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Post-ischemic ventricular dilatation and cardiac remod-
eling refers to the changes in size, shape, structure and 
physiology of the heart after injury to the myocardium. 
Dilated cardiomyopathy from many causes results in a 
change in ventricular geometry, whereby the elliptical 
chamber becomes more spherical. This change in archi-
tecture alters myocardial fiber direction and diminish-
es function; extracellular matrix degradation contrib-
utes to this adverse LV remodeling. The early changes 
of increased spherical configuration lead to impairment 
of ventricular function and may lead to mitral valve re-
gurgitation. Ventricular chamber dilatation and spheri-
cal deformation are important causes of morbidity and 
mortality of patients with congestive heart failure.

The cardiac extracellular matrix consists of a three-
dimensional structural network of interstitial collagens 
to which other matrix components are attached. Col-
lagen deposition is controlled and can be modulated by 
hormonal factors, growth factors, cytokines, regulatory 
proteins and/or hemodynamic factors. Increased colla-
gen deposition is a prerequisite to prevent dilatation of 
the infarcted area. Excessive accumulation of collagen 
leads to ventricular diastolic and systolic dysfunction 
and ultimately contributes to heart failure. An appro-
priate balance of extracellular matrix synthesis and 
degradation is required for normal morphogenesis and 
maintenance of tissue architecture. An unbalance in 
the extracellular matrix turnover either by decreased 
matrix synthesis and/or increased degradation leads to 
cardiac dilatation or even rupture. 

Galectin-3
The current issue of the Revista Argentina de Cardi-
ología published the article « Effect of Galectin-3 Defi-
cit on Ventricular Remodeling Following Coronary Oc-
clusion in Mice” by Wilensky et al (1). The goal of this 
experimental study is to evaluate the role of genetic 
deletion of Gal-3 on early post-MI healing process, ven-
tricular remodeling and function in mice. Importantly, 
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the data set from this study could theoretically shed 
further light on whether galectin-3 levels could be used 
to improve patients’ outcomes in early steps of posti-
schemic heart failure.

Galectin-3 is a biomarker associated with inflam-
mation and fibrosis that predicts adverse outcome and 
relates with extracellular matrix turnover in clinical 
heart failure. Whether galectin-3 is related to LV re-
modeling after acute myocardial infarction is unknown.

Weir et al. published in 2013 a clinical study (2): 
circulating galectin-3 and various extracellular matrix 
biomarkers were measured in 100 patients with acute 
myocardial infarction and LV dysfunction. Relation-
ships among galectin-3, biomarkers, and LV remodeling 
were analyzed according to median baseline LV ejection 
fraction. Results showed that Galectin-3 was positively 
associated with remodeling only in patients with su-
pramedian baseline LV ejection fraction (i.e. >49.2%; 
r=0.40; P=0.01) but not when LV ejection fraction 
was ≤49.2%. In addition Galectin-3 correlated signifi-
cantly with matrix metalloproteinase-3 and monocyte 
chemoattractant protein-1 biomarkers at baseline. In 
conclusion, in this clinical study Galectin-3 correlated 
significantly with certain biomarkers involved in extra-
cellular matrix turnover, although no definite relation-
ship was identified with LV remodeling. Whether Ga-
lectin-3 plays a pathological role in remodeling remains 
unclear but merits further study.

Matrix Metalloproteinases (MMPs)
Matrix metalloproteinases (MMPs) are endopeptidases 
than can cleave all components of the extracellular 
matrix and consequently participate in left ventricle 
remodeling. The expression of metalloproteinase 9 
(MMP9) is implicated in the degradation of extracel-
lular matrix and myocardial remodeling. Extracellular 
matrix (ECM) degrading enzymes expressed after myo-
cardial infarction belong to the families of serine and 
MMPs and are secreted as latent proenzymes that have 
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to be activated. It is crucial to keep the activity of these 
enzymes under tight control by either influencing the 
synthesis, activation or inhibition by tissue inhibitors 
of MMPs (TIMPs) or alpha2-macroglobulin. Regulat-
ing the balance of extracellular matrix remodeling ei-
ther by extracellular matrix synthesis or degradation 
might be one of the possible prevention mechanisms 
for heart failure. 

