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Abstract: The acute coronary syndrome (ACS) is a leading cause of death around the globe. Beside a still high 

mortality rate, additional complications of ACS include arrhythmias, left ventricular mural thrombus, cardiac 

fibrosis, heart failure (HF), cardiogenic shock, mitral valve dysfunction, aneurysms, up to cardiac rupture. Despite 

many prognostic tools have been developed over the past decades, efforts are still ongoing to identify reliable and 

predictive biomarkers, which may help predict the prognosis of these patients and especially the risk of HF. Recent 

evidence suggests that the value of a discrete number of biomarkers of myocardial fibrosis, namely the soluble 

form of suppression of tumorigenicity 2 (sST2) and galectin-3 (GAL-3), may be predictive of HF and death in 

patients with ACS. Interestingly, the already promising predictive value of these biomarkers when measured alone 

was shown to be consistently magnified when combined with other and well-established cardiac biomarkers such 

natriuretic peptides and cardiac troponins. This article is hence aimed to review the current knowledge about 

cardiac biomarkers of fibrosis and adverse remodeling.
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Introduction

The acute coronary syndrome (ACS) encompasses a 
spectrum of unstable coronary artery disease, from unstable 
angina to transmural myocardial infarction. Despite 
remarkable progress in diagnosing patients with ACS, the 
identification of myocardial ischemia is still challenging, and 
physicians continue to admit the overwhelming majority of 
patients, often overestimating the likelihood of myocardial 
ischemia in low-risk patients (1). The American College of 
Cardiology and the American Heart Association (ACC/AHA) 
guidelines recommend a model based on the Framingham 
Risk Score using generally similar parameters (2). However, 
these current risk prediction models only provide a rough 
estimate of individual risk. Therefore, great value is posited 
in the identification and development of new biomarkers for 
cardiovascular (CV) risk prediction (3).

Considerable advances in the clinical laboratory testing 
(i.e., cardiac-specific troponin) combined with improvement 
in analytical techniques over the past decade have greatly 
improve the role of clinical biochemistry in the management 
of ACS (4). The use of biomarkers for disease prediction 
and prognosis has demonstrated potential importance for 
identifying groups at higher risk who may benefit from more 
intensive prevention and treatment (5,6). Biomarkers might 
help in risk stratification and may guide the appropriate 
use of resources and therapy. The CV scientists showed 
that improvement of risk prediction requires a thoughtful 
understanding of disease mechanisms. The considerable 
progress achieved in the ‘omics’ field has successfully 
improved the understanding of CVD pathophysiology by 
comprehensively investigating disease states at the molecular 
level (3). As in other human disorders, the identification 
of biomarkers that may help predict the risk of acute 
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coronary disease and related complications is an appealing 
perspective and it may also provide further insights into the 
pathophysiology of this disease for identifying novel targets 
for therapy. The prognostic significance of several clinical 
biomarkers in patients with ACS has been well established, 
and their measurement is now endorsed by the most 
important guidelines and recommendations for diagnosis 
and management of this condition (7). 

Among the var ious  biomarkers ,  cardiospeci f ic 
troponin(s) and natriuretic peptides provide the most useful 
predictive information, meaning that their measurement 
in risk stratification and diagnosis, so that their role in the 
management of ACS is now endorsed by the most influential 
recent guidelines (8). Several biomarkers (see Table 1) have 
been studied in the recent year such as galectin-3 (GAL-3), 
suppression of tumorigenicity 2 (ST-2), growth differentiation 
factor-15 (GDF-15), osteoprotegerin, osteopontin, neopterin, 
adiponectin, matrix metalloproteinase-2 (MMP-2), matrix 
metalloproteinase-8 (MMP-8), matrix metalloproteinase-9 
(MMP-9), interleukin-6 (IL-6), cardiotrophin-1, glycoprotein 
130 (gp130), C-reactive protein (CRP), copeptin, cystatin 

C as well as red blood cell distribution width (RDW) (7). 
However growing research findings outlined the importance 
of the new biomarkers of cardiac fibrosis and adverse 
remodeling such as GAL-3 and ST-2 (5,9).

