients with AHF from the ProB- NP QOutpa-
tient Tailored Chronic Heart Failure (PROTECT)
study; galectin-3 levels remained stable over time
and serial measurements offered limited prognostic
value in these patients.*®

In conclusion, plasma galectin-3 seems to be
an additional risk marker in the diagnosis and
prognosis of AHF. However, it is important to
realize that galectin-3 is not a cardiac-specific
biomarker and may also reflect other systemic
pathophysiologic processes, such as activation
of the inflammatory axis on top of cardiovascular
disorder.

PROGNOSIS AND RISK STRATIFICATION:
CHRONIC HEART FAILURE

After the initial emergency of AHF has resolved,
and the condition of HF persists for more
than 3 months,*” the condition is then referred
to as CHF. Like AHF, CHF may have different
causes, including a diseased myocardium,
abnormal loading conditions, and arrhythmias.’?
Compared to healthy individuals, galectin-3 levels
are usually increased in patients with CHF
(Table 4),25:4648:49.53.54 The prognostic utility of
galectin-3 in CHF was first reported in a study by
Lin and colleagues® on 106 patients with CHF.
Galectin-3 levels also correlated with markers of
cardiac remodeling after adjustment for age,
gender, and New York Heart Association (NYHA)
class. Another study, in 2010, also showed the as-
sociation between galectin-3 and left ventricular
remodeling and indicated that galectin-3 was
able to predict long-term all-cause mortality in

patients with CHF even after adjusting for age,
gender, severity of HF, and renal function.®’

A role for serial galectin-3 measurements in pa-
tients with CHF has also been explored. Serial
galectin-3 measurements in the Valsartan Heart
Failure Trial (Val-HeFT)*® were prognostically sig-
nificant in patients with CHF. Galectin-3 measure-
ments from 1650 patients were included at the
baseline, and an elevation of galectin-3 after
4 months (N = 1346) significantly correlated with
HF hospitalization, all-cause mortality, and first
morbid event after adjusting for NT-proBNP and
estimated glomerular filtration rate (eGFR).
Furthermore, there was a decrease in HF hospital-
ization when baseline galectin-3 levels were lower
than 16.2 ng/mL.*®

Inarecent study involving patients with CHF from
the Controlled Rosuvastatin Multinational Trial in
Heart Failure (CORONA) (N = 1329), galectin-3
levels were measured at baseline and at 3 months;
the primary composite end point was all-cause
mortality or rehospitalization. Serial galectin-3 mea-
surements were also useful in this study: a 15% in-
crease over 3 to 6 months is associated with a 50%
increase in death and HF rehospitalization.*®

In contrast, previous studies showed that there
was no added value of repeated galectin-3 mea-
surements (at baseline and after 6 months) in pa-
tients with CHF.>® Several other studies support
these observations; for instance, in a recent study,
serial galectin-3 measurements in 180 patients
with CHF with reduced ejection fraction (EF) over
2 years did not have any significant prognostic
value in predicting risk of death or cardiac trans-
plant after adjusting for clinical variables, BNP,
and cTnT.>*

Galectin-3 levels in CHF also seem to vary
depending on other factors, such as rehabilitation
or comorbidities. Cardiac rehabilitation seems to
reduce galectin-3 levels in patients with CHF. A
recent study showed that there was a 6.3% median
decrease of galectin-3 and other cardiac bio-
markers, such as sST2 and midregional pro—atrial
natriuretic peptide (proANP), in patients with CHF
and reduced EF (ie, EF < 45%) following a cardiac
rehabilitation.>® Kidney function seems to play a
key role in determining serum galectin-3 values
and also influences its predictive value in HF.>5>8
A Danish research group found a relationship be-
tween an increased galectin-3 plasma concentra-
tion (>16.90 ng/mL) and a reduced eGFR, along
with increased levels of proANP, chromogranin A,
and copeptin, in a prospective study involving
132 patients with chronic HFrEF.*® In patients
with both HF and reduced renal function,
galectin-3 has a decreased predictive value after
adjustment for renal function.’® Another study



83

Galectin-3 in Heart Failure

(2bed 1xau UO panunuod)

4H 104
uollezieydsoy jo a1eJ
pacnpaJ e Yiim pajedosse
SeM |9A3| £-uildajeb

MO| UM spualied ul uelies|ep
SWO033N0 3SI0M
Jo Jopipaid spuadapul
ue sem dwi} J3Ao

