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Description

[0001] The present invention generally relates to the field of myocardial repair, more particularly to a method and to
a bioactive implant for repairing myocardium and support ventricular chamber configuration and function.

BACKGROUND OF THE INVENTION

[0002] Heart failure (HF) is primarily a condition of the elderly, and thus the widely recognized "aging of the population"
contributes to the increasing incidence of HF. The incidence of HF approaches 10 per 1000 population after age 65 and
approximately 80% of patients hospitalized with HF are more than 65 years old.
[0003] Heart failure is a major and growing public health problem in the developed countries. In the United States
approximately 7 million patients have HF, and more than 550 000 patients are diagnosed with HF for the first time each
year. The disorder is the primary reason for 12 to 15 million office visits and 6.5 million hospital days each year.
[0004] Heart failure is the most common Medicare diagnosis-related group (i.e., hospital discharge diagnosis), and
more Medicare dollars are spent for the diagnosis and treatment of HF than for any other diagnosis.
[0005] In Europe, the epidemiology is not well known; it is estimated that about 30 millions patients suffer from heart
failure.
[0006] Cell transplantation and tissue engineering to the diseased heart are emerging as promising strategies to
prevent or to treat refractory heart failure that cannot successfully be treated by conventional therapies. The advances
in cellular biology, in biological engineering and nanotechnologies give further advances in this option. Implanting ex-
ogenous cells supported by scaffolds in the myocardial scar tissue to replace the damaged or the disabled cells is a
safe and efficient therapeutic approach.

Stem cell niche and cell homing

[0007] After myocardial infarction, not only the changes affect the contractile element of the myocardium (cardiomy-
ocytes) but also the extracellular matrix. The collagen type I percentage decrease from 80% to 40%, this collagen is
responsible with the other elements of the heart muscle of the normal ventricular geometry.
[0008] The efficiency of cell therapy to augment recovery after myocardial ischemia depends on the sufficient recruit-
ment of applied cells to the target tissue. Homing to sites of active neovascularization is a complex process depending
on a timely and spatially orchestrated interplay between chemokines (e.g. SDF-1), chemokine receptors, intracellular
signalling, adhesion molecules (selectins and integrins) and proteases.
[0009] Until now, cell transplantation for cardiac support and regeneration was limited by poor effects in ventricular
function. This can be due to the lack of gap junctions between the native myocardium and the grafted cells. Also, cell
transplantation seems to be limited by the relocation of transplanted cells to remote organs and noninfarcted myocardium
and by the death of transplanted cells. Most cell death occurs in the first few days post-transplantation, likely from a
combination of ischemia, apoptosis and inflammation. Apoptosis can be induced by anchorage-dependent cells detaching
from the surrounding extracellular matrix.
[0010] The cell niche, a specialized environment surrounding stem cells, provides crucial support needed for cell
maintenance. Compromised niche function may lead to the selection of stem cells that no longer depend on self-renewal
factors produced by its environment. Strategies for improving cell survival and differentiation such as tissue engineering,
has been developed.

Cardiac Tissue Engineering

[0011] Extra cellular matrix remodeling in heart failure (excessive matrix degradation and myocardial fibrosis) contrib-
utes to LV dilatation and progressive cardiac dysfunction. Myocardial tissue engineering should provide structural support
to the heart, specific scaffolds should help to normalize cardiac wall stress in injured regions improving strain distribution.
Engineering materials requiring specific properties of stiffness and resistance to deformation can be implanted or seeded
into the myocardial tissue. They are composed of natural or synthetic structure capable of supporting 3D tissue formation.
Survival and engraftment of cells within the environment of the ischemic myocardium represents a challenge for all types
of cells, regardless of their state of differentiation. Scaffolds characteristics are critical to recapitulating the in vivo milieu
and allowing cells to influence their own microenvironments. Such scaffolds serve at least one of the following purposes:
allow cell attachment and migration, deliver and retain cells and biochemical factors, enable diffusion of vital cell nutrients
and expressed products, and exert certain mechanical and biological influences to modify the behavior of the cell phase.
In addition, development of gap junctions within the new created tissue as well as with the host myocardial tissue are
of great functional interest.
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Ventricular Restraint Therapies

[0012] Heart failure patients develop oversized, dilated hearts due to increased filling pressures. Over time the in-
creased workload of the heart can lead to a change called remodeling, which is the enlargement and thinning of the
ventricles. The failing cardiac muscle need to be supported to decrease the ventricular wall stress. Mesh wrap devices
that are implanted around the heart have been used. These devices are intended to prevent and reverse the progression
of heart failure by improving the heart’s structure and function, leading to improvements in the survival and quality of
patient’s life. For example, implantable devices have been tested for ventricular restraint therapy, like a polyester netlike
sack designed for placement around the heart fabricated into a multifilament mesh knit (CorCap device, Acorn). Also a
nitinol mesh for ventricular wrapping was investigated (HeartNet device, Paracor). Permanent implantation experience
of both devices showed adverse effects like restriction in diastolic function and lack of improvement of systolic function,
without evidence of myocardial healing. These results have limited its large clinical application, including the "not to
approve" U.S. Food and Drug Administration (FDA) decision.

Translational Research

[0013] Experimental and clinical studies have been performed on stem cell therapy and tissue engineered approaches
for myocardial support and regeneration. The results of these investigations tend to demonstrate the interest of simul-
taneous intrainfarct stem cell therapy with the fixation of cell-seeded matrices onto the epicardium of infarcted ventricles.
[0014] WO2006/036826 describes a scaffold to replace portions of cardiac muscle comprising a microporous scaffold
comprising a biocompatible material and a nanofibrous hydrogel formed from self-assembling peptides. The microporous
scaffold can consist of a biodegradable polymer or of a non-degradable polymer. The pores of the microporous scaffold
are filled with the hydrogel. The scaffold can further comprise radiopaque markers, cells, growth factors and other
bioactive compounds.
[0015] Experimental studies suggest that simultaneous autologous intramyocardial injection of stem cells and fixation
of a cell-seeded collagen matrix onto the epicardium is feasible. However, the long-term efficacy of this approach is
compromised by the complete biodegradation of the grafted collagen matrix.
[0016] In summary, the following problems are encountered in the field of myocardial repair.

1) It is difficult to repair a large myocardial scar.
2) Cell bio-retention and engraftment within scar tissue is too low.
3) Mortality of implanted cells in ischemic myocardium is high.
4) Extracellular matrix remodeling in ischemic heart disease (excessive matrix degradation and myocardial fibrosis)
contributes to LV dilatation and progressive cardiac dysfunction.
5) The therapeutic limitation of heart dilatation and the recovery of the native elliptical shape of ventricular chambers
are key prognostic factors for survival in HF patients.
6) In cell transplantation, survival and engraftment within the environment of the ischemic myocardium represents
a challenge for all types of cells, regardless of their state of differentiation.
7) Up to now, the optimal cell-matrix combination for robust and sustained myocardial restoration has not been
identified.
8) The long-term efficacy of the approach -autologous intramyocardial injection of stem cells and fixation of a cell-
seeded collagen matrix onto the epicardium - is compromised by the complete biodegradation of the grafted collagen
matrix.
9) There are undesired effects of growth factor administration.
10) Tissue viability/evolution over time.

SUMMARY OF THE INVENTION

[0017] The present invention provides a bioactive implant for repairing myocardium and support ventricular chamber
configuration and function, and a method for preparing such implant. The bioactive implant is grafted onto and/or into
the ventricular wall for myocardial regeneration, for left or right ventricular support and to restore the elliptical shape of
ventricular chambers.
[0018] The scaffolds are created by the combination of biodegradable materials (biological or synthetic) with non-
biodegradable (biostable) synthetic materials. During the procedure, cells, e.g. stem cells, may be seeded into this
template form and immediately or secondarily grafted onto diseased myocardial tissue.
[0019] The method of the invention comprises the steps of creating a scaffold combining biodegradable with non-
biodegradable materials, obtaining autologous cells or cells from a donor, implanting the cells into the matrix and grafting
the composite cellular scaffolds onto the heart.
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[0020] The implant and method of the present invention aims to improve ventricular function, to limit chronic dilation
of ventricular chambers and to restore the native elliptical shape of the heart as a new modality in the treatment of heart
failure.
[0021] The advantages of the objects of the present invention are the following:

a) Stem cell transplantation induces myocardial angiogenic and/or myogenesis improving myocardial viability and
reducing scar fibrosis.
b) Matrix scaffolds grafting improves stem cell niche and cell homing, consequently increasing the thickness of the
infarct scar with viable tissues. This composite material helps to normalize cardiac wall stress in injured regions. In
addition, new vessels formation from the epicardium and from the surrounding well irrigated myocardium contribute
to the reduction of the fibrosis and size of infarction scars, inducing the regeneration of contracting cells and extra-
cellular collagen matrix.
c) Synthetic cardiac support material onto the heart brings long-term beneficial impact on ventricular chamber size
and shape reducing tension and promoting limitation of adverse remodelling. In addition, this material helps to
normalize cardiac wall stress in injured regions improving strain distribution, avoiding scar dyskinesia and the risk
of formation of ventricular aneurysms, ventricular wall rupture and mitral valve insufficiency.
d) Adapted ventricular wrapping. The bioactive implants of the present invention are designed for left ventricular
and/or right ventricular support and regeneration, including different sizes for partial or complete ventricular wrap-
pings. The implant characteristics (mechanical, physical, chemical, biological) are adapted for the left or the right
ventricle geometry, physiology and pathology.
e) Maintenance and survival of the implanted cells in situ. Preparation and maintenance of the cellular population
of the bioactive implants is obtained by cardiac cell therapy before, during or after grafting "Bioactive Implants" onto
the heart. Cell transplantation is performed using either catheter-based approaches via the endocardium (endov-
entricular), via an intravascular procedure (through coronary arteries or veins) or injecting the cells through the
epicardium during cardio-thoracic surgery, thoracoscopy or computer-robotic assisted procedures. Additionally,
lowered oxygen tension (e.g., 5% to 15%) is used during cell growth as a preconditioning procedure to improve cell
survival following patch implantation in ischemic myocardium.
f) Prevention of LV dilatation and progressive cardiac dysfunction. According to an aspect of the invention, the entire
organ is contained with the elastomeric membrane of the bioactive implant to prevent heart dilatation. Thus, with
decreased ventricular wall tension the complementary treatment of grafting biological tissue (e.g. peptides and stem
cells) can successfully achieve myocardial regeneration. Additionally, pacing electrodes can be used in the method
of the invention and also incorporated into the Bioactive Implants and the native myocardium for synchronous
electrostimulation of the implanted tissue and other electrophysiological treatments (defibrillation, resynchronization,
etc).
g) Regenerative treatment in association with implants in view of survival and engraftment. Cell-based myocardial
regenerative treatments can be associated, i.e. intramyocardial and intrainfarct stem cell transplantation, with the
implantation of bioactive implants onto the heart. Associated method for seeding or implanting stem cells into or
onto the Bioactive Implants using the following methods: mechanical (shaking, centrifugation), chemical (electro-
phoresis), physical (electroporation), etc. Seeded or implanted cells that can be angiogenic, cardio-myogenic or
pluripotents. Additionally, Bioactive Implants can be labelled with products (dies, microspheres, radioisotopes, iron-
particles, etc) for evaluation of biodegradation, integration, proliferation, differentiation and function, using radiologic,
ultrasound-echocardiographic, radioisotopic, metabolic (PET), RMI, CT Scan and bio-luminescence-fluorescence
methods (etc.).
h) Adjusted composition of the bioactive implants. The composition of the bioactive implants has a percentage of
non-biodegradable (synthetic) versus biodegradable (biological or synthetic) components, which ranges from 10%
to 90%.
i) To obviate the undesired systemic effect of growth factors, the synthetic material is designed to locally release
angiogenic factors such as VEGF, HBEGF, bFGF. Additionally, according to an embodiment of the present invention,
Bioactive Implants are endowed with a system for the controlled release of angiogenic and antiapoptotic factors.
j) Assessment of the tissue growth and viability. Sensing Electrodes are incorporated in the bioactive implants and
connected to a bioelectrical impedance measuring device. The goal of this implantable monitor is to assess by
telemetry the evolution of engineered tissue in cardiac regeneration and to detect early pulmonary oedema in heart
failure patients.

DEFINITIONS

[0022] A membrane is a material having one of its three dimensions (its thickness) much smaller than its other two
dimensions (its length and width), these latter being comparable in magnitude. An elastomer is a crosslinked macromo-
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lecular material which in working conditions is above its glass transition temperature and thus is able to rapidly recover
its original unstressed dimensions after cessation of mechanical loading not exceeding a critical value. An elastomeric
membrane is a membrane made out of an elastomer. A gel, or hydrogel, is, for the purposes of the present document,
a macromolecular material, by which either physical or chemical crosslink interactions produce a macromolecule base
component, able to retain large amounts of water molecules. A microporous elastomeric membrane is an elastomeric
membrane in which the elastomer configures a system of interconnected void spaces, the pores, throughout the bulk
of the membrane, the pores having linear dimensions in the range of several tens to a few hundreds of micrometers.
Said pores host cells and the extracellular matrix produced by them, configuring a three-dimensional environment able
to convey mechanical stimuli to the cells and to facilitate three-dimensional cell-to-cell interactions. The pores of the
microporous elastomeric membrane may also be filled with a gel. A polymer is a macromolecule consisting in the repeat
of a few different units (if one, a homopolymer; if more than one, a copolymer). A synthetic polymer is a polymer not
present naturally in biological system. A biostable or non-degradable polymer is a polymer which remains chemically
unaltered in vivo. A degradable synthetic polymer is a synthetic polymer which in vivo undergoes depolymerization
(scission) reactions whose products can be toxic or non-toxic, metabolized or non-metabolized by the tissues or organs
of the host. A partially degradable polymer is a polymer composed of biostable and biodegradable molecule fragments.
A self-assembling peptide is a class of peptides with self-complementary properties able to undergo spontaneously a
phase transition from a disorder sol state to a more ordered state, where the final ordered state consists of a crystal-
like structures or a collapsed amorphous material. Said transition is triggered by environmental parameters such as a
pH ot pK threshold, temperature, etc. A self-assembling peptide gel is the spontaneous assembly of self-complementary
peptides developing into ordered chain or domains with elongated shapes and dimensions in the range of a few to tens
of nanometers, and are thus referred to as nanofibers.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention provides a bioactive Implant for myocardial regeneration and cardiac support. The implant
comprises I. an elastomeric microporous scaffold membrane (patch) comprising at least one non degradable synthetic
polymer (a), one partially degradable synthetic polymer (b) and biomaterials of nanoporous or nanoscale fiber dimensions,
and II. a peptide nanofiber hydrogel. The porosity of said membrane is comprised between 70% and 90%, said pores
being interconnected and having preferred diameters comprised between 80 microns and 150 microns
[0024] More specifically, the non degradable or biostable synthetic polymer (a) is selected from the group consisting
of polyethylacrylate or polyethylacrylate copolymerized with a 10% wt or a 20% wt hydroxyethylacrylate co-monomer.
This polymer is advantageously produced by the template leaching method, using as template an arrangement of sintered
spheres and/or fiber fabrics. The partially degradable synthetic polymer (b) is selected from the group consisting of
caprolactone 2-(methacryloyloxy)ethyl ester or caprolactone 2-(methacryloyloxy)ethyl ester copolymerized with ethyl-
acrylate in weight proportions of this last co-monomer comprised between 30% and 80%. This polymer is advantageously
produced by the template leaching method, using as template an arrangement of sintered spheres and/or fiber fabrics.
The percentage of non degradable polymers versus degradable polymers is comprised between 10 and 90% wt; it is
preferably comprised between 10 and 48% wt.
[0025] In a preferred embodiment, the nanofiber hydrogel can be degradable, biologically or chemically, or non de-
gradable and advantageously includes natural molecules such as protein, peptide, oligosaccharide, polysaccharide, or
proteoglycan derived matrices such as collagens, fibrins, alginates, chitosans, hyaluronic acid, and/or any synthetic
molecule that will develop into a nanofiber network with gel/hydrogel properties, such a peptide nanofiber hydrogel
scaffold; a class of self-complementary amphiphilic peptides that self-assemble into nanofibers illustrates such peptides.
The following peptide AcN-RADARADARADARADA-COONH2 commercially available is an example of this peptide class.
[0026] In a preferred embodiment, the nanoporous or nanoscale fiber gel/hydrogel either completely fills the pores of
the elastomer membrane, partially fills the pores by forming a layer coating to the inner surfaces of the membrane’s pores.
[0027] In a specific aspect of the invention, the non degradable biostable synthetic polymer is surface-treated to graft
adhesion molecules such as functional peptides like as RGD peptides (Arg-Gly-Asp), functional sugars or lipids, and
proteins such as laminin or laminin fragments.
[0028] The bioactive implant of the invention is designed to feature mechanical properties to be elastic enough to
match the myocardium contraction-distraction activity to allow deep structural and functional bio integration.
[0029] The implant of the invention has an elastomeric membrane which contains the entire organ to prevent heart
dilatation (i.e. a decreased ventricular wall tension).
[0030] The bioactive implant in a particular aspect of the invention additionally comprises a system for the controlled
release or absorbance of active molecules such as any organic molecule (small molecule, peptide, lipid, sugar, protein,
proteoglycan) with angiogenic, antiangiogenic, pro-regenerative, anti-regenerative, apoptotic, necrotic, antiapoptotic
and antinecrotic activity, such as VEGF, IL-6, IL-10, IGF-1, FGF-2.
[0031] The release or absorbance system may consist in:
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(a) the molecule encapsulated in degradable microparticles made of such polymers as chitosan, hyaluronic acid,
complexes of these last two polymers, or a degradable polyester, such as polyglycolic acid, or polylactic acid, or
polycaprolactone; the said microparticles embedded in the gel filling or coating the membrane’s pores;
(b) the molecule included in the gel filling or coating the membrane’s pores associated non-specifically or specifically
to the structure of the gel filling material;
(c) the molecule covalently or non-covalently bonded to the self-assembling peptide filling or coating the membrane’s
pores.
(d) the molecule with absorbance capacity to eliminate any organic molecule with antiangiogenic, anti-regenerative,
apoptotic, necrotic, activity.