This article will review current knowledge about new 
clinical laboratory findings in the CV field, especially 
focused on cardiac biomarkers of fibrosis and adverse 
remodeling such as GAL-3, ST-2 and GDF-15.

GAL-3

GAL-3 is an emerging biomarker which has been linked to 
tissue fibrosis, a hallmark in cardiac remodeling and heart 
failure (HF). This biomarker can reliably be measured 
in the circulation, and several recent studies have shown 
its prognostic value in acute and chronic HF, and its 
potential utility in the general population (10). GAL-3 [also 
occasionally referred as Mac-2 or carbohydrate-binding 
protein (CBP)-35] is a 31-kDa member of a growing family 
of lectins that bind β-galactosides by either N-linked 
or O-linked glycosylation through their carbohydrate 
recognition domain (CRD) (11). The CRD sequence 
elements consist typically of about 130 amino acids 
arranged in a tightly folded conserved β-sandwich structure 
formed by a six strand sheet (S1–S6) and a five strand sheet 
(F1–F5), with the conserved carbohydrate-binding amino 
acids in strands S4–S6 (12). Some galectins contain just one 
CRD (galectins 1, 2, 5, 7, 10, 11, 13, 14, 15), others contain 
two homologous CRDs in a single polypeptide chain, 
separated by a linker of up to 70 amino acids, whereas 
GAL-3 contains a non-lectin N-terminal region (about 
120 amino acids) connected to a CRD, often referred to 
as a chimera-like galectin (13). Firstly discovered in 1976, 
15 galectin members have been identified and they have 
been classified into three subgroups depending on their 
structural differences and on the number of CRD within 
their polypeptide chains (14). All the members of this family 
have been numbered according to their order of discovery 
(i.e., from GAL-1 to GAL-15). Galectins form a family of 
structurally related carbohydrate binding proteins (lectins) 
that have been identified in a large variety of metazoan 
phyla. Lectins have been shown to play roles in many 
biological events, such as embryogenesis, adhesion and 
proliferation of cells, apoptosis, mRNA splicing, bacterial 
colonization and modulation of the immune response (15). 
Interestingly, galectins are expressed in vertebrates (fishes, 
amphibians, birds, reptiles and mammals), but they were also 
been found in invertebrates (worms and insects). Galectins 

Table 1 Biochemical prognostic markers for the evaluation and 
management of patients with suspected acute coronary syndrome 
(ACS) (7)

Biomarkers of cardiac fibrosis and adverse remodeling

Galectin-3

Suppression of tumorigenicity 2 (ST2)

Cytokines and growth factors

Growth differentiation factor-15 (GDF-15)

Osteoprotegerin

Osteopontin

Adiponectin

Matrix metalloproteinase-2 (MMP-2)

Matrix metalloproteinase-8 (MMP-8)

Matrix metalloproteinase-9 (MMP-9)

Interleukin-6

Cardiotrophin-1

Glycoprotein 130 (gp130)

C-reactive protein (CRP)

Biomarkers of neurohormonal activation

Copeptin

Extra-cardiac biomarkers

Cystatin C

Red blood cell distribution width (RDW)
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originated more than 800 million years ago and are now 
widely distributed in the animal kingdom, from nematodes 
to vertebrates, conserving their basic molecular properties 
such as specificity and protein architecture (16). Galectins 
are considered to decipher glycocodes. They recognize 
certain sugar structures and have specific activities in given 
circumstances. Glycocodes are extremely different from the 
codes written in either nucleotides or amino acids and have 
hence been poorly understood (17). In 1994 galectins were 
defined as a family of proteins sharing conserved motifs for 
such core sequences, as well as the ability to specifically bind 
galactoside sugars (18). In vertebrates galectins were found 
in a variety of tissues and cells such as skin, muscle, brain, 
intestine, liver, kidney, placenta, cultured fibroblast and many 
tumor cells. A number of observations indicated their possible 
involvement in a variety of important phenomena occurring 
in multicellular animals (i.e., development, differentiation, 
morphogenesis, immunity, apoptosis, etc.) (16).

