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Introduction
With advances in the treatment of acute myocardial infarction 
(MI), including more timely and complete revascularization, 
survival rates are improving. However, a subset of these patients 
develop ischemic cardiomyopathy as a consequence of progres-
sive cardiac remodeling.1,2 Sudden myocardial tissue injury 
leads to loss of cardiomyocytes and the surrounding microvas-
culature. This triggers a tissue reparative response leading to 
steady deposition of myocardial proteins and fibroblast prolif-
eration in place of the injured cardiomyocytes.3–5 Once acute 
tissue injury is complete, adaptive remodeling occurs in 
response to the insult.3,6 The acclimating ventricles fre-
quently dilate, and the dead cardiomyocytes are progressively 

substituted by collagen fibers and fibroblasts.7 Ultimately, the 
pathophysiologic process of myocardial injury and repair leads 
to the development of ischemic cardiomyopathy and is associ-
ated with long-term adverse outcomes. Early initiation of ther-
apy targeted to the remodeling process can therefore help 
prevent adverse adaptations and loss of myocardial function 
that leads to the development of heart failure (HF). Identifying 
potential mediators of this process will play a key role in devel-
oping therapeutic targets.

A recent consensus statement released by the American 
Heart Association (AHA) recognizes a few HF-associated 
biomarkers, and their serum level measurements can be a 
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ABSTRACT

InTROduCTIOn: Increased galectin-3 is associated with ischemic cardiomyopathy, although its role in early remodeling post-myocardial 
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clinical validation, serum galectin-3 levels were measured in 96 patients with ST-elevation MI. Echocardiographic and angiographic param-
eters of myocardial dysfunction and 3-month composite outcome including mortality, recurrent MI, stroke, and heart failure hospitalization 
were measured.

RESulTS: In the infarct regions of murine models, galectin-3 was a robustly expressed gene. Elevated galectin-3 expression strongly cor-
related with macrophage-mediated genes. Galectin-3 KO mice showed reduced myocardial macrophage infiltration after acute MI. Galec-
tin-3 levels were higher in patients with early systolic dysfunction, and predicted 3-month major adverse cardiovascular events (area under 
the curve [AUC]: 0.917 ± 0.063; P = .001).
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peutic inhibition.
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non-invasive method to gain knowledge about the severity of 
the disease and assist in the diagnosis, prognostication, and 
management of HF.8 These biomarkers comprise natriuretic 
peptides, highly sensitive troponin, soluble suppressor of tumo-
rigenicity 2, mid-regional pro-adrenomedullin, galectin-3, 
cystatin-C, procalcitonin, and interleukin-6. The AHA high-
lights the necessity to further assess these markers for their 
therapeutic significance. Our study focuses on galectin-3, as the 
AHA consensus statement note that patients with chronic 
ambulatory HF and higher levels of galectin-3 are associated 
with mortality, although this association is weaker than other 
biomarkers in the chronic ambulatory HF setting. Prior studies 
have reported galectin-3 as a circulating biomarker of left ven-
tricular (LV) dysfunction and poor outcomes after acute MI.9–14 
However, a study by O’Donoghue15 showed that although there 
were associations between increasing levels of galectin-3 and 
the risk of cardiovascular death or HF, it did not remain a sig-
nificant predictor after adjusting for traditional risk factors in 
contrast to other studied biomarkers.

Galectin-3 is a member of the β-galactoside-binding ani-
mal lectin family, with a specific amino acid sequence able to 
recognize β-galactose.16,17 Galectin-3 is secreted by mac-
rophages and other cells, and stimulates the release of various 
growth factors as well as pro-inflammatory cytokines.18 After 
macrophage activation, cytosolic galectin-3 shifts to the plasma 
membrane where it is released.19 Once released, galectin-3 can 
function as an extracellular cytokine to activate cells by binding 
to its receptors.17 Compared with other pro-fibrotic agents, 
galectin-3 specifically increases the expression of stiff colla-
gens.9 Stiff variants of collagen are non-contractile and con-
tribute to cardiac dysfunction. Although galectin-3 has 
developed rapidly as a biomarker of chronic HF, there are lim-
ited data evaluating the expression of galectin-3 after acute MI.