Levels of MMPs are increased after myocardial in-
farction, and inhibition of MMPs and MMP-null mice 
have demonstrated a direct relationship between 
MMPs and left ventricle remodeling (3, 4). Particularly, 
MMP-9 is a gelatinase importantly upregulated after 
myocardial infarction and its gene deletion attenuates 
left ventricle remodeling (5). Hence, MMP-9 contrib-
utes to adverse left ventricle remodeling post-myocar-
dial infarction. Furthermore, studies of infarct rupture 
in patients have also demonstrated that MMP9 is ex-
pressed by inflammatory cells in the infarcted area (6).

Fibronectin, Integrins, RGD Peptides
The ECM not only connects cells together in tissues, 
but also guides their movement during wound healing 
and embryonic development. One essential component 
of the ECM is the protein fibronectin that assembles 
into fibrils attaching cells to the ECM. Cells bind and 
exert forces on fibronectin through transmembrane re-
ceptor proteins of the integrin family, which mechani-
cally couple the actin cytoskeleton to the ECM via an 
elaborate adhesion complex. Naturally, the binding be-
tween integrin and fibronectin must sustain significant 
force in order to transmit force signals. Fibronectin and 
physical forces linked to the geometry of extracellular 
environments influence the rearrangement of the con-
tractile apparatus. The aspargine-glycine-aspartic acid- 
serine (RGDS) motif of fibronectin has a critical role 
during fetal cardiac development, and might be upreg-
ulated in pathophysiological conditions, such as shear 
stress and after infarction (7).

Management of Adverse Remodeling
Current therapeutic research is focused on investi-
gating the strategy of combining genetic engineering, 
tissue engineering materials, and stem cell transplan-
tation to improve ischemic cardiomyopathy patient 
outcome. Strategies to repair or regenerate injured 
cardiac tissue may offer new hope for the treatment of 
congestive heart failure and play an important role in 
modern cardiology.

Treatment of large chronic heart damage with pos-
sibility of regaining hemodynamic performance should 
consider the following approaches: 1) reduce/remove 
the scar; 2) recover ventricular shape, from spherical 
to conical; and 3) increase the presence of functional 
cardiomyocytes and angiogenesis, to both stop the car-
diac insufficiency and eventually recover function. The 
functional recovery could be a consequence of intrin-
sic and extrinsic processes initiated by the reduction of 
scar size and fibrosis density (regenerative treatment) 
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and the effect promoted by external tissue engineering 
approaches (extrinsic treatment) (8, 9). 

Bioartificial Myocardium & Bioprostheses for ven-
tricular support and myocardial regeneration
Regeneration of the vascular and cardiomyocyte net-
work might be a potential new treatment for heart fail-
ure patients.

The association of stem cells and elastomeric scaf-
folds raises the expectations of achieving the repair of 
the myocardial tissue and avoiding ventricular cham-
ber dilation. Biohybrid patches representing “Bioartifi-
cail Myocardium” could provide a supporting band-aid 
effect, limiting the spread of the infarcted areas and re-
inforcing the ventricular wall to yield stress tolerance 
by a passive girdling effect of the patch and improv-
ing strain distribution along the ventricular wall, while 
reducing cell apoptosis by the paracrine effect of the 
grafted stem cells.

Recently, the RECATABI European Study, http://
www.recatabi.com (REgeneration of CArdiac Tissues 
Assisted by Bioactive Implants) demonstrated the fea-
sibility and safety of Bioartificial Myocardium created 
for the treatment of myocardial infarction (10, 11). Our 
myocardial tissue engineered approach showed benefi-
cial effect in terms of reducing the number of inflam-
matory cells expressing MMP9 and thus, diminishing 
the cardiac remodeling.

Following these studies “Ventricular Support Bio-
prostheses” were designed for left ventricular and/or 
right ventricular support and regeneration, including 
different sizes for partial (patch of) or complete ven-
tricular wrapping, with implant characteristics (me-
chanical, physical, chemical, and biological) adapted 
for the left or right ventricular geometry, physiology, 
and pathology. Ventricular bioprostheses should avoid 
heart transplantation or offer a relatively secure mid- 
to long-term bridge to heart transplant allowing criti-
cally ill patients to significantly improve their quality 
of life while waiting for a heart donor (12).
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