GAL-3 is the unique chimera-like galectin in the family 
having an extra long and flexible N-terminal domain 
consisting of 100–150 amino acid residues, according 
to species of origin, made up of repetitive sequence of 
nine amino (11). This means that GAL-3 consists of 
carbohydrate recognition and collagen-like domains, which 
makes it able to interact with a wide array of extracellular 
matrix proteins, carbohydrates (e.g., N-acetyllactosamine), 
and unglycosylated molecules, such as cell surface receptors, 
extracellular receptor and glycosylated proteins of the 
matrix, including laminin, fibronectin, and tenascin (11,19). 
GAL-3 has been detected in the cytoplasm, nucleus as well 
as in the extracellular space. There is abundant evidence 
for its secretion from the cytosol via non classical pathways, 
translocation to the nucleus or to other cellular compartments. 
Cytoplasmic GAL-3 has an anti-apoptotic activity, since it 
regulates several signal transduction pathways. Nuclear GAL-3  
has been associated with pre-mRNA splicing and gene 
expression. It is also able to induce like cell growth, adhesion, 
migration, invasion, angiogenesis, immune function, apoptosis 
and endocytosis (11). GAL-3 has been detected in activated 
macrophages, eosinophils, neutrophils, mast cells, the 
epithelium of the gastrointestinal and respiratory tracts, 
the kidneys and some sensory neurons (16). The molecule 
is involved in various biological phenomena including 
cell growth, adhesion, differentiation, angiogenesis and 
apoptosis (20,21). More recently, Salvagno et al. provided 
the first evidence that the serum value of GAL-3 was 
remarkably increased after a 60-km ultramarathon run, 
and it is hence plausible that such a remarkable increase 

of expression and release into circulation may promote a 
deleterious mechanism of fibrosis that may involve both 
skeletal and cardiac muscles (22). 

GAL-3 is also involved in many pathological processes, 
including inflammation, tumor growth, and fibrosis (23). 
Recent research revealed that this protein is associated with 
several steps of invasion and metastasis, like angiogenesis, 
cell-matrix interaction, dissemination through blood 
flow and extravasation (24). GAL-3 is expressed widely in 
epithelial and immune cells and its expression is correlated 
with cancer aggressiveness and metastasis. Moreover, 
enhanced production and release of GAL-3 has been 
demonstrated in a number of inflammatory and fibrotic 
conditions including chronic pancreatitis, cirrhosis and lung 
fibrosis, as well as in patients with HF (25). Convincing 
evidence also suggests that GAL-3 may not be a simple 
bystander, but also a key player in the pathogenesis of 
fibrosis (26). More recently, several authors investigated the 
clinical utility of GAL-3 in CVD. 

Sharma et al. first showed that GAL-3 is overexpressed by 
macrophages at an early stage of myocardium dysfunction, 
even before the onset of HF, and continuous infusion of 
recombinant GAL-3 in mice triggers cardiac fibroblast 
proliferation, collagen deposition, thus ultimately causing 
ventricular dysfunction (27).

Expression of GAL-3 has been detected in several tissues, 
albeit its synthesis is substantially amplified by a number 
of conditions, which also include HF, lung fibrosis, kidney 
disease (22). Interestingly, GAL-3 is not only being used 
as a reliable biomarker of cardiac dysfunction and adverse 
outcomes, but it is also directly implicated in a kaleidoscope 
of biological pathways that contribute to development and 
worsening of HF, thus including myofibroblast proliferation, 
collagen deposition and adverse cardiac remodeling (22).

Several lines of evidence convincingly suggest that the 
measurement of GAL-3 may be helpful in risk assessment of 
cardiac fibrosis and HF, both in the general population (28), 
and in patients with acute myocardial infarction (29).