4H ‘_O+
uolez|jeydsoy ‘JUaAd

8°Gl ‘SioAlnINg
£'8L 'PaIp oym syuailed
2'9] ‘abeiany

€102
s/1B1L 3Injiey

san|eA g-uiajeb ul aseauu| pigJow 1sai) ‘AyljelIol  ow £7 ‘UeIpalN auijaseg AIDE 0§91 HeaH uepesiepn
Ayljeriow asned-||e p-081
s35NEd AD/|RUI
4HYV 10} pazijeyidsoy asam 104 uonez|jeydsoyau
oym 4HD yiim syuaiyed 10 Yyieap p-0€ pazipiepuels 9102
ul uopesiuaduod 3jgels  ‘Aljenow ssned-jle p-pg p 08l £'9¢ 'auljaseg 10N €€0Z o,'1€M} 1D310¥Ud
Jopipald juspuadapul ue
sem z1ss A|uo Inq ‘syulod uoljezjjeydsoy
pud ay3 4o aAPIpald paje|al-4H (%0F > 43A1) 910z
sem (Tw/bu |'zg<) €-uid3len ‘jue|dsuel) dejpied/yieaq Az T'€T 'aul[eseg INDg 081 »c'l8 3@ JB|IIN
uoI1139.140) Jayje 1uied pua
fiewid 10y ge*| JO okl
plezey e yum paleldosse
€-ua|eb jo buignog
43d4H
Ul anjen anlipaid Jsbuons
4H yym syuaned uj 7oz =
Ow g J8lje pue sujjaseq e %07<d43IAT 43d4H LLoc
sjuawWaInseaw g-uide|eb yieap Jo 66l = cc'1el HOVOD
paleadal jo anjea pappe oN  4H Joj uonezijeydsoysy ow g| %0% > 43A1 4344H NDE 765 jo Apnisqgns
€8 =4HD
fpgenena moj K1lljeriow asned-||e Agordn 1’91 4HD 87 = 5|0J1U0d 1102
ABA Yaim JadjJewolq ajqeis  Jo uonezijendsoyad {H M g pue ow £0L ‘S|oJ3u0d D Ayyesy  .,'le 18 stalisny
s}|nsay/sbulpuly uienl Sjulod puj pouiad (qu;Bu) Aessy  (N) @z1s s|dwes ?jeq 'swenN
dn-mojjo4 S|9na1 £-|eD uelpanl Joyiny o Apnis

S31pN}s ainjiey Meay J1uoiyd Ul g-uipdajen
v alqeL




Gehlken et al

84

'z fapdiuabiowny jo sossasddns a|gn|os ‘z1Ss ‘yieap deipJed uappns ‘qds ‘apirdad sinainiiieu |eliye—odd YNy-o4d NG -oad [eulwiSl-N dNgold-IN ‘uol
-2B44 U013 JB|NdIIIURA 13| Y3AT {UOIdEIS UOIB[d padnpal Yim 4H 4314H ‘uondely uoidals paasasaid yiim 4H 43d4H [Buluiesy asipuaxa jo sawodino bunebiisaaul [el) pa|j|oduod
e -4H ‘[elil NOILDW-4H !2in|ie) 1eay YH ‘g-u1dajeb ‘g-|en !a1eJ uoiesy|l) Jejnidawo|b pajew iss ‘Y499 Jejndseaoipied ‘AD uociiell|igeyal deipied "y ‘ainjie) peay ul buijasunod pue
Buisiape jo sawodino Buien|eas Apnis Buijeuipiood ‘HIYOD @injiey 1eay duoayd 44D ‘apndad >inainuieu adAl-g ‘dNg ‘Budipaw Dg ‘INDY ‘ain|iejaeay ainde YHY SUOIIBIASIGqY