The functional implications of galectin-3 release after 
ischemic myocardial injury and its relationship with other 
inflammatory and pro-fibrotic mediators of cardiac remodeling 
remain unclear. Due to the complex cellular and neurohumoral 
mechanisms involved in the remodeling process post-MI, it is 
difficult to determine whether galectin-3 is a biomarker of this 
process or a crucial mediator. It is possible that galectin-3 may 
play a key role in the remodeling process post-MI which is 
maladaptive and involves myocardial fibrosis and collagen dep-
osition and, if true, could be a potential target for therapeutic 
inhibition. However, no studies to date have directly demon-
strated its direct role in the remodeling process through process 
of antagonism or over-expression of galectin-3. Studies to bet-
ter define the time course of galectin-3 expression post-MI and 
its relationship with development of myocardial dysfunction 
have been lacking. Correlation of galectin-3 expression with 
histologic changes in myocardial tissue may be best done with 
a translational approach because this would otherwise not be 
practical in patients. In this study, we use 2 pre-clinical models 
and examine serum samples in patients to demonstrate that 

galectin-3 expression is increased after acute MI and is associ-
ated with inflammation and development of myocardial 
dysfunction.

Methods
All pre-clinical procedures and protocols conformed to institu-
tional guidelines for the care and use of animals in research and 
were reviewed and approved by the University at Buffalo 
Institutional Animal Care and Use Committee (IACUC). The 
human studies conformed to the local good clinical research 
practice and institutional review board (IRB) guidelines for the 
protection of human subjects. For human studies, written con-
sent was obtained for the utilization of serum samples for bio-
marker studies, chart review for clinical data extraction, and 
follow-up phone calls. Patient identifiers were securely pro-
cessed using our existing Health Insurance Portability and 
Accountability Act (HIPAA) guidelines.

Murine studies

Animal model. The microarray experiments were performed in 
mice (age 10-12 weeks, N = 24) using our study protocol 
described previously.20 For the real-time polymerase chain reac-
tion (PCR) analysis, a separate subgroup of age-matched 
C57Bl/6 (MI, N = 7; Sham, N = 6) was used. For galectin-3 loss 
of function studies, homozygous galectin-3 knock-out (KO) 
mice and wild-type (WT) controls were purchased from Jack-
son Laboratory and subjected to acute MI induction (C57Bl/6 
background, MI, N = 6; Sham, N = 6). Mice underwent perma-
nent ligation of the left anterior descending (LAD) coronary 
artery producing an infarct in the anterior/anteroseptal walls of 
the LV. Concisely, mice were anesthetized with ketamine (1 mg/
kg intramuscular) and xylazine (5 mg/kg subcutaneous), and 
were intubated to undergo a ligation procedure (6-0 prolene) of 
the left anterior coronary artery. The chest wall was closed with 
5-0 silk sutures, and the mice were left to recover at 30°C. Sham 
surgeries were executed in the same manner, excluding the coro-
nary artery ligation. To minimize discomfort, distress, and keep 
the pain to an absolute minimum, all studies were performed on 
anesthetized animals. Mice were continuously observed during 
procedure and for at least 1 hour into recovery. Euthanasia pro-
cedure conformed to the guidelines from the Panel on Eutha-
nasia of the American Veterinary Medical Association.

Gene expression profile after acute MI. We induced acute MI in 
Swiss mice (aged 10-12 weeks, N = 24) as previously described.20 
We have previously reported cDNA microarray results (Incyte 
mouse GEM-2 cDNA libraries with 9753 reporter genes) that 
showed an increased expression of galectin-3 and other genes 
related to macrophage activity.21

Microarray analyses were performed for 8 time-points to 
identify a comprehensive gene expression profile in both 
remote and infarct myocardial sections. To increase accuracy, 
we included only the reporter spots in which more than 40% of 
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pixels displayed fluorescence greater than 2.5 times the local 
background. The data mining protocol and validation were 
adopted as outlined earlier.22 The Spearman rank-order corre-
lation analysis was performed to measure the strength and 
direction of association between-galectin-3 and other overex-
pressed genes.

RNA isolation and real-time quantitative PCR. We performed 
additional studies on C57Bl6 mice for the quantitative analysis 
of galectin-3 expression 1 week after acute MI. Total RNA was 
isolated from mouse heart using Trizol reagent (Invitrogen 
Life Technologies, Carlsbad, CA, USA) following the manu-
facturer’s protocol. RNA purity (A260/A280 ratio ≥ 1.8) and 
concentration were measured using the NanoDrop. Total RNA 
was stored at −80°C. The RNA was reverse transcribed to 
cDNA using a reverse transcriptase kit (Quick-DNA Mini-
prep Kit; Zymo Research, Irvine, CA). In each quantitative 
polymerase chain reaction (qPCR) reaction, the cDNA equiva-
lent of 5 ng RNA was used. The qPCR reactions contained 
FastStart Universal SYBR Green Master, Rox (Roche Life 
Science, Indianapolis, IN) and the forward and reverse primer 
each at a final concentration of 1 μM). The amplification pro-
tocol consisted of 3 segments: 10 minutes 95°C followed by 40 
cycles of 30 seconds 95°C, 1 minute 58°C, and 1 minute 72°C; 
in segment 3, 1 minute 95°C, 30 seconds 55°C, and 30 seconds 
95°C. The sequences of the primers for real-time PCR are 
shown in supplement (Table S1). The housekeeping gene 
GAPDH was used as the internal control. Relative expression 
of mRNA species was calculated using the comparative thresh-
old (CT) cycle number method. Briefly, for each sample, a dif-
ference in CT values (ΔCT) is calculated for each mRNA by 
taking the mean CT of the duplicate tubes and subtracting the 
mean CT of the duplicate tubes for the reference RNA 
(GAPDH) measured on an aliquot from the same reverse tran-
scription reaction. The ΔCT for the treated sample is then 
subtracted.