GAL-3 can be reliably measured in plasma and several 
studies on plasma GAL-3 as a biomarker in HF have hence 
been published (30). Most of these articles focused on the 
role of the protein in HF, revealing that GAL-3 can be 
convincingly associated with mortality in patients with acute 
and chronic HF (30), as well as in the general population (31).

Plaque rupture is thought to develop from intimal 
inflammation leading to weakening of the protective fibrous 
cap. It has been suggested that excessive inflammatory 
responses are pivotal in the initiation and development 
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of premature atherosclerotic lesions. Therefore, systemic 
markers of inflammation might identify individuals at high 
risk for acute coronary events in this patient population (32).  
Accordingly, plasma GAL-3 level has been shown to be 
the best short-term predictor of events in patients with 
HF, which led to incorporation of this measurement in the 
current AHA HF guidelines for risk stratification purposes 
of such patient (33,34). Maiolino et al. also reported that 
GAL-3 may contribute more substantively to plaque 
destabilization than to plaque growth (35). Lippi et al.  
showed that the serum concentration of GAL-3 is virtually 
independent from gender, renal function, serum bilirubin 
and glucose in patients admitted to emergency department 
without evidence of ACS, and seems thereby scarcely 
influenced by many metabolic abnormalities that would 
influence additional biomarker of HF and cardiac fibrosis. 
They could also conclude that a definitive link may exist 
between RDW and GAL-3, so that these biomarkers may 
provide a synergistic information for risk assessment of 
patients with cardiac dysfunction in the emergency room (36). 

Despite a large number of studies designed to assess 
the prognostic role of GAL-3 in patients with established 
HF, there is limited information on its role as a prognostic 
biomarker in acute coronary disease. Winter et al. measured 
GAL-3 in 144 patients, demonstrating that patients with 
myocardial infarction at a very young age (≤40 years) 
display increased circulating levels of this biomarker during 
the acute phase of myocardial infarction (32).

Falcone et al. measured GAL-3 in 125 patients with 
coronary artery disease. They stated that GAL-3 could be a 
useful biomarker of atherosclerotic plaque and in particular 
of its destabilization (37). Gucuk Ipek et al. measured 
GAL-3 in 19 patients with ACS describing that GAL-3 
levels were significantly higher in ACS group than those of 
control group (38). Finally, Singsaas, measuring GAL-3 in 
90 patients, did not find any relationship between GAL-3 
levels and acute ischemic myocardial injury (39). 

ST2

ST2 is an IL-1 receptor family member with transmembrane 
(ST2L) and soluble isoforms (sST2) (40). ST-2 is a novel 
and promising biomarker in the evaluation of prognosis for 
ACS and CV disease (41). Originally identified in 1989 as 
IL-1 receptor family member by two independent research 
group working on stimulated fibroblasts, its downstream 
effects include activation of T-helper type 2 (Th2) cells 
and production of Th2-associated cytokines. Located on 

chromosome 2, the human ST2 gene encodes at least three 
isoforms by alternative promotor splicing, i.e., a membrane 
bound receptor ST2L, a secreted soluble form sST2 and a 
variant form (40).

The blood concentration of sST2 is increased in 
inflammatory and heart diseases, and has emerged as a 
clinically useful prognostic biomarker in patients with CVD, 
and acute dyspnea (7,42). ST2 expression is upregulated after 
myocardial ischemia or mechanical stress, and plays a role 
in cardiac remodeling after ischemic injury, which make it a 
promising prognostic biomarker to predict future clinical HF 
in patients with myocardial ischemia (43). In contrast to its 
limited value as a diagnostic marker in ACS, sST2 seems to 
be an excellent prognostic marker in various cardiac diseases 
such as ST-elevation myocardial infarction (STEMI), non-
ST-elevation myocardial infarction (NSTEMI), coronary 
bypass and heart surgery, stable coronary artery disease, 
valvular disease and cardiomyopathy, acute HF, chronic HF, 
acute cardiac allograft rejection, acute Kawasaki disease (40). 
A role for ST2 in CVD, including ventricular remodeling and 
HF progression, has been suggested by both experimental 
and clinical studies. 