sjuswainseaw
dNgoud-1N 03 pappe uoljez|jeydsoy
usym DS 4O uoledijisse|d asned-||e 10T ¢ '1eM}
JSH 38U 0} paINquIU0)  pue Ayjjeniow asned-||y ez 6'€lL ‘auijsseg NOg €18 NOILDV-4H
4H Yyim
sjuaned pue
uone|ndod
4H |esauab
pue ‘Ayjenow AD ‘Aljeliow 1231IHDYY ‘saIpnis gl
asned-||e 10} Jopipaid 4H ‘Aujeuow INDY Jo sishjeue-elay 1107
e 9Je san|en pasealdu| asned-||e ‘Aljeow AD A g ‘ueipap — Ajuowiwod 350\ 0SE'ZE ,'[e 19 uedw
W EL MWW 0E>
uoldUNY |euas 104 H4D9 J0} G'¥¢
juawisn(pe Jaye Ayjeniow AU €L LUIW W 09>
AD pue asned-||e 1o} uollezjjeidsoy 0} OE ¥4D3 Jo} L'9]
sisouBoud 4H ul (auediiubis 4H ‘Ayjerow LU EL MWW 09 < r10z
10u) anjea payiwiIg AD Ayijeow asned-||y A7y ‘uesiy Y499 10} €771 SVAain 9/8 o'|e 19 eJOWeEZ
sia19weled
s1ydesbolpiedoyds
U1lMm paleldosse
10U 2J9M San|eA g-uidajen
unindadod
pue 'y ulueibowoiyd
'‘dNvo.d paseadul dn-mojjo4
pue Y4539 pasnpau anoyim Apnis 9L0C <12 19
e 0} paje|al sem Jw/Bu 069l < —  |euol}385-55013 6'91 'auljeseg NDE 4314H Z€L  31JogeD 371 01S
(565" = ) dnoib
Y¥d-ou ul abueyd oN
YD J93e dseanap AR PR L10T
(L000°>d) 3uediyiubig - ow 9 '8l 'auljeseg 1D3LIHDYY %St > 43AT £0L os'le 32 neaqgaj|ig
sy|nsay/sbulpuly ulepy slulod puj pouiad (Tw/bu) Aessy (N) 9zis a|dwesg 2leq ‘swepN
dn-mojjo4 s|ana1 £-|en uelpanl Joyiny o Apnis
(panunuod)
¥ 3lqeL




involving 876 patients also showed limited value in
HF prognosis when adjusted for renal function.*®

Galectin-3 seems to add prognostic information
on top of existing HF biomarkers in patients with
CHF; galectin-3 and ST2 significantly contributed
to net risk classification of sudden cardiac death
(SCD) but not pump failure when added to NT-
proBNP measurements in 813 subjects with CHF
from the HF- A Controlled Trial Investigating Out-
comes of Exercise Training (HF-ACTION); In
contrast, NT-proBNP was a very strong predictor
of deaths caused by pump failure.®® Certain
studies also indicated that the biomarker sST2
could be superior to galectin-3 in risk stratification
of patients with CHF.®° A recent study compared
the utility of serial sST2 measurements with
galectin-3 measurements in ambulatory patients
with CHF and concluded that, in multivariable
models adjusted for BNP, ¢TnT, and clinical vari-
ables, serial galectin-3 measurements did not
reclassify patients into higher risk groups, whereas
serial measurement of sST2 offered additional
prognostic value in predicting death or cardiac
transplant in patients with CHF.>*

In addition, a published meta-analysis in 2017°
showed a significant increase of cardiovascular
disease mortality risk for every standard deviation
increase of galectin-3 in patients with HF (hazard
ratio, 1.44 [1.09-1.79]). Galectin-3 could thus pro-
vide additional prognostic value compared with
that provided by conventional cardiovascular dis-
ease risk factors.

GALECTIN-3 AND HEART FAILURE WITH
PRESERVED EJECTION FRACTION

Preventive medicine is becoming a major focus in
modern therapy guidelines. A major part of the
population more than 65 years of age is diagnosed
with arterial hypertension, which can potentially
lead to HFpEF. Individuals who are at a higher
risk of developing HFpEF need to be identified,
and galectin-3 can be an effective biomarker in
early detection of HFpEF. Most of the articles
were published before the release of the 2016
ESC HF guidelines,? and patients currently classi-
fied as having HFmrEF were included in the HFpEF
category. The previous terminology with an EF
cutoff of 50% is used here.