Immunohistochemistry and tissue morphometry. Macrophages 
were stained with mouse-specific anti-F4/80 antibody (Abcam, 
#AB6640, Cambridge, MA) that is known to react with murine 
macrophage glycoprotein). Galectin-3 was stained with mouse-
specific anti-galectin-3 antibody (R&D AF1154, Minneapolis, 
MN). Serial sections were subjected to immunohistochemical 
staining with antibodies that detect macrophages (F4/80) and 
galectin-3, using species-matched positive and negative con-
trols. The immunohistochemical studies were performed at 
Roswell Park Cancer Institute (RPCI) pathology resource core 
lab according to the standard manufacturer’s protocols. Investi-
gators blinded to the study groups performed data analysis. For 
tissue morphometry, formalin-fixed paraffin-embedded mice 
hearts were sectioned into 5 μm thickness. These sections were 
stained using the Masson trichrome stain for the detection of 
myocardial fibrosis according to the manufacturer’s protocol. 
To estimate the degree of fibrosis, photomicrographs were 

obtained (Olympus BX45, Center Valley, PA), and the total 
area of fibrosis was quantified using NIH software, ImageJ 
(National Institute of Health; Bethesda, MD, USA).

Human studies

Patient selection. Written informed consent was granted by 96 
patients to partake in an observational prospective study. The 
recruitment was performed from March to November 2016, at 
Buffalo General Medical Center and Gates Vascular Institute, 
Buffalo, NY, USA. Patients who presented with ST-elevation 
myocardial infarction (STEMI) and subsequently underwent 
primary percutaneous intervention (PCI), with the procedure 
performed within 90 minutes after initial medical contact with 
the patient, were eligible for inclusion in the study. Patients with 
malignancies at the time of recruitment or documented history 
of MI or stroke within the preceding 3 months were excluded. 
Ten healthy volunteers were also recruited as controls after pro-
viding informed consent. Institutional review board approval 
for the study protocol was obtained from University at Buffalo.

Serum galectin-3 measurements. For measurement of serum 
galectin-3 levels, serum samples were collected within 12 to 
48 hours from initial presentation. Samples were centrifuged and 
then kept in heparinized test tubes in refrigerators at −800°C 
prior to performing galectin-3 assays. To measure serum galec-
tin-3, a pre-coated galectin-3 specific 96-well strip microplate 
Enzyme-linked Immunosorbent Assays (ELISA) kit (R&D 
Systems; Minneapolis, MN, USA) was used, and optical densi-
ties were analyzed with standard galectin-3 concentrations (at 
ng/mL) based on the manufacturer’s recommendations.

Clinical outcomes. Baseline characteristics, available laboratory 
data, and outcomes were collected by a combination of chart 
review and 3-month follow-up phone interviews. Left ven-
tricular ejection fraction (LVEF) measured by ventriculogra-
phy at the time of PCI was recorded. Echocardiographic 
characteristics including LVEF, grade of diastolic dysfunction, 
E/E′ ratio, left atrial volume index (LAVI), left ventricular wall 
motion score index (LVSI) based on a 17-segment model, and 
percentage of normally functioning myocardium (%FM) were 
obtained from echocardiograms performed for routine clinical 
purposes as part of the patient’s hospitalization. The associa-
tion between galectin-3 levels and baseline characteristics of 
study subjects was analyzed. Comparisons between galectin-3 
levels in study subjects vs controls, and in patients with and 
without adverse outcomes were performed. The primary out-
come measure was the composite endpoint of early major 
adverse cardiovascular events (MACEs), which is defined as 
all-cause mortality, stroke, recurrent MI, and/or hospitalization 
due to congestive heart failure (CHF) within 3 months. The 
secondary outcome measures were (a) cardiovascular death; (b) 
mildly (≤45%), moderately (≤40%), and severely (≤35%) 
reduced LVEF on ventriculography obtained during PCI; (c) 
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echocardiographic variables obtained within 72-hour post-
PCI, including the presence of diastolic dysfunction greater 
than stage 1, elevated E/E′ ratio of ≥15, moderately abnormal 
LAVI >35, LVSI >1.5, and %FM <50; and (d) length of hospi-
talization >48 hours.

