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The ischemia-induced death of cardiomyocytes results in scar
formation and reduced contractility of the ventricle. Several
preclinical and clinical studies have supported the notion that
cell therapy may be used for cardiac regeneration. Most
attempts for cardiomyoplasty have considered the bone marrow
as the Source of the "repair stem cell(s)," assuming that the
hematopoietic stem cell can do the work. However, bone
marrow is also the residence of other progenitor cells, Including
mesenchymal stem cells (MSCs). Since 1995 it has been known
that under in vitro conditions, MSCs differentiate into cells
eXhibiting features of cardiomyocytes. This pioneer work was
fOllowed by many preclinical studies that revealed that ex vivo
expanded, bone marrow-derived MSCs may represent another
OPtion for cardiac regeneration. In this work, we review evidence
and new prospects that support the use of MSCs in cardiomyo-
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M yocardial dysfunction resulting from atherosclero-
sis-related myocardial infarction (MI) is a wide-
spread and important cause of morbidity and

mortality among adults. Due to scar- and ischemia-related
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postinfarction events, clinical manifestations are enormous
and heterogeneous. The damaged left ventricle undergoes
progressive "remodeling" and chamber dilation, with
myocyte slippage and fibroblast proliferation. These events
reflect an apparent lack of effective intrinsic mechanisms for
myocardial repair and regeneration. Unless deep (and still
unknown) modifications are introduced in the area prox-
imate to the damage to force the proliferation of resident
cardiac progenitor cells (1-3), all restorative therapies must
consider the use of exogenous multipotent stem cells
capable to differentiate, at least, into cardiomyocytes (4-
6). From this point of view, bone marrow-located stem cells
have been considered to display the required biologic
properties for a cell therapy approach to treat patients with
MI (7,8).

With the use of animal models, a near normalization of
ventricular function after acute MI was observed after
injection of bone marrow-derived precursor cells (9).
However, it was not made clear whether the beneficial effect
produced by the graft was elicited by hematopoietic stem
cells, precursors for cardiomyocytes, and/or endothelial cells,
or was simply due to contamination with other unidentified
cells. On the other hand, the use of unfractionated sheep bone
marrow did not result in any beneficial effect in the
chronically infarcted myocardium (10).

In addition to the use of bone marrow-derived
hematopoietic precursor cells, cellular, molecular, and
preclinical data have shown that bone marrow-derived
mesenchymal stem cells represent a suitable cell archetype
for regenerative purposes after MI. In this review, we will
analyze the experimental evidence that warrants the
utilization of mesenchymal stem cells (MSCs) in the
treatment of MI.
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Biologic Features of MSCs
Under proper stimulation, MSCs can be induced to

differentiate into. adipocytes, osteoblasts, chondrocytes,
tenocytes, myocytes, and hematopoietic-supporting stroma
(11-14). Furthermore, MSCs may also give rise to other
lineages such as endothelial, kidney, and neural, revealing a
high degree of plasticity (15-17). MSCs that are isolated
from several human sources, including bone marrow and
peripheral and umbilical cord blood, exhibit a high ex vivo
expansion capacity. This property has been used to assess
the biologic properties of MSCs (11, 12, 18-20) to perform
transfection with viral vectors (21, 22) and initiate studies
toward the use of MSCs in clinical strategies (23, 24).

The promising therapeutic effect(s) of MSCs relies on
their capacity to engraft and survive long term in distinctive
target tissue. Using animal models, it has been demonstrated
that after the syngeneic and/or xenogeneic transplantation of
MSCs, donor cells engraft into the various mesenchymal
tissue of the recipient animal (25-28).

Differentiation of MSCs to Cells of the
Cardiovascular Tissue

Data from a number of laboratories have shown that
MSCs, once exposed to a variety of physiologic or
nonphysiologic stimuli, differentiate into cells displaying
several features of cardiomyocytes-like cells (Table 1).
Under these conditions, ex vivo differentiated MSCs exhibit
a myotube-like structure and a time-dependent competence
to synchronously beat. In tum, electron microscopic
analysis revealed a cardiomyocytes-like ultrastructure in-
cluding typical sarcomeres, a centrally positioned nucleus,
and atrial granules. These cells show several functional
features of a developing cardiomyocyte including the
production of peptides and the expression of multiple
structural and contractile proteins. They also display, at
least, sinus node-like and ventricular cell-like action
potentials (29-31, 36, 38, 43, 45-47).

Both well-defined mediators and direct cell-to-cell
contacts induce the differentiation of MSCs into cardio-
myocytes, Thus, by co-culturing human MSCs with human
cardiomyocytes, it was demonstrated that the stem cell
acquired a cardiomyocytes-like phenotype characterized by
the expression of myosin heavy chain, beta-actin, and
troponin T. However, when MSCs were incubated with a
cardiomyocyte-conditioned medium, only beta-actin ex-
pression was observed. Thus, it seems that direct cell-to-cell
contact is obligatory in relaying "cardiac environmental or
microenvironmental" signals for MSC differentiation into a
cardiomyogenic lineage (37, 39). Furthermore, human
MSCs exhibit cell-to-cell coupling to each other and to
ventricular myocytes via specific gap junctions (42,48). The
observation that atrial and ventricular cardiac myocytes in
culture (49) exhibit remarkable cellular and molecular
similarities with the cardiomyocytes-like c~JI differentiated
from the MSC represents an important step for a better

comprehension of the intercellular cross-talk between
primary adult and MSC-derived cardiomyocytes. Similarly,
the understanding of mechanisms involved in endothelin
peptide and angiogenic growth factor production by
myofibroblasts (50, 51) could be helpful for developing
new therapeutic interventions in cardiac tissue repair/
remodeling.

