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Galectin-3 is essential for early wound healing and ventricular
remodeling after myocardial infarction in mice☆,☆☆
Germán E. González a,c,1, Pablo Cassaglia a,c,1, Sofía Noli Truant b, Marisa M. Fernández b, Luciana Wilensky a,c,
Verónica Volberg a, Emilio L. Malchiodi b, Celina Morales a,c, Ricardo J. Gelpi a,c,⁎
a Instituto de Fisiopatología Cardiovascular (INFICA), Departamento de Patología, Facultad de Medicina, Universidad de Buenos Aires, Argentina
b Cátedra de Inmunología and Instituto de Estudios de la Inmunidad Humoral (IDEHU), CONICET-UBA, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Buenos Aires, Argentina
c Instituto de Bioquímica y Medicina Molecular (IBIMOL), UBA-CONICET, Departamento de Patología, Facultad de Medicina, Universidad de Buenos Aires, Buenos Aires, Argentina
☆ All authors take responsibility for all aspects of the re
of the data presented and their discussed interpretation.
☆☆ This work was supported by grants from the Unive
B069, RJG and UBACYT 20020120200031, GEG) and the
and Technological Research (CONICET, PIP 11/0197, RJG).

⁎ Corresponding author at: Instituto de Fisiopatología
de Patología, Facultad de Medicina, Universidad de Buen
Floor, Buenos Aires, Argentina. Tel.: +54 11 4962 4945.

E-mail address: rgelpi@fmed.uba.ar (R.J. Gelpi).
1 Both authors contributed equally to this work.

http://dx.doi.org/10.1016/j.ijcard.2014.08.011
0167-5273/© 2014 Elsevier Ireland Ltd. All rights reserved
a r t i c l e i n f o
Article history:

Received 11 July 2014
Accepted 2 August 2014
Available online 8 August 2014

Keywords:
Myocardial infarction
Ventricular remodeling
Galectin-3
Healing

that the infusion of Ang II increases the cardiac expression of Gal-3, sug-
gesting that the pro-inflammatory effect of Ang II may be partially medi-
ated by Gal-3. It has also been demonstrated that Gal-3 stimulates
myocardial infiltration and phagocytic activity of active macrophages,
and causes myocarditis, fibrosis and ventricular dysfunction [5,6]. During
the last few years, plasma levels of Gal-3were proposed as a strong prog-
nostic marker of cardiac failure [7] and Mayr et al. recently showed that
those levels correlated to the size of the MI in patients [8]. In rats with
MI, Gal-3 reached its highest level of expression in the MI area after
7 days of evolution [9] suggesting that it could stimulate the post MI re-
Healing aftermyocardial infarction (MI) is a well-orchestrated time-
dependent process that involves inflammation, tissue repair with pro-
gressive extracellular collagenmatrix (ECM) deposition and scar forma-
tion. This scar should provide adequate tensile strength to prevent
expansion, subsequent ventricular dilation [1], adverse ventricular
remodeling (VR) and dysfunction [2]. Conversely, a defect in the healing
process or an increase in the infarct size and parietal stress are major
determinants to enhance the expansion and risk of adverse clinical out-
comes, failure and death. Therefore, the idea tomodify such an inflamma-
tory process in order to revert the unfavorable course of VR postMI is still
under debate [3,4]. Galectin-3 (Gal-3) is a β-galactoside-binding lectin
widely expressed in the immune system. Classically, macrophages have
been considered as themain source of Gal-3 [5]. Previous studies asserted
that this lectin is up-regulated under different pathological conditions
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and stimulates inflammation and fibrosis [5,6]. Studies in-vivo showed

pair process. However, whether Gal-3 contributes or affects the well-
orchestrated healing process after MI is not known. We hypothesize
that the lack of Gal-3 prevents macrophage infiltration at the onset of
the healing process, decreases the collagen deposition, and contributes
to the adverse remodeling development after MI in mice. Accordingly,
the aim was to study the role of the genetic deletion of Gal-3 on macro-
phage infiltration and fibrosis, as well as on infarct size, early remodeling
and ventricular function in mice with permanent coronary ligature.