Statistical analysis

Regarding microarray studies, we expressed data in densito-
metric units as fold-change over control. The microarray study 
design used a pooled tissue sample (N = 3) for 8 time-points, 
including infarct and remote zones as well as sham controls for 
which mRNA was isolated. A weighted gene pool was assumed 
to be present during hybridization. Group differences were 
analyzed using the Student t-test for normally distributed data. 
For clinical studies, data are expressed as mean ± standard error 
of mean (SEM) and percentage of patients for continuous and 
discrete variables, respectively. A chi-square (χ2) test or Fisher 
exact test was used to compare categorical variables and Mann-
Whitney U or Kruskal-Wallis test was used to compare con-
tinuous variables with skewed distribution. The Spearman 
correlation was used to evaluate the association between 
Galectin-3 and other variables as applicable. Receiver-
operating characteristic (ROC) curve analysis was conducted 
for galectin-3 to predict MACE. All the analyses were per-
formed using SPSS software for Windows, version 23 (SPSS, 

Inc., IL, USA). Statistical significance was set at a 2-sided P 
value of <.05.

Results
Myocardial galectin-3 expression after acute MI 
was robust and dynamic

We identified 9753 genes that were expressed post-MI. 
Expression of galectin-3 was significantly increased along with 
other genes responsible for myocardial inflammation and 
fibrosis in the infarcted region compared with remote (Figure 
1). Only subtle changes in galectin-3 expression were present at 
earlier time-points (2-4 days) in the remote myocardial seg-
ments, whereas infarcted regions showed more robust changes, 
with a peak increase of 7.8-fold at 2 weeks. Due to low specific-
ity of the genomic data, we confirmed post-MI galectin-3 using 
a real-time quantitative PCR. The mice with acute MI  
had 22.5-fold (P < .05) increase of myocardial galectin-3 gene 
expression levels compared with Sham controls (Figure S1).

Time-specif ic Galectin-3 gene expression strongly 
correlated with other mediators of inflammation 
after acute MI

As our prior study demonstrated potential pro-inflammatory 
and fibrotic effects of galectin-3 in vitro, we performed time-
dependent regression analyses to examine whether increased 

Figure 1. Myocardial gene expression of galectin-3 after acute MI in mice. Panel A: Representative Trichrome-labeled section from infarct region. Panel 

B: Similarly stained section from remote region. The data columns represent fold-change of mRNA expression at different time-points of genomic profiling 

after acute MI induction. Panel C: Maximal galectin-3 expression was noted at 7-21 days with a chronic elevation present till 90 days post-MI. N = 3, each 

group; total, 8 time-points. *P < .05, 1-4 days vs 7-21 days; **P < .05, 7-21 days vs 45-90 days. Panel D: The remote region showed minimal and statistically 

non-significant galectin-3 mRNA expression over time. MI indicates myocardial infarction.
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galectin-3 gene expression is associated with other macrophage-
mediated genes (Table 1). Galectin-3 expression strongly cor-
related with other macrophage-specific genes, including 
macrosialin (CD68) and macrophage expressed gene-1 (Mpeg1). 
CD68 encodes a 110-kDa transmembrane glycoprotein that is 
highly expressed by human monocytes and tissue mac-
rophages.23 CD68 expression in macrophages is useful for 
identifying macrophage-specific pathology as opposed to 

lymphocytes or neutrophils. In addition, Mpeg1 is expressed in 
high amounts by murine macrophages. Computer-assisted 
similarity searches indicate that this gene is a novel gene that 
shares ancestry to perforin, a cell lytic protein24 (Table 1).

Homozygous galectin-3 KO mice showed reduced 
myocardial macrophage infiltration after 1 week

To examine whether lack of galectin-3 activity is associated with 
alteration of post-MI myocardial inflammation, we induced 
acute MI in galectin-3 KO mice. First, we confirmed the pheno-
typic characteristics comparing the myocardial galectin-3 posi-
tivity. Wild-type mice showed abundant galectin-3 positive cells; 
KO mice showed no positivity (Figure 2, Panels A1-A4). 
Compared with WT mice with acute MI, there was morpho-
logic evidence of reduced myocardial tissue damage on histology 
in galectin-3 KO mice. Furthermore, galectin-3 KO mice had 
significant reduction of myocardial macrophage infiltration as 
evidenced by reduced F4/80 positivity (Figure 2, Panels B1-B4).

Serum galectin-3 levels after acute MI were 
associated with early LV dysfunction

Of 96 patients, 92 underwent ventriculography at the time of 
PCI and 87 received an echocardiogram during their initial 
hospitalization. Serum levels of galectin-3 were progressively 
higher in patients with mildly (≤45%: 14.22 ± 1.04 vs >45%: 
10.97 ± 0.96, P = .003), moderately (≤40%: 15.43 ± 1.54 vs 

Table 1. Early (1-14 days) galectin-3 gene expression after acute MI in 
relation to other mediators of cardiac inflammation.