HFpEF can be diagnosed when a combination
of clinical symptoms and signs, an EF mare than
50%, and specific echocardiographic criteria are
present. Echocardiography commonly shows
either a structural heart disease (left atrial enlarge-
ment, left ventricular hypertrophy) or diastolic
dysfunction, or both in patients with HFpEF.'?
Plasma galectin-3 levels tend to be similar in

Galectin-3 in Heart Failure

patients with HFpEF and HFrEF; however, studies
show that galectin-3 values can directly relate to
the severity of diastolic dysfunction.®” A smaller
study (N = 63 patients) also found a positive asso-
ciation between the serum galectin-3 levels and
left ventricular diastolic filling properties, which
was determined by late gadolinium-enhanced car-
diac magnetic resonance imaging.®? In the ALDO-
sterone Heart Failure (ALDO-DHF) study,
increased galectin-3 plasma values directly corre-
lated with cardiac function in patients with HFpEF.
When galectin-3 level was more than 12.1 ng/mL
at baseline, echocardiography revealed an
enlarged left atrium and diastolic dysfunction
(increased E/E’ ratio). However, there was no sig-
nificant correlation of galectin-3 plasma values
(N = 377) and spironolactone treatment in patients
in the Aldo-DHF trial.®® Because low values of NT-
proBNP do not exclude HFpEF diagnosis,
increased galectin-3 level can raise the suspicion
of HFpEF and galectin-3 could therefore have a
diagnostic utility in patients with HFpEF.53:84

Galectin-3 can also be used in prognosticating
patients with HFpEF; galectin-3 was found to be
the most accurate risk predictor of adverse events
within 5 years in patients with HFpEF. A total of
1385 patients with HF were included in the study;
106 patients had a preserved ejection fraction.®®
These data support the results from the substudy
of the COACH trial. The substudy (N initially 592,
N = 114 with HFpEF), with a follow-up period of
about 1.5 years, showed a higher predictive value
of galectin-3 in HFpEF (EF>40%) for rehospitaliza-
tion and death compared with HFrEF.53

GALECTIN-3 LEVELS IN SYSTEMIC DISORDERS

Although galectin-3 is used as a biomarker in
HF, it seems to be neither a cardiac-specific
biomarker nor a cardiac-specific protein. Varia-
tions of galectin-3 plasma levels depend on
comorbidities, as shown in Fig. 3. Healthy indi-
viduals have the lowest baseline galectin-3
levels®®; although galectin-3 levels increase in
CHF® and ADHF,* the highest increases are
observed in patients with end-stage kidney dis-
ease.”” Increased galectin-3 levels are also
observed in pulmonary conditions such as pneu-
monia and chronic obstructive pulmonary dis-
ease.®”%” Very high galectin-3 levels are
observed in sepsis.®®%°

In otherwise healthy patients with HF, the FDA
approved a plasma galectin-3 cutoff value of
17.8 ng/mL.°®> Correcting galectin-3 values for
comorbidities/covariates or different circumstances
is complex and clinicians have yet to understand the
specific covariates. Although the predictive value of
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Fig. 3. Variation of galectin-3 levels in systemic dis-
eases and in the general population. COPD, chronic
obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate.

galectin-3 in patients with HF diminishes signifi-
cantly after adjustment for renal function,>®
increased galectin-3 levels in patients with severe
renal insufficiency independently predicted cardio-
vascular end points, infections, as well as all-
cause mortality.>” A minimal influence of diabetes
mellitus on the predictive power of certain HF bio-
markers, such as galectin-3, NT-proBNP, and hs-
TNT, was found.”® Diabetes was shown to influence
the predictive value of ST2, because increased ST2
values were associated with an increased risk of HF
in nondiabetic patients.”®

RELATION BETWEEN SERUM GALECTIN-3
AND MYOCARDIAL GALECTIN-3 EXPRESSION

There are contradicting results concerning the direct
relationship of plasma galectin-3 levels, myocardial
galectin-3 expression, and myocardial fibrosis.

The relationship between plasma and myocar-
dial galectin-3 values was evaluated in a canine
model, which showed a direct relationship in a
model of pressure overload.®' Anin vitro cell model
also visualized an increase in galectin-3 level
following stretch of cardiomyocytes,®' suggesting
that the heart can also be a source of this protein.

In a study involving 150 participants, a
direct relationship between increased plasma
galectin-3 (>14.6 ng/mL) and the amount of
myocardial fibrosis could also be detected when
imaging was done with contrast-enhanced cardiac
MRI in patients with nonischemic dilated
cardiomyopathy.””

Correlation of plasma and myocardial galectin-3
as a marker in nonischemic, noninflammatory

dilated cardiomyopathy (N = 40) versus inflamma-
tory cardiomyopathy (N = 77) and its predictive
capability in fibrosis was investigated recently.
Galectin-3 levels in the plasma correlated neither
with endomyocardial levels of galectin-3 nor with
cardiac fibrosis in left ventricular biopsies of pa-
tients with the aforementioned types of cardiomy-
opathy. In the same patients, left ventricular
biopsies revealed a direct correlation between
myocardial galectin-3 expression and fibrosis.”