Weinberg et al. were the first who showed increased 
sST2 levels in patients after myocardial infarction, with 
values of this biomarker positively correlating with peak 
creatine kinase (CK) and negatively with left ventricle 
ejection fraction (43). 

Demyanets et al. studied 373 patients, 178 of whom 
with stable angina, 97 with NSTEMI and 98 with STEMI. 
They found that sST2 levels were significantly increased 
in patients with ACS as compared to patients with stable 
coronary artery disease and control individuals without 
significant stenosis on coronary angiography (44). The same 
research group showed that the level of circulating sST2 is 
associated with the stage of coronary artery disease and is 
increased continuously from stable coronary artery disease 
to NSTEMI and STEMI. 

The LURIC study,  a  prospective investigation 
designed to assess biochemical and genetic risk factors for 
coronary artery disease in a hospital-based cohort of white 
individuals, demonstrated that sST2 is an independent 
predictor of long-term all-cause and CVD mortality 
in patients with stable coronary artery disease. In the 
Ludwigshafen risk study (45), Dieplinger et al. noticed that 
sST2 adds prognostic value to the well-established cardiac 
biomarkers such as N-terminal prohormone of brain 
natriuretic peptide (NT-proBNP) and high-sensitivity (hs) 
cardiac troponin T (cTnT). Importantly, they were also 
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able to identify subsets of patients at low, intermediate, and 
high risk for all-cause and CVD mortality by using a simple 
multi-biomarker approach which combined ST-2, NT-
proBNP and hs-cTnT. Finally, patients with sST2 above 
the cut-off value of 24.6 ng/mL at baseline displayed a 2-fold 
increased risk of CV death (45). 

Dhillon et al. measured sST2 in 677 patients admitted 
to the coronary care unit, showing that increased values of 
ST2 were strongly associated with increased mortality at 
30-day, and also revealed that most of this predictive value 
was retained at 1-year and beyond (46). In the same study 
the authors provide evidence that a multi-marker strategy 
combining ST2, NT-proBNP and Global Registry of Acute 
Coronary Event (GRACE) risk score was effective to predict 
mortality at 30-day beyond using either marker alone.

Sabatine et al. measured ST2 at baseline in 1,239 patients 
with STEMI enrolled in the CLopidogrel as Adjunctive 
Reperfusion Therapy-Thrombolysis in Myocardial Infarction 
28 (CLARITY-TIMI 28) trial. They found that an elevated 
value of ST2 was a strong predictor of adverse and CVD death 
or HF up to 30 days. The value of sST2 provided a prognostic 
information that was independent from traditional laboratory 
biomarkers such as NT-proBNP (47).

Kohli measured sST2 in 6,560 patients from the 
Metabolic Efficiency with Ranolazine for Less Ischemia 
in the Non-ST-Elevation ACS Thrombolysis in Myocar-
dial Infarction 36 (MERLIN-TIMI 36) study, a placebo-
controlled trial. It was hence concluded that an increased 
value of sST2 was strongly associated with adverse 
outcomes at 30 days and 1 year. Furthermore, ST2 
improved discrimination of risk for CVD or HF at 30 days 
and 1 year when added to established clinical factors and 
clinical biomarkers such as cardiac troponins and brain 
natriuretic peptide (BNP) (48).

Eggers evaluated sST2 at randomization and after 24, 48, 
and 72 hours in 403 non-ST-elevation ACS (NSTE-ACS) 
patients, demonstrating that sST2 levels were increased in 
these patients and also strongly predictive for mortality at 
1 year after the index event. sST2 were otherwise largely 
independent of CV comorbidities or risk factors including 
age, diabetes or renal function (49).