CORRELATION WITH 
GalectIn-3 mRNA 
(FOLD-INCREASE OF 
ExPRESSION)

Galectin-3 rs = 1 (P = NA)

Neurohumoral

natriuretic peptide precursor rs = –0.35 (P = .55)

Macrophage-mediated

Macrophage expressed gene 1 rs = 0.90 (P = .03*)

cD68 antigen (macrosialin) rs = 0.98 (P = .001*)

cathepsin S rs = 0.97 (P = .004*)

Abbreviations: MI, myocardial infarction; rs, the Spearman correlation coefficient.
*P < .05.

Figure 2. Post-MI myocardial galectin-3 expression and macrophage infiltration 1 week after LAD ligation. Wild-type mice showed scattered areas of 

galectin-3 positivity (Panel A1), which was absent in the myocardial sections obtained from galectin-3 KO mice (Panel A2). Panel A3 represents isotype 

control for galectin-3 antibody. Panel A4 represents quantitative analysis of Panels A1 and A2 (7 myocardial fields, each group). The macrophage-specific 

F4/80 staining in WT mice showed abundant positively stained cells in the infarct (red arrow) and peri-infarct (blue arrow) regions, especially in the areas 

of excess cardiomyocyte loss (Panel B1). The galectin-3 KO mice showed reduced F4/80 positive cellular infiltration compared with WT mice (Panel B2). 

Panel B3 represents isotype control for mouse F4/80 antibody. Panel B4 represents quantitative analysis of Panels B1 and B2 (12 myocardial fields, each 

group). KO indicates knock-out; LAD, left anterior descending; MI, myocardial infarction; WT, wild-type.
*P < .05.
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>40%: 11.42 ± 0.79, P = .008), and severely (≤35%: 17.30 ± 1.52 
vs >35%: 11.42 ± 0.77, P < .001) reduced LVEF on ventriculo-
gram at the time of PCI (Figure 3). There was a negative cor-
relation between LVEF and serum galectin-3 level (rs: –0.28, 
P = .006). Conversely, galectin-3 levels were not associated with 
elevated left ventricular end-diastolic pressure (LVEDP) dur-
ing cardiac catheterization. Among echocardiographic meas-
ures, galectin-3 levels were found to be significantly higher in 
patients with stage II-IV diastolic dysfunction (P = .043), LVSI 
>1.5 (P = .006), and %FM <50 (P = .047). Comparisons between 
echocardiographic and angiographic measures of myocardial 
dysfunction are summarized in Table 2.

Serum galectin-3 levels at the time of MI were 
associated with adverse cardiovascular outcomes

First, we compared the baseline characteristics of all study patients 
to ascertain no major variability between MACE-positive and 
MACE-negative patients (Table 3). Compared with healthy 
controls, STEMI patients had significantly higher levels of 
circulating galectin-3 (ng/mL; healthy: 5.49 ± 0.46 vs MI: 
13.14 ± 0.92, P < .001). Compared with MACE-negative 

patients, MACE-positive patients had significantly higher lev-
els of serum galectin-3 (ng/mL, MACE negative: 11.71 ± 0.69 
vs MACE positive: 25.42 ± 5.22, P < .001) (Figure 3). 
Comparison of circulating brain natriuretic peptide (BNP) (pg/
mL, MACE negative: 178.39 ± 62.05 vs MACE positive: 
470.17 ± 198.01, P = .013) also showed similar results. Compared 
with serum troponin and BNP levels, ROC curve analysis 
showed that galectin-3 had the greatest area under the curve 
(AUC) for predicting the development of MACE (0.917 ± 0.063, 
95% CI: 0.794-1.0; P = .001) (Figure 4). Ten of the 96 STEMI 
patients were MACE positive; 5 of them were from cardiovas-
cular death, 1 stroke, 3 MIs, and 1 CHF hospitalization. Patients 
who had cardiovascular mortality had the highest average level 
of galectin-3 among MACE-positive patients, with a signifi-
cant difference compared with patients without cardiovascular 
mortality (ng/mL, non-cardiovascular: 12.17 ± 0.69 vs cardio-
vascular: 31.49 ± 9.96, P = .004).