[0032] The bioactive implant of the invention, in another aspect additionally comprises cytokines and angiogenic
antiapoptotic peptides.
[0033] It has binding capacity of components secreted by the necrotic tissue. Accordingly, it has the ability to modulate
and neutralize the effect of components such as Midkine (MDK), a negative regulator of angiogenesis.
[0034] The implant of the invention can be functionalized with biological active motifs (peptides and glycopeptides) to
promote cellular responses, in particular, myocardial instruction to maintain phenotype, allow cell-cell contact and es-
tablishment of gapjunctions.
[0035] The bioactive implant of the invention can be designed for elliptical or conical heart shape restoration, in which
both ventricles are completely wrapped by the device. The structure of this device consists in special reinforcements at
the level of the anatomical bands, forming two helical loops of "non degradable biostable synthetic polymers" for conical
shape restoration. The geometric disease in ischemic dilated cardiomyopathy is the spherical chamber, which is different
than the elliptical or conical normal heart shape.
[0036] The bioactive implant of the present invention can additionally comprise cells.
[0037] The cells can be myogenic or cardiomyogenic cells. According to this embodiment, the cells are selected from
the group consisting of skeletal myoblasts, smooth muscle cells, fetal and neonatal cardiomyocytes, adult ventricular
cardiomyocytes, cardiospheres and epicardial progenitors.
[0038] The cells can alternatively be angiogenic cells, such as bone marrow and peripheral blood mononuclear fraction,
bone marrow and peripheral blood endothelial progenitors, endothelial cells, mesothelial cells from omentum, adipocyte
derived stem cells, stem cells from adipose epicardial tissue and multipotent menstrual blood stromal cells.
[0039] The cells can also be pluripotent stem cells. In this embodiment, the cells are selected from the group consisting
of embryonic cells, fetal stem cells, umbilical cord cells, induced pluripotent stem cells (iPSCs), bone-marrow mesen-
chymal stem cells (MSCs), adult testis pluripotent stem cells and human amniotic fluid stem cells (hAFSCs). In this
regard the bioactive implant is designed to host educated or trained cells expected to grow, multiply, differentiate and
organize into a nanoscale fiber within the microporous structure of the patch and to connect with the native myocardium.
The combination of the element of the bioactive implant along with the cells is such that it presents a decreased ventricular
wall tension and can successfully achieve myocardial regeneration.
[0040] Suitable sources of cells for bioactive implant seeding and intrainfarct injection will depend on the types of
diseases to be treated. For recent myocardial infarction, angiogenic cells that reduce myocardial necrosis and augments
vascular blood flow will be desirable. For chronic heart failure, cells that replace or promote myogenesis, reverse apoptotic
mechanisms and reactivate dormant cell processes will be useful. For chronic ischemic cardiomyopathy both angiogenic
and cardiomyogenic cells will be associated.
[0041] According to the present invention, it is possible to embed cells in a 3-dimensional structure replicating the
extracellular matrix, which is crucial for full tissue restoration and prevention of ventricular remodeling. The clinical
translation of cell therapy requires avoidance of potentially harmful drugs and cytokines, and rapid off-the-shelf availability
of cells. The combination of pre-differentiated cells within a functionalized scaffold, locally releasing molecules tailored
to promote in-situ completion of differentiation and improve homing, survival, and functions, circumvents the potential
undesired systemic effects of growth factor administration and improve tissue restoration.
[0042] The cells seeded into matrix scaffold and supported by a synthetic ventricular support device treated with
adhesion molecules ameliorate functional recovery of infarcted hearts and improve long-term evolution by providing
myocardial regeneration and gentle support.
[0043] The cell-matrix combination associated with a ventricular constraint non-absorbable material (mesh cardiac
wrap), positioned over the diseased myocardium improves ventricular function and reduces adverse chamber remod-
elling.
[0044] The present invention combines a regenerative biological approach with a prosthetic cardiac support device.
Stem cells associated with a tissue engineered matrix scaffold and combined with a mesh cardiac wrap should reduce
post-ischemic fibrosis and assist the recovery of myocardial viability and compliance. This procedure can be proposed
for the treatment of ischemic heart disease, associating a regenerative biological approach with a prosthetic support
device.
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[0045] The present invention constitutes a unique platform for engineering highly efficient contractile tissues and
enhancing cell therapy.
[0046] For the present invention, the cells can be obtained from any suitable source. They can be isolated from a
suitable source by methods well known to those skilled in the art. They may be cultured according to methods known
to those skilled in the art. For example, the cells can be added to culture medium which may additionally comprise growth
factors, serum, antibiotics or any of a variety of cell culture components known to those skilled in the art.
[0047] Ischemic cardiomyopathy induces geometric alteration of the ventricular cavity, which changes from an elliptical
to a spherical shape. The geometric disease in ischemic dilated cardiomyopathy is the spherical chamber, which is
different than the elliptical or conical normal heart shape. The sphericity index quantifies this geometric form alteration
by comparing the transverse ventricular (short) and long axis; an ellipse has a 0.5 ratio (the length is twice the width)
and a sphere is 1.0 due to similar transverse and longitudinal dimensions.
[0048] According to one embodiment of the invention, the structure of the bioactive implant of the present invention
consists in special reinforcements at the level of the anatomical bands, forming two helical loops of non degradable
biostable synthetic polymers. This embodiment of the present invention is intended to cover both ventricles for ischemic
dilated cardiomyopathy. Helical ventricular artificial bands for LV elliptical shape restoration using bioactive implants is
useful in the context of the biosurgical strategies indicated to manage patients with advanced myocardial diseases. An
important advantage of this technique is the fact that the surgery is performed without the risk of opening the ventricular
chambers, i.e. without extracorporeal circulation.
[0049] In another aspect, the present invention deals with a method for preparing the bioactive implant of the invention,
comprising the following steps of filling an elastomeric microporous scaffold membrane with a peptide nanofiber hydrogel
scaffold, so as to obtain a bioactive construct; the filling is for example made by placing the membrane in a syringe filled
with the gel and gently evacuating the air in the pores; then said construct is cultured under biophysical, mechanical
conditions (i.e. compression and elongation).
[0050] In a further aspect, the above described method additionally comprises a step of seeding or implanting cells
onto or into said bioactive construct using the following methods: mechanical (shaking, centrifugation), chemical (elec-
trophoresis), physical (electroporation). The cells that can be used are myogenic, cardiomyogenic, angiogenic or pluripo-
tent stem cells.
[0051] Another method for preparing the bioactive implant of the invention comprises the steps of obtaining myogenic,
cardiomyogenic, angiogenic or pluripotent stem cells, culturing said cells in vitro; mixing said cells with a peptide nanofiber
hydrogel scaffold; filling an elastomeric microporous scaffold membrane with said peptide nanofiber hydrogel scaffold,
so as to obtain a bioactive construct; and culturing said bioactive construct under local in vitro electrostimulation.
[0052] In a specific aspect of the method, the cells are cultured under lowered oxygen tension.
[0053] In a still specific aspect of said method, the bioactive implant is cultured so as to be adapted to left ventricular
and/or right ventricular support and regeneration, for partial or complete ventricular wrappings.
[0054] The present invention also deals with a method for repairing the myocardium of an individual comprising the
steps of preparing a bioactive implant according to the invention and implanting the bioactive implant into and/or onto
the myocardium.
[0055] In a more specific aspect the method for repairing the myocardium comprises an additional step consisting in
injecting cells through the epicardium during cardio-thoracic surgery, thoracoscopy or computer-robotic assisted proce-
dures. The injected cells can be autologous stem cells cultured in hypoxic conditions.

Example 1: Biological evaluation of elastomeric scaffold membranes. Quantification of cell proliferation.

MTT assay

[0056] The MTT system is a simple, accurate, reproducible means of measuring the activity of living cells via mito-
chondrial dehydrogenase activity. The key component is 3-[4,5-dimethylthiazol-2-yl]-2,5- diphenyl tetrazolium bromide
or MTT. Solutions of MTT solubilised in tissue culture media or balanced salt solutions, without phenol red, are yellowish
in color. Mitochondrial dehydrogenases of viable cells cleave the tetrazolium ring, yielding purple MTT formazan crystals
which are insoluble in aqueous solutions. The crystals can be dissolved in acidified isopropanol. The resulting purple
solution is spectrophotometrically measured. An increase in cell number results in an increase in the amount of MTT
formazan formed and an increase in absorbance.