GDF-15

GDF-15, a 12-kDa secreted protein belonging to the 
transforming growth factor-β (TGF-β) cytokine family, 
is a recently discovered protein that is also involved on 
cardiac hypertrophy and apoptosis (50). TGF-β constitutes 

a superfamily of cytokines that exert prominent functions 
in adult tissue homeostasis and adaptation by regulating 
cell survival, proliferation, and differentiation. In response 
to pathologic or environmental stress, GDF-15 production 
may suddenly increase. Increases or decreases in production 
of TGF-βs have been associated with a number of diseases, 
including neurodegenerative disorders and atherosclerosis (51).  
Several recent data have contributed to raise the interest 
around the use of GDF-15 as a biomarker for diagnosis, 
prognosis, and/or risk stratification of ACS. Under 
physiologic conditions, GDF-15 is expressed in low to 
moderate levels in most healthy tissues. Nevertheless, 
GDF-15 values may increase in response to pathological 
stress associated with inflammation or tissue damage, and 
an overexpression has been found in many malignancies 
including breast, melanoma, colorectal, pancreatic and 
prostate cancer (50-52).

It has been well established that TGF-β inhibits the 
proliferation and migration of smooth-muscle and endothelial 
cells, and low levels of TGF-β are commonplace in patients 
with atherosclerosis (53). As an emerging biomarker, GDF-15  
shows promise because its values were found to be increased 
in early subclinical disease, retaining prognostic utility 
for CVD events and mortality. Previous studies showed 
that GDF-15 predicts adverse outcomes in patients with 
acute chest pain, after myocardial infarction or in patients 
with chronic angina. Increased circulating GDF-15  
concentrations have been associated with an enhanced risk 
of future adverse CVD events in elderly women (54).

Hagström et al. measured GDF-15 in 16,876 patients, 
and showed that GDF-15 is independently associated with 
an increased risk of spontaneous myocardial infarction. 
Moreover, the GDF-15 level in patients with ACS was 
found to be independently associated with an enhanced risk 
of stroke and strongly correlated with an increased risk of 
CVD and total mortality in ACS patients (55).

Dominguez-Rodriguez measured GDF-15 in 502 
patients, demonstrating that increased values of GDF-15 
predicted subsequent CVD events after 2-year of follow-
up. A significant and positive association between the syntax 
score and GDF-15 values was also noticed (56).

Wollert et al. also observed that GDF-15 was a potential 
promising tool for risk stratification and therapeutic 
decision making in patients with NSTE-ACS (57). 

Future perspectives

The leading biomarkers of myocardial fibrosis, namely 
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sST2 and GAL-3 are not only predictive of hospitalization 
and death in patients with ACS but also additive to others 
well-established cardiac biomarkers (i.e., natriuretic peptide 
levels and cardiac troponins) in prognostication of these 
conditions. There is consistent and striking improvement 
in risk stratification when sST2 and BNP are combined. 
Whether routine measurement of ST2 either alone or 
as part of a multimarker strategy can facilitate improved 
management and outcomes in acute coronary disease 
remains unknown and hence requires additional scrutiny. 
A final perspective is indeed represented by proteomics 
studies. A number of separate but often converging 
pathways are implicated in the pathogenesis of acute 
coronary disease, so that future prospective investigations 
specifically aimed at characterizing a fingerprint pattern in 
patients developing ACS will help to identify innovative 
biomarkers and disclose new data about the pathogenesis of 
this challenging pathology (7). 

The recent development of neprilysin inhibitors for the 
treatment of congestive HF deserves a special mention. The 
assessment of different forms of BNP, which substantially 
include the active molecule BNP and the degradation 
fragment NT-proBNP, is now regarded as a mainstay 
for the diagnosis and for monitoring HF. However, the 
predictable introduction into clinical practice of neprilysin 
inhibitors such as LCZ696 has raised important questions 
regarding the reliability of measuring only one between 
BNP and NT-proBNP (58). Since the former biomarker is 
actively degraded by neprilysin but is the active part of the 
molecule, whereas NT-proBNP is resistant from neprilysin 
degradation but does not possess biological activity in vivo, 
emerging evidence attests that the measurement of both 
molecules may be more suited for optimal monitoring 
of HF in patients undergoing treatment with neprilysin 
inhibitors (58).
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