Major adverse cardiovascular event–positive patients also 
had significantly higher length of hospital stay compared with 
MACE-negative patients (days, MACE negative: 
89.78 ± 14.24 vs MACE positive: 145.30 ± 45.41, P = .029). 
Furthermore, galectin-3 levels were higher in patients who 
were hospitalized for >48 hours (ng/mL, ≤48 hours: 
11.15 ± 1.26 vs >48 hours: 14.45 ± 1.25, P = .013). Total length 
of hospital stay showed significant correlations with other 
variables, including galectin-3 (rs: 0.314, P = .002), BNP  
(rs 0.454, P = .002), peak troponin (rs: 0.341, P = .01), LVEF  
(rs: –0.297, P = .004), E-e’ ratio (rs: 0.229, P = .041), LVSI  
(rs: 0.011, P = .273), and age (rs: 0.352, P < .001). Galectin-3 
levels were also higher in patients with a history of hyperten-
sion (HTN; P = .017), and in female patients (P = .027) (Table 
S2).

Given that the sampling time was not consistent, ranging 
between 12 and 48 hours from initial presentation, we per-
formed a correlation analysis of galectin-3 level and sampling 
time. Galectin-3 level was weakly correlated with sampling 
time (rs: 0.25, P = .014). However, this is unlikely to be a con-
founding variable given that patients in MACE– versus 
MACE+ groups had no significant difference between their 
average sampling time (28.67 ± 0.89 hours vs 26.70 ± 2.56 hours, 
P = .532). This is also true for patients with LVEF ≤40% ver-
sus >40% (29.14 ± 1.96 hours vs 28.10 ± 0.97 hours, P = .797) 
and LVEF ≤35% versus >35% (29.23 ± 2.79 hours vs 
28.07 ± 0.94 hours, P = .938).

Discussion
The mechanisms of progressive myocardial remodeling and loss 
of cardiac function following acute MI have not been fully elu-
cidated. Acute MI per se is the main trigger; however, subse-
quent inflammation and fibrosis also contribute to the 
development of myocardial dysfunction.3,7,25,26 Our prior stud-
ies have identified the effects of macrophage activation, galec-
tin-3 expression, and collagen deposition during the transition 

Figure 3. Comparison of serum galectin-3 level in healthy controls vs 

STEMI patients with either MACE-positive or MACE-negative outcome 

(Panel A) and in STEMI patients with reduced ejection fraction on 

ventriculogram (Panel B). Data are expressed as mean ± SEM. *P < .05 

compared with control (Panel A); #P < .05 compared with MACE (Panel A); 
†P < .05 (Panel B). HF indicates heart failure; MACE, major adverse 

cardiovascular events defined as composite outcome of mortality, 

recurrent MI, stroke, and congestive HF hospitalization. MI, myocardial 

infarction; SEM, standard error of mean; STEMI, ST-elevation myocardial 

infarction.
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from the compensated state to HF.9 Whether galectin-3 is a 
silent bystander or a crucial mediator of HF is unclear. Although 
some clinical studies have demonstrated a strong association of 
elevated circulating galectin-3 levels with adverse outcomes in 
HF, coronary artery disease, and acute coronary syndrome,10–14 
studies evaluating time and tissue-specific galectin-3 expression 
immediately following acute ischemic myocardial injury have 
been lacking. Perea and associates investigated the utility of 
galectin-3 for predicting post-infarct remodeling based on 
extracellular volume fraction mapping obtained by cardiac mag-
netic resonance imaging (MRI).27 Although this study demon-
strated the relationship between galectin-3 and remote 
myocardial remodeling at 6 months, it did not provide conclu-
sive evidence on whether galectin-3 was expressed after MI and 
its potential involvement in stimulating cardiac remodeling.

Justif ication of a translation approach

There are several potential challenges in translating pre-clinical 
findings to clinical research. First, rodents tolerate much larger 
MIs than what a human can survive. At the same time, remod-
eling in humans is altered by pharmacologic therapy and early 
reperfusion when compared with untreated animal models. 
This translational study uses both pre-clinical animal models 

and patient data to validate the relationship of galectin-3 with 
subsequent loss of myocardial function and adverse cardiovas-
cular outcomes after MI.

Galectin-3 expression is expressed very early after 
acute MI and associated with regional and global 
LV dysfunction

Patients with reduced LVEF on ventriculography had higher 
levels of serum galectin-3 obtained within 48 hours of presen-
tation. This is the first study to date to measure and correlate 
galectin-3 levels with LVEF this early after MI. This may 
indicate a very early role of galectin-3 in the myocardial 
response to ischemic injury. However, although a negative cor-
relation between galectin-3 levels and LVEF was found, a 
direct causation for myocardial dysfunction cannot be implied 
at this point, as other factors contributing to a temporarily 
stunned myocardium may be playing a role. Di Tano and asso-
ciates investigated the utility of galectin-3 in predicting LV 
remodeling (defined as a ≥15% increase in LV end-systolic 
volume) 48 hours after admission for MI, at 1 and 6 months.28 
Higher baseline galectin-3 was associated to an increased risk 
of LV remodeling. Furthermore, patients with persistently 
elevated galectin-3 had worse outcomes, supporting a 

Table 2. Comparison of early outcomes including length of hospitalization and early echocardiographic (<72 hours) and angiographic (at time of 
PCI) parameters of myocardial dysfunction in STEMI patients in relation to galectin-3 level.