Adult male C57 and Gal-3 KO mice were subjected to permanent
coronary artery ligature or Sham. Four experimental groups were
performed: 1) C57 Sham; 2) Gal-3 KO Sham; 3) C57 with MI and 4)
Gal-3 KO with MI. After 7 days echocardiography was performed in
anesthetized animals (Avertin; 1.15 ml/kg). LV end-diastolic diameter
(LVEDD) and end-systolic diameter (LVESD) were measured, and the
ejection fraction (EF) and the shortening fraction (SF) were calculated
as well. Euthanasia was then performed and body, heart and lung
weights (BW, HW and LW respectively) were recorded. The hearts
were fixed in formalin, cut from apex to base into transversal slices
and stained with Masson's Trichrome and Picrosirius Red to measure
the MI size (%) and fibrosis (%) respectively. We also quantified F4/
80+ macrophages in the MI area by flow cytometry. All experiments
were approved by the Institutional Committee for Animal Care and
Use of the University of Buenos Aires (CICUAL) and conducted in accor-
dance with existing guidelines on the care and use of laboratory ani-
mals. During the first week, 32.0% of the C57 and 44.4% of the Gal-3
KO animals died after permanent ligature of the coronary artery (P =
NS). Mortality was due mainly to ventricular rupture, observed during
autopsy by the presence of thoracic hemorrhage. Thus, although
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mortality did not reach statistical difference, there was a clear tendency
formortality to be higher in Gal-3 KOmice. After 7 days of evolution, the
HW/BWratio (mg/g)was of 4.9±0.1, 4.7±0.1 and 5.4±0.2 in the C57
Sham, Gal-3 KO Sham and C57 with MI groups respectively (P = NS),
whereas this index was increased to 6.2 ± 0.3 in the Gal-3 KO MI
(P b 0.02 C57 Sham and C57MI vs.Gal-3 KOMI, respectively). Similarly,
lung congestion as evaluated by LW/BW ratio (mg/g) was of 5.9 ± 0.3,
6.2 ± 0.1 and 6.2 ± 0.2 in C57 Sham, Gal-3 KO MI and C57 MI groups,
respectively (P = NS), but it was increased to 10.0 ± 1.1 in the Gal-3
KO MI group (P b 0.04 C57-Sham and C57-MI vs. Gal-3 KO-MI). Taking
these results all together suggest that genetic deletion of Gal-3
increases mortality, myocardial hypertrophy and pulmonary conges-
tion at the acute stage of MI. The size of MI was significantly increased
in Gal-3 KO animals (P b 0.002 C57-MI vs. Gal-3 KO-MI; Fig. 1A) but
the genetic deletion of Gal-3 significantly reduced themacrophage infil-
tration and the fibrosis in theMI area (P b 0.001 C57MI vs.Gal-3 KOMI;
Fig. 1 B and C). This would suggest that Gal-3 participates in the MI
initial stage repairing process regulating the macrophage infiltration
and the fibrosis of the MI area. The lack of Gal-3 was also associated
with increased adverse remodeling, evidenced by the increased
ventricular dilation, evaluated by the LVEDD and the LVESD that were
4.4±0.1mmand 3.5±0.1mm in the C57-MI group and they increased
to 4.8 ± 0.2 mm and 4.1 ± 0.2 mm in the Gal-3 KO MI group
(LVEDD: P b 0.05 Gal-3 KO MI vs. C57-MI and; LVESD: P b 0.01 C57
MI and Gal-3 KO MI vs. C57 Sham and, P b 0.02 Gal-3 KO MI vs. C57
ig. 1.A:MI size quantification by planimetry after 7 days post ligation of the left coronary artery. The deficit of Gal-3 increased theMI size. At the upper left panel, 2 representative images
f a midventricular section, stained with Masson's Trichrome (20×) are shown, where we can clearly appreciate a greater infarct expansion, thinning and ventricular dilation. B: Quan-
fication of fibrosis in the sections stained with Picrosirius Red, corresponding to the MI area (upper right panel; 200×); the Gal-3 deficit significantly reduced the fibrosis at the infarct
one after 7 days of evolution. C: Quantification of F4/80+macrophages by flow cytometry. The Gal-3 deficit reduced themacrophage infiltration in theMI area after 7 days of evolution.
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MI; Fig. 2). These results were subsequently verified during autopsy,
where it was confirmed that the hearts of the Gal-3 KO animals with
MI were macroscopically more dilated in comparison to those of the
C57 MI hearts. At the same time, the MI produced a decrease of the
EF from 71 ± 5% to 47 ± 2% and of the SF from 35 ± 4% to 20 ±
1% in the C57 Sham and C57-MI groups, respectively (P b 0.001 C57
MI vs. C57 Sham; Fig. 2). This reduction was even higher in the Gal-
3 KO MI group (37 ± 3% and 15 ± 2%, for EF and SF respectively)
(P b 0.02 Gal-3 KO MI vs. C57 MI; Fig. 2). These results provide evi-
dence that the genetic deletion of Gal-3, produces an adverse effect
not only on MI and early remodeling, but also on the ventricular
function at 7 days post-MI. Summarizing, our data shows for the
first time, that the genetic deletion of Gal-3 increases the MI size,
and prevents collagen deposition and macrophage infiltration in the
MI area. It also aggravates the adverse remodeling and ventricular
dysfunction, consequently accelerating the development of cardiac
failure. Thus, our results strongly suggest that Gal-3 is an essential
factor for the onset and development of the healing and fibrogenic
process of the MI area, as well as the remodeling and the ventricular
function in the first week of MI evolution. These results emphasize
the previous findings of our group showing that an intervention
which attenuates the initial healing process in MI could be counter-
productive for the natural evolution of VR [10]. New experimental
studies on the intrinsic mechanisms regulated by Gal-3 during the
healing process of the MI, and how these could contribute to the