Material and method

[0057] Pieces of porous membranes of polyethyl acrylate (PEA100 in what follows) and a copolymer of ethyl acrylate
and hydroxyethyl acrylate with a 90:10 mass ratio of both monomers (hereafter PEA90) were employed. The membranes
had been cut into pieces of dimensions 25 mm X 25 mm, with an approximate thickness of 1.0 mm (PEA100 and PEA90A)
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and of 0.7 mm (PEA90B). The pores of the membranes consisted in layers of orthogonal families of parallel cylindrical
channels, with channel diameter of 150 micron and channel separation of 300 micron. They were generated by letting
the precursors of the polymers react inside a template of the porous structure, and dissolving the template afterwards.

Scaffolds conditioning protocol

[0058] Due both to their hydrophobic nature and to their microporous structure, the elastomeric scaffolds need to be
pre-hydrated before cell seeding. The conditioning procedure consists in a 24 h immersion in a PBS solution. Vacuum
might be necessary to improve fluid penetration into the pores, putting the sample in a tube sealed hermetically with a
cap pierced by a syringe’s needle, and performing vacuum with the syringe. The pre-hydrated sample is then immersed
in the culture medium. If the pH changes, the medium is renewed until the reference pH value remains stable.

Cell seeding

[0059] Bone marrow mesenchymal stem cells (BMC) were isolated under sterile conditions from femur and tibia bones
of Wistar rats. After 2 weeks of in-vitro cultures in DMEM complete medium with L glutamine, sodium pyruvate and 15%
Fetal Bovine Serum (1st passage), 10,000 cells diluted in 0,5 ml medium were seeded into PEA90 and PEA100 scaffolds
and into 3D Collagen type I matrix (n=5 for each sample). After careful cell seeding using a micropipette, elastomeric
scaffolds and collagen matrix were maintained 20 minutes without motion, to start cell adhesion. At the following step,
and in order to promote a regular distribution of BMC into the matrix pores, Petri dishes containing the elastomeric and
collagen scaffolds/matrices were shaken continuously for 10 minutes at 80 g using an Orbital Shaker (Stuart Scientific,
Stone, Staffordshire, UK). Afterwards cell seeded scaffolds were incubated one hour at 37°C. Finally DMEM complete
medium was added to the Petri dish and the cell seeded scaffolds/matrix were cultured during 3 weeks at 37°C, 5% CO2.

Quantification of cell propagation

[0060] Cultures were removed from the incubator into a laminar flow hood. The supernatant was removed and then
the scaffolds were washed with PBS two times. The scaffolds were transferred into new tubes (15 ml Falcon). Aseptically
the MTT solution was added in an amount equal to 10% of the culture volume (1800 microliter phenol red free medium
+ 180 microliter MTT) and cultures were incubated for 3 hours at 37°C in a 5% CO2 humidified atmosphere. Two ml of
solubilisation solution or solvent were added and then vortexed for 5 min. This provoked the release from the scaffold
of MTT which was actively reduced by viable cells acquiring a yellow colouring. Each sample was centrifuged at 15,000
g for 5 min and the supernatant was read at 570 nm using a multiwall spectrophotometer.

Results

[0061] Spectrophotometer assessments showed optical density (OD) values of 0.13+/- 0.02 for collagen matrix; 0.22+/-
0.04 for PEA90A scaffolds; 0.11+/-0.03 for PEA90B scaffolds; and 0.34+/-0.05 for PEA100 scaffolds.
[0062] These results showed that cell proliferation was well developed in the elastomeric scaffolds, presenting a better
proliferation than the 3D collagen scaffolds. Until now collagen scaffolds have been used in experimental and clinical
myocardial tissue engineering as a gold standard.

EXAMPLE 2: Electrophysiological evaluation of the elastomeric scaffold membranes

Measurements of electrical impedance

Electrical conduction

[0063] Myocardial electrical impedance has shown to be an effective indicator of myocardial tissue characteristics and
electrode tissue interface. Significant modifications have been demonstrated during tissue ischemia.
[0064] Electrical resistivity (also known as specific electrical resistance or volume resistivity) is a measure of how
strongly a material opposes the flow of electric current. A low resistivity indicates a material that readily allows the
movement of electrical charge. The SI unit of electrical resistivity is the ohm [Ω].

Material and methods

[0065] Pieces of porous membranes of polyethyl acrylate (PEA100 in what follows) and a copolymer of ethyl acrylate
and hydroxyethyl acrylate with a 90:10 mass ratio of both monomers (hereafter PEA90) were employed. The membranes
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had been cut into pieces of dimensions 25 mm X 25 mm, with an approximate thickness of 1.0 mm (PEA100 and PEA90A)
and of 0.7 mm (PEA90B). The pores of the membranes consisted in layers of orthogonal families of parallel cylindrical
channels, with channel diameter of 150 micron and channel separation of 300 micron. They were generated by letting
the precursors of the polymers react inside a template of the porous structure, and dissolving the template afterwards.

Scaffolds pre-hydration

[0066] Elastomeric scaffolds need 2 days of pre-hydration as follows: 24 Hs immersion in a PBS solution and 24 Hs
immersion in culture medium. Vacuum could be necessary to improve tissue hydration, putting the sample in tube with
cap and performing vacuum with a syringe. Once pH change is observed, the samples should be overnight in fresh
culture medium.

Electrophysiological studies

[0067] Two electrodes having curved needles for easy insertion were sutured into the opposites borders of the elas-
tomeric scaffolds and of 3D collagen type l matrix (n=5 for each sample). These electrodes were conceived to be
implanted for temporary postoperative cardiac pacing in heart surgery. Scaffolds and implanted electrodes were im-
mersed in Petri dishes containing DMEM cell culture medium. After 30 minutes electrophysiological studies were per-
formed connecting the electrodes to a Pacing System Analyzer Model 5311 (Medtronic Inc.). Bipolar charge balanced
electrostimulation was delivered using the following parameters: pulse amplitude 1 Volt, pulse width 0.5 ms, frequency
of stimulation 70 pulses per minute (ppm). Electrostimulation was delivered just for testing. Afterwards electrical imped-
ance within the scaffolds was assessed.

Results

[0068] Electrical measurements were performed in each preparation group, i.e. cell medium alone, collagen matrix,
PEA90A scaffold, PEA90B scaffolds, PEA100 scaffolds. Each group consisted of 5 samples.
[0069] Impedance measurements showed the following values: cell culture medium 292+/-25 ohms, collagen matrix
230+/-21 ohms; PEA90A scaffolds 321+/-34 Ohms; PEA90B scaffolds 345+/-33 ohms; PEA100 scaffolds 340+/-29 ohms.

[0070] Pacing pulse; 1.0 V, 0.5 ms
[0071] These results showed that all the evaluated materials present electrical conduction properties, i.e. resistance,
similar to those encountered with cardiac tissues, thus these scaffolds have the potential to be used for myocardial
substitution.

EXAMPLE 3

[0072] The failing cardiac muscle needs to be chronically supported to decrease ventricular wall stress and also to be
regenerated to improve ventricular function. This Example demonstrates that the association of stem cells with a collagen
matrix and a polyester mesh for cardiac wrap provides better results than the implantation of polyester mesh alone.
[0073] To illustrate this embodiment, fifteen sheep underwent 1 hour of surgical myocardial ischemia followed by
reperfusion. Three groups were created: Group 1: coronary occlusion without treatment (control group). Group 2: LV
constraint using a polyester mesh for cardiac wrap. Group 3: the ischemic area was treated associating stem cells, a
collagen matrix and a polyester mesh. Autologous adipose tissue derived stem cells (ASC) cultured in hypoxic conditions
(5%) were labelled with BrdU and injected into the infarct area and into a collagen matrix. At 3 months animals were
evaluated with echocardiography and histopathological studies.

Biopsy extraction

[0074] In 15 female Rambouillet sheep weighing 32 to 37 kg (mean 35 6 2.2 Kg), subcutaneous fat tissue was removed
for stem cell isolation and expansion. Autologous cells were used throughout in order to avoid any problem of histocom-
patibility. Adipose tissue biopsies were obtained by subcutaneous fat tissue removal (40-60 grams) from the right thoracic

Cell medium Collagen matrix PEA90A scaffold PEA90B scaffold PEA100 scaffold

Impedance [Ω] 292 230 321 345 340

Current [mA] 3.42 4.35 3.11 2.90 2.94
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wall and stored in phosphate buffered saline (PBS) at room temperature until processing.