EARLY OUTCOMES N SERUM gALECTIN-3 LEvELS P vALUE

LvEF, % ≤35% 15 17.30 ± 1.52 <.001

>35% 77 11.42 ± 0.77

LvEDP, mm Hg ≤20 mm Hg 39 12.04 ± 0.99 .962

>20 mm Hg 40 12.76 ± 1.32

Diastolic dysfunction ≤Stage I 78 12.27 ± 0.78 .043

>Stage I 6 17.31 ± 2.49

LAvI, mL/m2 ≤35 76 13.41 ± 1.11 .446

>35 8 14.19 ± 2.27

E/E′ ratio <15 70 12.53 ± 0.88 .195

≥15 10 14.65 ± 1.95

LvSI ≤1.5 67 12.74 ± 1.21 .006

>1.5 18 16.40 ± 1.47

%FM <50 8 17.91 ± 2.15 .018

≥50 77 13.06 ± 1.09

Length of hospitalization (hours) ≤48 38 11.15 ± 1.26 .013

>48 58 14.45 ± 1.25

Abbreviations: %FM, percentage of normally functioning myocardium; LAvI, left atrial volume index; LvEDP, left ventricular end-diastolic pressure (on ventriculogram); 
LvEF, left ventricular ejection fraction (on ventriculogram); LvSI, left ventricular score index; PCI, percutaneous intervention; STEMI, ST-elevation myocardial infarction.
Results are expressed as percentage, or mean ± SEM.
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potential causal effect between galectin-3 and reduced LVEF. 
Although LVEF is a central indicator of cardiac function in 
ischemic heart disease, evaluation of regional function using 

alternate quantitative methods such as LVSI is also relevant. 
LVSI is of high prognostic value as it has been shown to 
predict mortality.29,30 In our study, patients with elevated 

Table 3. Demographic characteristics of STEMI patients and comparison between patients with and without MACE.

ALL PATIENTS (N = 96) MACE NEgATIvE (N = 86) MACE POSITIvE (N = 10)