GALECTIN-3 AS A BIOTARGET

New research has highlighted the potential of
modulating the development of cardiac fibrosis by
blocking profibrotic proteins. Galectin-3 has been
shown to be a specific modulator of different inflam-
matory and profibrotic processes in humans; clin-
ical trials on galectin-3 inhibitors in different
disease settings are currently ongoing, and these
include several fibrotic disorders (eg, hepatic, renal,
and pulmonary fibrosis) as well as malignancies (eg,
colorectal cancer), as summarized in Table 5.

The upregulation of galectin-3 in rats prone to
HF was shown to be strongly associated with
decompensated HF.'” Galectin-3 colocalized
with macrophages, and upregulation of galectin-
3 was the result of macrophage activation in heart
tissue.'” In another study, injecting galectin-3 into
the pericardial sac of rats also triggered fibrosis
and resulted in significant cardiac dysfunction.”
Although usually associated with macrophages,
a recent in vitro study also found galectin-3—
expressing cultured cardiomyocytes after activa-
tion by protein kinase C.”* Furthermore,
galectin-3 knockout mice were resistant to angio-
tensin ll-induced pressure overload and did not
develop myocardial fibrosis and left ventricular
dysfunction, compared with wild-type C57BL/6J
mice, and this showed that galectin-3 was a
culprit protein in cardiac fibrosis and HF.”>7¢

Different  carbohydrate-based ligands of
galectin-3, such as N-acetyllactosamine and
modified citrus pectin (MCP), were studied in the
setting of myocardial dysfunction. Treatment with
N-acetyllactosamine, which binds to the CRD of
galectin-3, decreased cardiac fibrosis, preserved
the fractional shortening, reduced left ventricular
end-diastolic pressure, reduced lung weight, and
improved survival in HF-prone rats.”® MCP,
another galectin-3 inhibitor (as well as spironolac-
tone), prevented cardiac dysfunction and hyper-
trophy, inhibited collagen type | synthesis, and
decreased myocardial as well as renal collagen
deposition in aldosterone-treated rats.”” In
addition, TD-139 a thiodigalactoside analogue,
was studied in a phase lla trial for the treatment
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of idiopathic pulmonary fibrosis in the form of an
inhaled powder (NCT02257177). Currently a phase
lIb trial is being designed. Because this compound
is not systemically available, its effects on (pre-
venting) cardiac fibrosis have not been tested.
New systemically available galectin-3-specific
inhibitors need to be developed and investigated.
The possibilities are intriguing if a galectin-3 inhib-
itor with high affinity and a preventive effect on the
development of HF were to be discovered. This
breakthrough could be an opportunity to further
reduce HF hospitalization, especially in patients
with high galectin-3 levels, who, although treated
with angiotensin Il receptor blockers (valsartan),*°
did not show a reduced risk of hospitalization.

SUMMARY

In the last decades, galectin-3 has been intensely
studied, and its role in various cellular and extracel-
lular functions has been established. More recently,
a role for galectin-3 in cardiac tissue remodeling
has been explored. Specifically, galectin-3 plays a
dominant role in cardiac inflammation, and fibrosis.
Because galectin-3 is secreted into the systemic
circulation, its levels can be measured, and its role
as a biomarker was investigated in numerous
studies in healthy subjects, in the elderly, and in pa-
tients with coronary artery disease, hypertension,
renal disease, and HF. In a recent meta-analysis,
galectin-3 was validated as a biomarker with inde-
pendent prognostic value for mortality and HF reho-
spitalization. Currently clinicians lack tools acting on
the increased risk conferred by galectin-3 (or any
other biomarker), the clinical importance is minor.
More promising, therefore in animal models, (ge-
netic) deficiency of galectin-3 results in abolishment
of tissue fibrosis, which was confirmed in numerous
studies of renal, liver, lung, and cardiac fibrosis.
Studies with oral inhibitors recapitulated this, and
therefore the most promising outlook for galectin-3
is as an amenable target for tissue fibrosis. Several
trials are underway with the aim of validating this
concept; if proven useful, the authors predict it will
have a major impact on the treatment of several
multifactorial diseases.
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