Isolation and hypoxic culture of Adipose Derived Stem Cells (ASC)

[0075] The tissue samples were finely minced and digested by incubation in a 0.14 Wünsch units/mL Liberase
Blendzyme 2 (Roche Applied Science, Hvidovre, Denmark) solution at 37°C for two hours. The digests were centrifuged
at 400g for 10 min and the top fluid and fat layers were discarded. Contaminating erythrocytes were lyzed by resuspension
of the pellet in sterile milli-Q water for 20 seconds, after which the salt concentration was adjusted through addition of
10x PBS. The cells were filtered through a 100 mm cell strainer, centrifuged at 400g for 10 min, and resuspended in
25mL growth medium, consisting of minimum essential medium alpha (A-MEM) (GIBCO/Invitrogen) supplemented with
10% fetal bovine serum (FBS), and penicillin (10 U/ml), streptomycin (10 mg/ml), gentamicin (10 mg/ml) (all from GIBCO/
Invitrogen). The cells were seeded in a T75 flask and transferred to a CO2 incubator overnight, after which non-adherent
cells were removed. The flasks were then transferred to a hypoxic workbench/incubator (Xvivo; Biospherix, Lacona,
NY), allowing for uninterrupted cell culture and passaging in a controlled atmosphere of 5% O2 and 5% CO2 balanced
with nitrogen. During expansion of the cells, the media was changed twice a week. When cells were 90% confluent, the
cells were detached from the culture flasks using 0.125% trypsin/0.01 % EDTA and transferred to new flasks.

Labeling with Bromodeoxyuridine

[0076] For each sample, the cells were expanded until eight T175 culture flasks were 75% confluent, then the cells
were labeled with bromodeoxyuridine (BrdU). Briefly, cells were incubated with growth media containing 10 micrograms
BrdU (Sigma) for 48 hours, and then the cells were washed several times with PBS and frozen in aliquots of approximately
10x106 cells.

Experimental myocardial injury

[0077] After preoperative medication and induction of anaesthesia (same protocol as fat tissue biopsies) animals were
intubated and mechanically ventilated with an Aestiva/5 system (Datex-Ohmeda, Helsinki, Finland). The electrocardio-
gram was monitored during operation. A central venous line was placed through the external jugular vein for administration
of fluid and drug infusions. Left thoracotomy was performed at the level of the 5th intercostal space, and the heart was
exposed. To reduce the risk of ventricular fibrillation, a continuous IV perfusion (2 mg/kg per hour) of Xylocaine 1%
(Lidocaine, AstraZeneca) was performed during the entire surgical procedure. In all animals a LV myocardial ischemia
was surgically created by transitory ligation (60 minutes) of the main diagonal branch of the left coronary artery, followed
by reperfusion. A 4-0 non-absorbable Prolene suture was passed underneath the coronary artery branch, the flow was
interrupted using a Teflon pledget compressed by a polyurethane occluder. This occluder was released after 60 minutes,
thus the myocardial ischemic territory was reperfused. Significant EKG changes, including widening of the QRS complex
and elevation of the ST segment, and colour and kinetics changes of the area at risk were considered indicative of
coronary occlusion.

Treatment Groups

[0078] Animals were randomized in 3 groups:

Group 1 (n=5): myocardial ischemia without treatment (control group).
Group 2 (n=5): post-ischemia implantation of a mesh ventricular wrap device.
Group 3 (n=5): post-ischemia intrainfarct injection of stem cells, implantation of a collagen matrix as interface and
implantation of the mesh ventricular wrap device.

Cell Injection and Collagen Matrix Implantation

[0079] In Group 3 animals, at 1 hour of infarction cell were injected into the infarct zone by using a 27-gauge needle.
Injections consisted of 99 +/- 12 million cells, 50% (2mL) injected into the infarction and 50% (5mL) seeded into a 3D
collagen type I matrix.
[0080] For myocardial treatment, six injection needle points were used in each animal, bulging over the myocardial
infarction area was confirmed in every case after injection. Criteria to guide the epicardial injections were the ventricular
surface discoloration and hypokinesia.
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Collagen matrix preparation

[0081] Collagen matrix was prepared from a commercially available CE Mark collagen kit (Pangen 2, Urgo Laboratory,
Chenove, France). This 3D biodegradable matrix (size: 5x7x0.6 cm) was manufactured using a lyophilised, non dena-
tured, native type I collagen. The matrix pores measured 50 to 100 mm. In the operating room and under high sterility
conditions, matrix was placed into a Petri dish; afterward, the cell suspension (5066 million cells diluted in 5 mL medium)
was seeded onto the matrix. To promote a regular distribution of ASC into the matrix pores, Petri dishes containing the
collagen matrix was shaken continuously for 10 minutes at 160g using an Orbital Shaker (Stuart Scientific, Stone,
Staffordshire, UK).

Mesh Cardiac Wrap

[0082] To avoid hemodynamic instability and arrhythmias during implantation, we start to fix the mesh cardiac wrap
(CorCap polyester device) before creation of myocardial ischemia. The CorCap model Gen2 CSD Size B (Acorn Car-
diovascular Inc, St Paul, MN, USA) was chosen in all cases, then was opened longitudinally, slid behind the ventricles
and fixed with 2 lateral epicardial sutures (Prolene 4-0). Afterwards the ischemia was created followed by reperfusion.
One hour later the cells were injected, the collagen matrix implanted and the anterior part of the CorCap was closed
using a continuous suture (Prolene 2-0). The fixation of the device was completed by multiple single sutures over the
atrio-ventricular anterior groove.

Results

[0083] No mortality was observed. The hypoxic treatment for cell cultures demonstrated a quite dramatic improvement
of proliferation rate: under hypoxia cells grown faster. Echocardiography showed a limitation of LVED (Left Ventricular
End-diastolic Dimension) volume in both treated groups (polyester mesh alone 35.665 mL and with cell therapy 32.664
mL) vs. control (6566.3 mL, p<0.01 for both comparisons). EF (Ejection Fraction) was significantly greater in the hearts
treated with the polyester mesh + cells/collagen (55.863.8%) compared with those receiving polyester wrapping-only
(44.162.3%) (p=0.04) or without treatment (34.863.6%) (p=0.01). Doppler-derived mitral valve deceleration time (DT)
improved from 14066.3 ms to 19569.5 ms (p=0.03) in the cell-collagen CorCap group but not in the other groups.
Histology showed in the cell treated group multifocal ischemic areas much less prominent than in other groups, with
focuses of angiogenesis and viable grafted cells. Minimal fibrosis interface between the polyester mesh and the epicar-
dium was observed in Group 3, probably due to the interposition of the cell-seeded collagen.

Comments

[0084] In an ischemic model, stem cells associated with a collagen matrix and a polyester mesh for cardiac wrapping
improves EF and diastolic function, reducing adverse remodelling and fibrosis. This procedure associating a regenerative
biological approach with a prosthetic support device seems to be appropriate for the treatment of advanced ischemic
heart failure.

EXAMPLE 4

[0085] This clinical Example demonstrates that a cell-seeded collagen matrix associated with intra-infarct cell therapy
provides better results than stem cell alone.

Matrix preparation

[0086] A 3D biodegradable matrix (size: 5x7x0.7 cm) manufactured using lyophilized bovine type I collagen was
prepared. The matrix pores measured 50 to 100 mm. In the operating room and under high sterility conditions, matrix
was placed into a Petri dish; afterward, the cell suspension (250628 million cells diluted in 10 ml medium) was seeded
onto and into the matrix. To promote a regular distribution of cells into the matrix, Petri dishes containing the matrix were
shaken continuously for 10 minutes at 160g using an Orbital Shaker (Stuart Scientific, Stone, Staffordshire, UK).

Surgical Procedure

[0087] In 10 patients (mean age 52.6 y), after sternotomy, a single OP-CABG (off pump-coronary artery bypass graft)
was performed using the left internal mammary artery (LIMA). At the end of surgery, 250628 million cells diluted in 5
ml medium were injected in the infarcted area and borderzone, using a 25G x 40 mm retrobulbar ophthalmic needle.
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Then the cell seeded matrix was placed covering the infarcted area and fixed to the epicardium with 6 PDS sutures (6-0).
[0088] In another group of 10 patients (mean age 56.8 y), a single OP-CABG was performed. Stem cells were injected
into the infarction scar but no seeded matrix was used in this group.

Results

[0089] There was no mortality and any related adverse events (follow-up 1063.5 months). NYHA FC improved in both
groups from 2.360.5 to 1.360.5 (matrix, p=0.0002) vs 2.460.5 to 1.560.5 (no matrix, p=0.001). LV end-diastolic volume
evolved from 142.4624.5 to 112.9627.3 mL (matrix, p=0.02) vs 138.9636,1 to 148.7641 mL (no matrix, p=0.57), LV
filling deceleration time improved significantly in the matrix group from 16267 ms to 19869 ms (p=0.01) vs no-matrix
group (from 15965 ms to 16768 ms, p=0.07). Scar area thickness progress from 661.4 to 961.1 mm (matrix, p=0.005)
vs 561.5 to 660.8mm (no matrix, p=0.09). EF improved in both groups, from 25.367,3 to 3265,4% (matrix, p=0.03)
versus 27.26 6,9 to 34.6 67,3% (no matrix, p=0.031).