Baseline characteristics

 Age, years 61.79 ± 1.33 61.31 ± 1.41 65.90 ± 4.14

 Male sex, % 65.6 67.4 50

 White, % 93.8 93 100

Medications used at baseline

 ASA, % 27.1 27.9 20

 Statin, % 31.3 32.6 20

 Beta blocker, % 26 27.9 10

 ACEi, % 27.1 26.7 30

 Diuretic, % 6.3  5.8 10

Risk factors

 HTN, % 49 46.5 70

 DM, % 26 23.3 50

 Smoking, % 67.7 67.4 70

 Prior CHF, %  5.2  4.7 10

 Prior MI, % 15.6 16.3 10

Labs

 HbA1c, % 6.49 ± 0.23 6.32 ± 0.21 8.0 ± 1.18

 LDL, mg/dL 114.84 ± 5.03 114.58 ± 5.18 117.29 ± 20.56

 BNP, pg/mL 218.18 ± 60.96 178.39 ± 62.05 470.17 ± 198.01*

 CK, U/L 891.01 ± 74.68 863.48 ± 74.41 1100.20 ± 311.28

 CK-MB, ng/mL 54.35 ± 5.44 52.81 ± 5.34 67.63 ± 25.97

 Peak troponin, ng/mL 92.65 ± 10.77 86.45 ± 11.01 145.99 ± 39.45

 Serum galectin-3, ng/mL 13.144 ± 0.920 11.716 ± 0.692 25.427 ± 5.224 *

Left ventricular functional parameters

 LvEF post-MI, % 49.01 ± 1.35 49.50 ± 1.37 43.88 ± 5.98

 LvEDP, mm Hg 22.77 ± 0.949 22.37 ± 1.02 23.44 ± 3.45

 E/E′ 9.63 ± 0.44 9.19 ± 0.41 13.07 ± 1.92*

 LAvI, mL/m2 22.88 ± 0.95 22.85 ± 0.97 23.11 ± 3.65

 LvSI 1.34 ± 0.04 1.29 ± 0.31 1.67 ± 0.18

 %FM 73.09 ± 2.58 75.59 ± 2.34 54.50 ± 12.08

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ASA, aspirin; BNP, brain natriuretic peptide; CHF, congestive heart failure, CK, creatine kinase; DM, 
diabetes mellitus; %FM, percentage of normally functioning myocardium; HbA1c, hemoglobin A1c; HF, heart failure; HTN, hypertension; LDL, low density lipoprotein; 
MACE: major adverse cardiovascular event, defined as composite outcome of mortality, recurrent MI, stroke, and congestive HF hospitalization; MI, myocardial infarction; 
LAvI, left atrial volume index; LvEDP, left ventricular end-diastolic pressure (on ventriculogram); LvEF, left ventricular ejection fraction (on ventriculogram); LvSI, left 
ventricular score index; STEMI, ST-elevation myocardial infarction.
Results are expressed as percentage, or mean ± SEM.
*P < .05 vs MACE negative.
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LVSI, which is related to the extent and/or severity of wall 
motion abnormality, had higher levels of circulating galec-
tin-3. Similarly, %FM, which measures the extent of myocar-
dial dysfunction, was also associated with higher galectin-3 
levels. Other studied early parameters of myocardial dysfunc-
tion included post-MI LVEDP,31 LAVI, diastolic dysfunction 
stage, and E/E′ ratio.32 Only diastolic dysfunction >stage I was 
shown to be associated with higher serum galectin-3 levels. 
However, this was not supported with other parameters of 
diastolic dysfunction such as E/E′ ratio or LVEDP.

Inflammation after MI: virtuous intentions, 
malign consequences?

Our results show that galectin-3 is associated with inflamma-
tion at a very early stage after acute MI. A similar expression 
profile was also noted for other inflammatory mediators, 
including macrophage-associated genes. Although some 
degree of inflammation is expected in the healing phase after 
acute MI, our study shows sustained activity of such mediators 
over a prolonged period of time. Such effects, although initially 
beneficial, may contribute to the development of myocardial 
dysfunction.25,33–35 Persistent inflammation through mac-
rophage migration is also associated with vascular lesion for-
mation via production of inflammatory cytokines and growth 
factors.36,37 Our studies show morphologic evidence of reduced 
myocardial tissue damage on histology in galectin-3 KO mice 
and the significant reduction of myocardial macrophage infil-
tration as evidenced by reduced CD68 positivity in KO mice. 

Although 1-week post-MI model may not fully examine the 
chronic myocardial remodeling, such model will provide crucial 
information on early myocardial damage, inflammation, and 
macrophage activity.

Galectin-3 increase in relation to major 
cardiovascular outcomes

Serum galectin-3 levels were also found to be significantly 
higher in patients with adverse cardiovascular outcomes at 
3 months. Compared with known biomarkers (eg, troponin and 
BNP), galectin-3 was found to have the strongest predictive 
value for MACE based on ROC analysis. Among early clinical 
outcomes, our study is the first to show that patients who were 
hospitalized >48 hours also had significantly higher serum 
galectin-3 levels than those with shorter lengths of stay. 
Although other baseline variables and co-morbidities might 
have contributed to prolonged hospitalization, galectin-3 is 
likely to identify a sicker patient population at higher risk of 
poor outcome following MI.

Therapeutic implications of galectin-3 expression

A time-dependent serial genomic evaluation of more than 
9000 unique genes identified galectin-3 as a robustly overex-
pressed protein after acute MI. In line with our prior study 
performed in a hypertensive rodent model of HF,9 gene 
expression profiling post-MI showed a strong association of 
expression of galectin-3 with other genes implicated in 
inflammation and loss of function. Galectin-3 expression may 
modulate ongoing inflammation through macrophage-
derived cytokine mediators that may be the harbingers of 
adverse myocardial remodeling. One can hypothesize that 
blocking the expression or activity of galectin-3 could have 
therapeutic implications in preventing myocardial inflamma-
tion, adverse LV remodeling, and progressive LV dysfunction 
post-MI. However, further studies are needed to directly 
prove this hypothesis.

Clinical implications and translational outlook

The data presented in this study support the ability of galec-
tin-3 expression to identify patients at higher risk of adverse 
cardiovascular outcomes and those who are likely to go on to 
have progressive LV dysfunction. The current study also 
explores a potential pathologic role of galectin-3 in stimulating 
myocardial inflammation that is involved with LV dysfunction. 
This work serves to underscore the need for therapeutic 
approaches that may halt the development of ischemic cardio-
myopathy early in the process, and identifies galectin-3 as a 
potential target for such therapy. A better understanding of the 
molecular mechanisms underlying the dynamic expression of 
galectin-3 and the therapeutic potential by blocking galectin-3 
is needed.

Figure 4. Receiver-operating characteristic curve showing prediction of 

positive MACE outcome with galectin-3 compared with peak troponin 

and BNP. Area under the curve for galectin-3 is 0.914 (CI: 0.789-1.0; 

P < .05), BNP is 0.847 (CI: 0.709-0.985; P < .05), and peak troponin is 

0.554 (CI: 0.258-0.851; P = .674). BNP indicates brain natriuretic 

peptide; CI, confidence interval; MACE, major adverse cardiovascular 

event.
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