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Cardiac regeneration by pharmacologically active microcarriers releasing
growth factors and/or transporting adipose-derived stem cells
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Abstract

We tested the hypothesis that cardiac regeneration through local
delivery of adipose-derived stem cells (ASCs), activation of resident
cardiac stem cells via growth factors (GFs) [hepatocyte growth factor
(HGF) and insulin-like growth factor 1 (IGF-1):GFs] or both, are
improved by pharmacologically active microcarriers (PAMs) interact-
ing with cells/molecules conveyed on their surface. Rats with one-
month old myocardial infarction were treated with ASCs, ASCs+PAMs,
GF-releasing PAMs, ASCs+GF-releasing PAMs or vehicle. Two weeks
later, hemodynamic function and inducibility of ventricular arrhyth-
mias (VAs) were assessed. Eventually, the hearts were subjected to
anatomical and immunohistochemical analyses. A significant ASCs
engraftment and the largest improvement in cardiac mechanics
occurred in ASC+GF-releasing PAM rats which by contrast were more
vulnerable to VAs. Thus, PAMs may improve cell/GF-based cardiac
regeneration although caution should be paid on the electrophysiolog-
ical impact of their physical interaction with the myocardium.
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Introduction

In preclinical studies, cell transplantation has definitely emerged as
a potential treatment strategy for heart failure secondary to myocardial
infarction (MI), whereas data from large sample size clinical trials are
conflicting.! To ameliorate the unsatisfactory outcome of cell therapy
in clinical settings, attention has been paid to several factors such as
tailoring of cell type, fine tuning of procedural aspects, and optimiza-
tion of engraftment techniques with the use of scaffolds. In recent
years, several studies documented the existence in adipose tissue of
stem cells [adipose-derived stem cells (ASCs)] which can be safely
transplanted to an autologous or allogeneic host and differentiate into
various cell types, including cardiomyocytes.? Further, hepatocyte
growth factor (HGF) and insulin-like growth factor-1 (IGF-1) (GFs)
were shown to repair the infarcted heart and improve its electro-
mechanical competence by respectively mobilizing resident cardiac
stem cells (CSCs) and promoting their survival and proliferation.?
Finally, pharmacologically active microcarriers (PAMs) formed by
biodegradable and non-cytotoxic poly (lactic-co-glycolic acid) micros-
pheres which interact with cells/molecules conveyed on their surface
and tissue microenvironment were proposed for enhancing cell
engraftment in the injured myocardium.? In the present study, we test-
ed the hypothesis that stem cell based cardiac regeneration through
intra-myocardial delivery of ASCs, GF-mediated local activation of
CSCs, or both, can be improved by PAMs.

Materials and Methods

ASCs were isolated by human lipoaspirates. PAMs were coated with
fibronectin and poly-lysine to improve cell adhesion and biological
function. GFs were encapsulated into PAMs during the microsphere
formulation. Thirty-eight adult male Wistar rats with one-month old MI
were treated with ASCs (MI_ASC group, n=8), ASCs+PAMs
(MI_ASC+PAM, n=7), GF-releasing PAMs (MI_PAM+GF, n=6),
ASCs+GF-releasing PAMs (MI_PAM+ASC+GF, n=6) or vehicle (ML_V,
n=6). Five additional rats were sham operated (SHAM). Two weeks
after treatment, hemodynamic parameters were invasively determined
in Millar conductance catheter studies and inducibility of ventricular
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Figure 1. Mean valueststandard error expressed in mmHg/s of +dP/dt (a) and -dP/dt (b), measured in the 6 experimental groups.

*P<0.05, significant differences vs sham operated rats.

arrhythmias was assessed during programmed stimulation in
Langendorff-perfused hearts, by microelectrode array (MEA) system.
Eventually, the hearts were subjected to anatomical, morphometric, and
immunohistochemical analyses. ASC tracking was achieved by the
detection at tissue level of both pre-labeled cells with Dil fluorochrome
and human specific sex chromosomes by FISH.

Results

The deterioration of ventricular function in untreated MI rats was
represented by an approximately 22% reduction in the maximal rate of
ventricular pressure rise and decline (+dP/dt; Figure 1) and a 35% pro-
longation of isovolumic contraction and relaxation times.
PAM+ASC+GF was the most effective treatment leading to a substan-
tial improvement of all hemodynamic parameters whose values
approached those measured in SHAM rats (Figure 1).

The recovery of left ventricular (LV) hemodynamics in
MI_PAM+ASC+GF group had a structural counterpart in a 10%
reduction in LV chamber dilation together with a 20% increase in
mass-to-chamber-volume ratio, thus cancelling out the unfavorable
LV remodeling induced by MI (no significant difference s SHAM). In
the same animals, a considerable amount of cell engraftment within
the infarcted hearts was clearly documented by FISH immunohisto-
chemical studies. Lastly, all treatments involving the use of PAM had
beneficial effects on myocardial perfusion by significantly increasing
the number of arterioles in the regenerated hearts. Again, the best
results were obtained in the MI_PAM+ASC+GF group (+75%; P<0.01
vs MI-V).

By contrast, the improvement in cardiac mechanical function and
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structure mediated by PAM+ASC+GF treatment was not accompanied
by a similar positive effect on electrical function. Indeed, arrhythmias
occurring during programmed stimulation trended to be larger in all
treated animals and more so in MI_PAM+ASC+GF group.

Discussion

PAMs appeared to improve ASC- or GF-based approaches to regener-
ate the infarcted heart and ameliorate cardiac function although cau-
tion should be paid on the electrophysiological impact of the physical
interaction of microspheres with the myocardium.
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