Comments

[0090] This clinical study showed that cell transplantation associated with a collagen cell-seeded matrix increased the
thickness of the infarct scar with viable tissues and help to normalize cardiac wall stress in injured regions (scaffold
effect), thus limiting ventricular remodelling and improving diastolic function. Patients treated without the cell-seeded
collagen matrix didn’t show limitation of post ischemic remodelling and improvements in diastolic function.

EXAMPLE 5: PREPARATION OF AN HYBRID MATERIAL FOR THREE-DIMENSIONAL CULTURE WITH IMPROVED 
MECHANICAL PROPERTIES FILLING ELASTOMERIC MEMBRANES WITH SELF-ASSEMBLING SYNTHETIC 
PEPTIDES RESUSPENDED IN WATER

MECHANICAL PROPERTIES OF THREE DIMENSIONAL SCAFFOLDS

[0091] During the last decades cellular cardiomyoplasty has become a state of art for cardiac affects. It consists in
introducing myocardial or stem cells (with and without three-dimensional matrices) in the infarcted ventricles trying to
recover the lost function. The drawback is that it was proved that there were a low number of cells capable of surviving
in these conditions; partly because they cannot stand the mechanical forces of the receptor tissue.
[0092] Three-dimensional scaffolds as RAD16-l (self-assembling peptides resuspended in water) allow the cells to
form a functional network in the β-sheet scaffold formed, but additionally it is indispensable that the scaffold could stand
the beat of the heart. Elastomeric membranes can offer these mechanical properties.

CONGO RED STAINING

[0093] Congo red staining is a simple method to appreciate the formation of typical RAD16-l self-assembly β-sheet.
The reactive is as sodium salt of benzidinediazo-bis-1-naphthylamine-4-sulfonic acid (formula: C32H22N6Na2O6S2) and
its configuration permits hydrogen bonding of the azo and amine groups of the dye to similarly spaced hydroxyl radicals
giving a red coloration.

MATERIAL AND METHODS

[0094] Pieces of porous membranes of polyethyl acrylate (PEA100 in what follows) and a copolymer of ethyl acrylate
and hydroxyethyl acrylate with a 90:10 mass ratio of both monomers (hereafter PEA90) were employed as elastomeric
membranes. The membranes had been cut into pieces of dimensions 0.5 cm X 0.5 cm, with an approximate thickness
of 1.0 mm (PEA100 and PEA90). The pores of the membranes consisted in layers of orthogonal families of parallel
cylindrical channels, with channel diameter of 150 micron and channel separation of 300 micron. They were generated
by letting the precursors of the polymers react inside a template of the porous structure, and dissolving the template
afterwards.
[0095] The self assembling peptide RAD16-l was used as three-dimensional scaffold. The stock was prepared in 1 %
solution of sucrose 10% avoiding the self-assembling produced by the increase of the ionic strength. The stock solution
is diluted to the desired concentration in sucrose 10% for each experiment.

Scaffolds pre-hydration

[0096] The elastomeric scaffolds needed to be pre-conditioned before the peptide addition. Initially the membranes
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were sterilized using three washes with EtOH 70% and letting them dry in air during 10 min. After this pre-treatment the
scaffolds were hydrated as follows: 30 min of 30min immersion in a PBS solution with vacuum and three washes with
sucrose 10%. The vacuum was necessary ensure that all the poresporous are filled with the aqueous solution, and the
isotonic solution was necessary to avoid the self-assembly during the first contact between the membranes and the
peptide. After this treatment, the membranes were dried to moist since the complete drying would return the membranes
to their initial hydrophobicity.

Filling of the membranes with RAD16-l peptide

[0097] The pre-treated membranes were introduced inside a 9-mm-diameter cell culture insert (PICM01250, Millipore,
Billerica, MA). Then RAD16-l peptide 0.15% in sucrose 10% was loaded, carefully, on the top of the membrane using
a micropipette. After the loading of the peptide, 500mL of DMEM complete medium with L-glutamine, sodium pyruvate
and 15% Fetal Bovine Serum was placed out of the insert. The peptide was let to self-assemble in the flow cabinet
during 20 min. At this point the medium penetrates in the insert from the bottom membrane inducing a bottom-to-top
self-assembly of RAD16-l inside the membrane. To wash out the remaining sucrose, medium was added in sequential
steps on the top of the ensemble and allowed to infiltrate. Finally 500 mL were loaded inside the insert and 2.5 mL in
the well outside the insert.

RESULTS AND COMMENTS

[0098] Both, PEA100 and PEA90 membranes are filled with RAD16-1 peptide. Each group consisted on 2 samples.
It is therefore considered a composite material: elastomeric membranes + self-assembling peptides.
[0099] The results showed that PEA100 membrane allows RAD16-l to fill the porous easily than PEA90 membrane.
Thus, it seems that the most hydrophobic PEA100 polymer is in principle preferable in order to obtain the combined
system with improved mechanical properties compared with those of the peptide gel, that would permit to hold the
heartbeat.
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Claims

1. A bioactive implant for myocardial regeneration and ventricular chamber support, comprising:

I. an elastomeric microporous scaffold membrane comprising at least one non degradable synthetic polymer,
one partially degradable synthetic polymer, and nanofiber biomaterials, said membrane having a porosity com-
prised between 70% and 90%, the pores being interconnected and having diameters comprised between 80
microns and 150 microns, wherein

a. Said non degradable synthetic polymer is selected from the group consisting of polyethylacrylate and
polyethylacrylate copolymerized with a 10% wt or a 20% wt hydroxyethylacrylate comonomer; and
b. Said partially degradable synthetic polymer is selected from the group consisting of caprolactone 2-(meth-
acryloyloxy)ethyl ester or of caprolactone 2-(methacryloyloxy)ethyl ester copolymerized with ethylacrylate
in weight proportions of this last comonomer comprised between 30% and 80%,

wherein the percentage of non-degradable polymers versus degradable polymers is comprised between 10%
wt and 90% wt and
II. a nanofiber hydrogel scaffold.

2. The bioactive implant of claim 1, wherein said nanofiber hydrogel scaffold include natural molecules selected from
the group consisting of protein, peptide, oligosaccharide, polysaccharide, or proteoglycan derived matrices such as
collagens, fibrins, alginates, chitosans, hyaluronic acid and/or synthetic molecules that will develop into a nanofiber
network with gel/hydrogel properties, selected from the group consisting of a.peptide nanofiber hydrogel scaffolds
such as peptide AcN-RADARADARADARADA-COONH2.

3. The bioactive implant of claim 1 or 2, additionally comprising myogenic or cardiomyogenic cells.

4. The bioactive implant of claim 3, wherein the cells are selected from the group consisting of skeletal myoblasts,
smooth muscle cells, fetal and neonatal cardiomyocytes, adult ventricular cardiomyocytes, cardiospheres and ep-
icardial progenitors.

5. The bioactive implant of claim 1 or 2, additionally comprising angiogenic cells.

6. The bioactive implant of claim 5, wherein the cells are selected from the group consisting of bone marrow and
peripheral blood mononuclear fraction, bone marrow and peripheral blood endothelial progenitors, endothelial cells,
mesothelial cells from omentum, adipocyte derived stem cells, stem cells from adipose epicardial tissue and multipo-
tent menstrual blood stromal cells.

7. The bioactive implant of claim 1 or 2, wherein the elastomeric microporous scaffold membrane is surface-treated
to graft adhesion molecules selected from the group consisting of functional peptides such as RGD peptides, func-
tional sugars or lipids, and proteins such as laminin or laminin fragments.
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8. The bioactive implant of claim 1 or 2, wherein the nanoporous or nanofiber hydrogel scaffold is a natural polymer
selected from the group consisting of collagen, alginate, chitosan, self assembling peptide, hyaluronic acid or fibrin.
This natural polymer gel either completely fills the pores of the elastomer membrane, or forms a layer coating the
inner surfaces of the membrane’s pores.

9. The bioactive implant of claim 1 or 2, wherein the composition of the bioactive implant has a percentage of non-
degradable versus degradable polymer, which ranges from 10% wt to 48% wt.

10. The bioactive implant of claim 1 or 2, additionally comprising pacing electrodes for synchronous electrostimulation
or electrophysiological treatments such as defibrillation and resynchronization.

11. The bioactive implant of claim 1 or 2, additionally comprising labels such as dies, microspheres, radioisotopes, iron-
particles, for evaluation of biodegradation, integration, proliferation, differentiation and/or function, using radiologic,
ultrasound-echocardiographic, radioisotopic, metabolic, RMI, CT Scan or bio-luminescence-fluorescence methods.

12. The bioactive implant of claim 1 or 2, additionally comprising a system for the controlled release or absorbance of
active molecules selected from the group consisting of small organic molecules, peptides, lipids, sugars, proteins,
proteoglycans having angiogenic, antiangiogenic, pro-regenerative, anti-regenerative, apoptotic, neucrotic, antiap-
optotic and antinecrotic activity, such as VEGF, IL-6, IL-10, IGF-1, FGF-2, HBEGF and bFGF.