Fig. 2. Evaluation of remodeling and ventricular function by echocardiography after 7 days post-MI. InmicewithMI, the deficit of Gal-3 increased the ventricular dilation, evaluated by the
end diastolic diameter (LVEDD, left upper panel) and the end systolic diameter (LVESD, left lower panel), respectively. The aforementioned dilationwas accompanied by a decreased ejec-
tion fraction (EF, right upper panel) and the shortening fraction (SF: right lower panel). *: P b 0.01 C57 MI and Gal-3 KOMI vs. C57 Sham; #: P b 0.05 C57 MI vs. Gal-3 KOMI. Number of
animals between brackets.
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global remodeling, would allow us to comprehend in greater detail
the role of Gal-3 in MI pathophysiology and the progression to CF.

Conflict of interest

The authors report no relationships that could be construed as a con-
flict of interest.

References

[1] Nahrendorf M, Pittet MJ, Swirski FK. Monocytes: protagonists of infarct inflamma-
tion and repair after myocardial infarction. Circulation 2010;121:2437–45.

[2] Opie LH, Commerford PJ, Gersh BJ, Pfeffer MA. Controversies in ventricular remodel-
ling. Lancet 2006;367(9507):356–67.

[3] Christia P, Frangogiannis NG. Targeting inflammatory pathways in myocardial
infarction. Eur J Clin Invest 2013;43(9):986–95.
[4] Anzai T. Post-infarction inflammation and left ventricular remodeling—a double-
edged sword. Circ J 2013;77(3):580–7.

[5] Sharma UC, Pokharel S, van Brakel TJ, et al. Galectin-3 marks activated macrophages
in failure-prone hypertrophied hearts and contributes to cardiac dysfunction. Circu-
lation 2004;110:3121–8.

[6] Liu YH, D'Ambrosio M, Liao T-D, et al. N-acetyl-seryl-aspartyl-lysyl-proline prevents
cardiac remodeling and dysfunction induced by galectin-3, a mammalian adhesion/
growth-regulatory lectin. Am J Physiol Heart Circ Physiol 2009;296(2):H404–12.

[7] de Boer RA, Lok DJ, Jaarsma T, et al. Predictive value of plasma galectin-3 levels in
heart failure with reduced and preserved ejection fraction. Ann Med 2011;43(1):
60–8.

[8] Mayr A, Klug G, Mair J, et al. Galectin-3: relation to infarct scar and left ventricular
function after myocardial infarction. Int J Cardiol 2013;163(3):335–7.

[9] Sanchez-Mas J, Lax A, Asensio-Lopez MC, et al. Galectin-3 expression in cardiac
remodeling after myocardial infarction. Int J Cardiol 2014;172(1):e98-101.

[10] González GE, Seropian IM, Krieger ML, et al. Effect of early versus late AT(1) receptor
blockade with losartan on postmyocardial infarction ventricular remodeling in
rabbits. Am J Physiol Heart Circ Physiol 2009;297(1):H375–86.

http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0005
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0005
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0010
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0010
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0015
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0015
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0020
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0020
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0025
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0025
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0025
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0030
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0030
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0030
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0035
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0035
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0035
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0040
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0040
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0045
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0045
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0050
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0050
http://refhub.elsevier.com/S0167-5273(14)01517-4/rf0050
image of Fig.�2

	Galectin-�3 is essential for early wound healing and ventricular remodeling after myocardial infarction in mice
	Conflict of interest
	References