13. The bioactive implant of claim 1 or 2, additionally comprising cytokines and angiogenic antiapoptotic peptides.

14. The bioactive implant of claim 1 or 2, having two helical loops of non degradable biostable synthetic polymers so
as for the implant to present a conical shape.

15. A method for preparing the bioactive implant of claim 3 or5, comprising the following steps:

- an elastomeric microporous scaffold membrane in accordance with claim 1 is filled with a peptide nanofiber
hydrogel scaffold, so as to obtain a bioactive construct;
- said construct is cultured under biophysical, mechanical conditions.

16. The method of claim 15, additionally comprising seeding or implanting cells onto or into said bioactive construct
using the following methods: mechanical (shaking, centrifugation), chemical (electrophoresis), physical (electropo-
ration).

17. The method of claim 16, wherein said method are selected from the group consisting of shaking, centrifugation,
electrophoresis and electroporation.

18. A method for preparing the bioactive implant of claim 3 or 5, comprising the steps of:

a. obtaining myogenic, cardiomyogenic or angiogenic cells;
b. culturing said cells in vitro;
c. mixing said cells with a peptide nanofiber hydrogel scaffold;
d. filling an elastomeric microporous scaffold membrane in accordance with claim 1 with said peptide nanofiber
hydrogel scaffold of step c, so as to obtain a bioactive construct.

19. Method according to claim 18 further comprising a step e that is culturing said bioactive construct under local in-
vitro electrostimulation.

20. The method of claim 18, wherein lowered oxygen tension is used during step b.

21. The method of claim 18, wherein the bioactive implant is manufactured so as to be adapted to left ventricular and/or
right ventricular support and regeneration, for partial or complete ventricular wrappings.

Patentansprüche

1. Bioaktives Implantat zur Myokardregeneration und ventrikulären Kammerunterstützung, umfassend:
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I. eine elastomere mikroporöse Gerüst-Membran umfassend mindestens ein nicht abbaubares synthetisches
Polymer, ein teilweise abbaubares synthetisches Polymer, und Nanofasem-Biomaterialien, wobei die Membran
eine Porosität zwischen 70% und 90% aufweist, wobei die Poren miteinander verbunden sind und einen Durch-
messer zwischen 80 Mikron und 150 Mikron aufweisen, wobei

a. das nicht abbaubare synthetische Polymer aus der Gruppe bestehend aus Polyethylacrylat und mit einem
10 Gew.-% oder 20 Gew.-% Hydroxyethylacrylat-Comonomer copolymerisiertem Polyethylacrylat ausge-
wählt ist; und
b. das teilweise abbaubare synthetische Polymer aus der Gruppe bestehend aus Caprolacton-2-(methacry-
loyloxy)ethylester oder mit Ethylacrylat copolymerisiertem Caprolacton-2-(methacryloyloxy)ethylester bei
Gewichtsverhältnissen des Ethylacrylat-Comonomers zwischen 30% und 80% ausgewählt ist,

wobei der Anteil von nicht abbaubarem Polymer zu abbaubarem Polymer zwischen 10 Gew.-% und 90 Gew.-
% liegt, und
II. ein Nanofaser-Hydrogel Gerüst.

2. Bioaktives Implantat nach Anspruch 1, wobei das Nanofaser-Hydrogel Gerüst natürliche Moleküle, ausgewählt aus
der Gruppe bestehend aus Protein, Peptid, Oligosaccharid, Polysaccharid, oder von Proteoglykan abgeleiteten
Matrizen wie Kollagenen, Fibrinen, Alginaten, Chitosanen, Hyaluronsäure, und/oder synthetische Moleküle umfasst,
die ein Nanofaser-Gerüst mit Gel/Hydrogel Eigenschaften ausbilden, ausgewählt aus der Gruppe bestehend aus
einem Peptid Nanofaser-Hydrogel Gerüst wie etwa dem Peptid AcN-RADARADARADARADA-COONH2.

3. Bioaktives Implantat nach Anspruch 1 oder 2, zusätzlich umfassend myogene oder cardiomyogene Zellen.

4. Bioaktives Implantat nach Anspruch 3, wobei die Zellen ausgewählt sind aus der Gruppe bestehend aus Skelett-
myoblasten, glatten Muskelzellen, fötalen und neonatalen Cardiomyozyten, adulten ventrikulären Cardiomyozyten,
Cardiosphären und epikardialen Vorläuferzellen.

5. Bioaktives Implantat nach Anspruch 1 oder 2, zusätzlich umfassend angiogene Zellen.

6. Bioaktives Implantat nach Anspruch 5, wobei die Zellen ausgewählt sind aus der Gruppe bestehend aus Knochen-
mark und mononuklearer Zellenfraktion des peripheren Blutes, Knochenmark und endothelialen Vorläuferzellen
des peripheren Blutes, endothelialen Zellen, mesothelialen Zellen aus dem Omentum, aus Adipozyten abgeleiteten
Stammzellen, Stammzellen aus epikardialem Fettgewebe und multipotenten Stromazellen des Menstruationsblutes.

7. Bioaktives Implantat nach Anspruch 1 oder 2, wobei die elastomere mikroporöse Gerüst-Membran zum Aufpfropfen
von Adhäsionsmolekülen, die aus der Gruppe bestehend aus funktionalen Peptiden wie etwa RGD Peptiden, funk-
tionalen Zuckern oder Lipiden, und Proteinen wie etwa Laminin oder Laminin Fragmenten ausgewählt sind, ober-
flächenbehandelt ist.

8. Bioaktives Implantat nach Anspruch 1 oder 2, wobei das nanoporöse oder Nanofaser-Hydrogel Gerüst ein natürliches
Polymer ausgewählt aus der Gruppe bestehend aus Kollagen, Alginat, Chitosan, selbst-organisierendem Peptid,
Hyaluronsäure oder Fibrin ist, wobei das natürliche Polymergel entweder die Poren der elastomeren Membran
komplett füllt oder eine Schicht bildet, die die inneren Flächen der Poren der Membran überzieht.

9. Bioaktives Implantat nach Anspruch 1 oder 2, wobei die Zusammensetzung des bioaktiven Implantats einen Anteil
von nicht-abbaubarem gegenüber abbaubarem Polymer von 10 Gew.-% bis 48 Gew.-% aufweist.

10. Bioaktives Implantat nach Anspruch 1 oder 2, zusätzlich umfassend Schrittmacherelektroden zur synchronen Elek-
trostimulierung oder für elektrophysiologische Behandlungen wie etwa Defibrillation und Resynchronisierung.

11. Bioaktives Implantat nach Anspruch 1 oder 2, zusätzlich umfassend Label wie etwa Farbstoffe, Mikrosphären,
Radioisotopen, Eisenpartikel zur Evaluierung von Bioabbau, Integration, Proliferation, Differenzierung und/oder
Funktion, unter Verwendung von radiologischen, Ultraschall-echokardiographischen, radioisotopischen, metaboli-
schen, RMI, CT Scan oder Bio-Lumineszenz-Fluoreszenz Verfahren.

12. Bioaktives Implantat nach Anspruch 1 oder 2, zusätzlich umfassend ein System zur kontrollierten Freisetzung oder
Absorption von aktiven Molekülen ausgewählt aus der Gruppe bestehend aus kleinen organischen Molekülen,
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Peptiden, Lipiden, Zuckern, Proteinen, Proteoglykanen mit angiogener, antiangiogener, proregenerativer, antirege-
nerativer, apoptotischer, nektrotischer, antiapoptotischer und antinekrotischer Aktivität, wie etwa VEGF, IL-8, IL-10,
IGF-1, FGF-2, HBEGF und bFGF.

13. Bioaktives Implantat nach Anspruch 1 oder 2, zusätzlich umfassend Zytokine und angiogene antiapoptotische Pep-
tide.

14. Bioaktives Implantat nach Anspruch 1 oder 2, welches zwei spiralförmige Loops von nicht abbaubaren biostabilen
synthetischen Polymeren umfasst, so dass das Implantat eine konische Form aufweist.

15. Verfahren zum Herstellen eines bioaktiven Implantats nach Anspruch 3 oder 5, umfassend folgende Schritte:

- eine elastomere mikroporöse Gerüst-Membran gemäß Anspruch 1 wird mit einem Peptid Nanofaser-Hydrogel
Gerüst aufgefüllt, um ein bioaktives Konstrukt zu erhalten;
- das Konstrukt wird unter biophysischen, mechanischen Bedingungen kultiviert.

16. Verfahren nach Anspruch 15, zusätzlich umfassend das Besiedeln oder Implantieren von Zellen auf oder in das
bioaktive Konstrukt unter Verwendung von mechanischen (Schütteln, Zentrifugation), chemischen (Elektrophorese)
oder physikalischen (Elektroporation) Verfahren.

17. Verfahren nach Anspruch 16, wobei das Verfahren ausgewählt ist aus der Gruppe bestehend aus Schütteln, Zen-
trifugation, Elektrophorese und Elektroporation.

18. Verfahren zum Herstellen eines bioaktiven Implantats nach Anspruch 3 oder 5, umfassend folgende Schritte:

a. Erhalten von myogenen, cardiomyogenen oder angiogenen Zellen;
b. Kultivieren der Zellen in-vitro;
c. Mischen der Zellen mit einem Peptid Nanofaser-Hydrogel Gerüst;
d. Füllen einer elastomeren mikroporösen Gerüst-Membran mit dem Peptid Nanofaser-Hydrogel Gerüst von
Stufe c, um ein bioaktives Konstrukt zu erhalten.

19. Verfahren nach Anspruch 18, zusätzlich umfassend eine Stufe e, nämlich das Kultivieren des bioaktiven Konstrukts
bei lokaler in-vitro Elektrostimulierung.

20. Verfahren nach Anspruch 18, wobei ein reduzierter Sauerstoff-Partialdruck in Stufe b verwendet wird.

21. Verfahren nach Anspruch 18, wobei das bioaktive Implantat so hergestellt wird, dass es für eine links-ventrikuläre
und/oder rechts-ventrikuläre Unterstützung und Regeneration geeignet ist, für partielle oder komplette ventrikuläre
Umhüllungen.

Revendications

1. Implant bioactif destiné à la régénération du myocarde et au soutien des chambres ventriculaires, comprenant :

I. une membrane d’échafaudage microporeuse en élastomère comprenant au moins un polymère synthétique
non dégradable, un polymère synthétique partiellement dégradable, et des biomatériaux à base de nanofibres,
ladite membrane ayant une porosité comprise entre 70 % et 90 %, les pores étant interconnectés et ayant des
diamètres compris entre 80 microns et 150 microns, dans laquelle

a. ledit polymère synthétique non dégradable est sélectionné dans le groupe consistant en le polyacrylate
d’éthyle et le polyacrylate d’éthyle copolymérisé avec un comonomère d’acrylate d’hydroxyéthyle à 10 %
pt ou 20 % pt ; et
b. ledit polymère synthétique partiellement dégradable est sélectionné dans le groupe consistant en l’ester
de caprolactone 2-méthacryloyloxyéthyle ou l’ester de caprolactone 2-méthacryloyloxyéthyle copolymérisé
avec de l’acrylate d’éthyle selon des proportions en poids de ce dernier comonomère comprises entre 30
% et 80 %,
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où le pourcentage des polymères non dégradables versus les polymères dégradables est compris entre 10 %
pt et 90 % pt et
II. un échafaudage d’hydrogel à base de nanofibres.

2. Implant bioactif selon la revendication 1, dans lequel ledit échafaudage d’hydrogel à base de nanofibres comprend
des molécules naturelles sélectionnées dans le groupe consistant en des matrices dérivées d’une protéine, d’un
peptide, d’un oligosaccharide, d’un polysaccharide, ou d’un protéoglycane comme des collagènes, des fibrines, des
alginates, des chitosans, l’acide hyaluronique et/ou des molécules synthétiques qui se développeront en un réseau
de nanofibres ayant les propriétés d’un gel/hydrogel, sélectionnées dans le groupe consistant en des échafaudages
d’hydrogel à base de nanofibres peptidiques comme le peptide AcN-RADARADARADARADA-COONH2.

3. Implant bioactif selon la revendication 1 ou 2, comprenant en outre des cellules myogéniques ou cardiomyogéniques.

4. Implant bioactif selon la revendication 3, dans lequel les cellules sont sélectionnées dans le groupe consistant en
des myoblastes squelettiques, des cellules musculaires lisses, des cardiomyocytes foetaux et néonataux, des car-
diomyocytes ventriculaires adultes, des cardiosphères et des cellules progénitrices épicardiques.

5. Implant bioactif selon la revendication 1 ou 2, comprenant en outre des cellules angiogéniques.

6. Implant bioactif selon la revendication 5, dans lequel les cellules sont sélectionnées dans le groupe consistant en
une fraction de cellules de la moelle osseuse et de cellules mononucléaires du sang périphérique, des cellules
progénitrices endothéliales de la moelle osseuse et du sang périphérique, des cellules endothéliales, des cellules
mésothéliales de l’épiploon, des cellules souches dérivées d’adipocytes, des cellules souches du tissu adipeux
épicardique et des cellules stromales multipotentes du sang menstruel.

7. Implant bioactif selon la revendication 1 ou 2, dans lequel la membrane d’échafaudage microporeuse en élastomère
est soumise à un traitement de surface afin de greffer des molécules d’adhésion sélectionnées dans le groupe
consistant en des peptides fonctionnels comme des peptides RGD, des sucres ou des lipides fonctionnels, et des
protéines comme la laminine ou des fragments de laminine.

8. Implant bioactif selon la revendication 1 ou 2, dans lequel l’échafaudage d’hydrogel nanoporeux ou à base de
nanofibres est un polymère naturel sélectionné dans le groupe consistant en le collagène, l’alginate, le chitosan,
un peptide ayant une aptitude d’auto-assemblage, l’acide hyaluronique ou la fibrine. Ce gel de polymère naturel
remplissant complètement les pores de la membrane en élastomère ou formant une couche recouvrant les surfaces
internes des pores de la membrane.

9. Implant bioactif selon la revendication 1 ou 2, où la composition de l’implant bioactif possède un pourcentage de
polymère non dégradable versus dégradable qui est compris entre 10 % pt et 48 % pt .

10. Implant bioactif selon la revendication 1 ou 2, comprenant en outre des électrodes de stimulation pour permettre
une électrostimulation synchrone ou des traitements électrophysiologiques comme la défibrillation et la resynchro-
nisation.

11. Implant bioactif selon la revendication 1 ou 2, comprenant en outre des marqueurs comme des colorants, des
microsphères, des radio-isotopes, des particules de fer, pour permettre une évaluation de la biodégradation, l’inté-
gration, la prolifération, la différenciation et/ou la fonction, en utilisant des procédés radiologiques, par ultrasonsé-
chocardiographiques, par radio-isotope, métaboliques, par IRM, par tomodensitométrie ou par bio-luminescence-
fluorescence.

12. Implant bioactif selon la revendication 1 ou 2, comprenant en outre un système pour la libération contrôlée ou
l’absorbance de molécules actives sélectionnées dans le groupe consistant en des petites molécules organiques,
des peptides, des lipides, des sucres, des protéines, des protéoglycanes ayant une activité angiogénique, anti-
angiogénique, pro-régénérative, anti-régénérative, apoptotique, nécrotique, anti-apoptotique et anti-nécrotique,
comme le VEGF, l’IL-6, l’IL-10, l’IGF-1, le FGF-2, l’HB-EGF et le bFGF.

13. Implant bioactif selon la revendication 1 ou 2, comprenant en outre des cytokines et des peptides anti-apoptotiques
angiogéniques.
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14. Implant bioactif selon la revendication 1 ou 2, comportant deux boucles hélicoïdales de polymères synthétiques
biostables non dégradables de sorte que l’implant présente une forme conique.

15. Procédé de préparation de l’implant bioactif selon la revendication 3 ou 5, comprenant les étapes suivantes :

- une membrane d’échafaudage microporeuse en élastomère selon la revendication 1 est remplie avec un
échafaudage d’hydrogel à base de nanofibres peptidiques, de sorte à obtenir une construction bioactive ;
- ladite construction est mise en culture dans des conditions biophysiques et mécaniques.

16. Procédé selon la revendication 15, comprenant en outre un ensemencement ou une implantation de cellules sur
ou dans ladite construction bioactive en utilisant les procédés suivants : mécanique (agitation, centrifugation), chi-
mique (électrophorèse), physique (électroporation).

17. Procédé selon la revendication 16, où lesdits procédés sont sélectionnés dans le groupe consistant en une agitation,
une centrifugation, une électrophorèse et une électroporation.

18. Procédé de préparation de l’implant bioactif selon la revendication 3 ou 5, comprenant les étapes qui consistent à :

a. obtenir des cellules myogéniques, cardiomyogéniques ou angiogéniques ;
b. mettre lesdites cellules en culture in vitro ;
c. mélanger lesdites cellules avec un échafaudage d’hydrogel à base de nanofibres peptidiques ;
d. remplir une membrane d’échafaudage microporeuse en élastomère avec ledit échafaudage d’hydrogel à
base de nanofibres peptidiques de l’étape c, de sorte à obtenir une construction bioactive.

19. Procédé selon la revendication 18, comprenant en outre une étape e qui est une mise en culture de ladite construction
bioactive sous une électrostimulation locale in vitro.

20. Procédé selon la revendication 18, dans lequel une tension en oxygène réduite est utilisée pendant l’étape b.

21. Procédé selon la revendication 18, dans lequel l’implant bioactif est fabriqué de sorte à être adapté au soutien et à
la régénération du ventricule gauche et/ou du ventricule droit, pour des enveloppements (wrappings) ventriculaires
partiels ou complets.
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