Reports have shown that MSCs differentiate not only
into cardiomyocytes, but also into vascular smooth muscle
cells/pericytes (vSMC/PC) progenitors and endothelial cells.
These cell types are involved in the development of vascular
systems, including angiogenic sprouting and vessel enlarge-
ment. Previous data have shown that de novo formation of
vSMC/PC occurs after the differentiation of perivascular
mesenchymal cells, in a platelet-derived growth factor B
(pDGF-B)-dependent process (52). In tum, after the
intramyocardial injection of MSCs, histopathologic and
immunohistochemical analyses revealed the differentiation
of infused cells into cardiomyocytes, vSMC/pC, and
endothelial cells (53, 54).

Concomitantly, an increase in vessel density was
observed (54). Similarly, in dogs with chronic ischemia
the intramyocardial injection of MSCs resulted in increased
vascularity and improved cardiac function. An immuno-
fluorescence analysis revealed a co-localization of MSCs
with endothelial and smooth muscle cells, but not with
myocytes (55).

Thus, these data strongly suggests that MSCs supply an
ideal donor source of a vast repertoire of cardiovascular
cells for patients after MI. The mechanisms underlying
MSC differentiation to cardiovascular cells, and subsequent
improvement in neovascularization and cardiac function,
involve the paracrine secretion of growth factors by MSCs
(56-59). Such relationships between specific growth factors
and MSC development are not without precedent. We have
demonstrated that FGF2, a mostly mitogenic protein, is
produced by MSCs and stimulates sustained quiescence and
proliferation in uncommitted and committed MSCs, respec-
tively (60). Uncommitted MSCs represent the small pool of
quiescent precursors which, on commitment and maturation,
give raise to the vast range of terminally differentiated
mesenchymal lineages (20, 61).

The statement that MSCs have the competence to
differentiate into several cardiac phenotypes is based, in
most cases, on immunohistologic analysis of frozen tissue
samples showing the co-localization of lineage-specific
markers in fixed cells. Until now, it has not been
conclusively demonstrated that the claimed immunopheno-
type(s) detected in the recipient heart after MSC infusion
represent the bona fide revelation for myogenic and/or
vascular lineage differentiation and not artifacts. Similar
issues have been extensively discussed after methodologic
development in the field of bone marrow stem-cell plasticity
(8). Thus, evolving studies on the differentiation of MSCs
into cardiac cells must be performed by a suitably
methodologic analysis that ensures accurate, reproducible,
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and sustained data. This will help avoid redundant
controversy such as the transdifferentiation of marrow
hematopoietic stem cells into cardiac phenotypes and the
subsequent effect on myocardium regeneration (62, 63).

Preclinical Studies
Experimental studies performed in rodent, sheep, dog,

swine, or monkey infarct models have shown that cardiac
transplantation of a number of cell types is feasible and
contributes to the improvement of the contractile perform-
ance of the infarcted myocardium (6, 10, 64, 65). Cell types
included a source of autologous, unpurified bone marrow,
bone marrow mononuclear cells, purified bone marrow-
derived cells (CD34+ and/or CD113~, cardiomyocytes,
fibroblasts, and myoblasts. Despite variations in the infusion
procedure (intramyocardial, intracoronary, or intravenous),
the number of injected cells, and the cardiac condition of the
receptor, an immune or toxic response was not detected after
transplantation.

Bone marrow-derived MSCs have also been consid-
ered as potential candidates for cellular therapy for heart
diseases. The promising effects of MSC infusion rely on
their proven capacity to lodge and populate recipient tissue
in a time-dependent and tissue-specific manner (27, 66).
Because cardiac tissue was a preferred destination site (28,
67), these results put forward the concept that MSC infusion
may play a significant role in the pathophysiology of
postinfarct remodeling, angiogenesis, and maturation of the
scar (68). In this regard, preclinical data have shown that
after intracoronary or intramyocardial infusion, engrafted
MSCs persisted in the myocardium and underwent a milieu-
dependent (microenvironment) cardiomyogenic differentia-
tion. Engrafted cells displayed de novo expression of
cardiomyocyte markers, like beta-myosin heavy chain,
alpha-actinin, cardiac troponin T, and phospholamban.
Furthermore, engrafted cells develop into myofibers con-
taining striated sarcomeric myosin heavy chain and cell-to-
cell junctions (5, 33,41,69-71).

Because the pig heart is anatomically similar to the
human heart, it has been selected as a model for studies
related to MI and general cardiovascular studies (72). By
using this model, it has been possible to gain valuable
information on the tracking of injected MSCs into normal
and infarcted myocardium and the resulting cardiac effects
after immediate and long-term engraftment. With the help of
magnetic resonance fluoroscopy, investigators have identi-
fied target sites like the border between infarcted and normal
tissue, to guide intramyocardial MSC injections. In addition,
iron fluorophore-particle labeling of infused MSCs has
permitted their detection in the beating heart after trans-
plantation, both" in the normal and the infarcted pig
myocardium (73-75). Using the swine model, it was
established that 2 weeks after intramyocardial implantation,
robust engraftment of labeled MSCs had occurred and was
associated with the coexpression of several muscle-specific

proteins. This observation suggests that MSC differentiation
into cardiomyocytes-like cells was followed, 2 weeks later,
by a significant attenuation of contractile dysfunction.
Concurrently, wall thinning was remarkably reduced (76).

During cardiomyoplasty, an important issue to consider
is related to the optimization of safety and feasible
procedures for cell delivery. Using large animal models
(i.e., sheep, dogs, swine), most authors have demonstrated
that the intramyocardial infusion of progenitor cells across
the infarcted area is safe and feasible. In the case of MSCs
and using the pig model, the intramyocardial injection of
cells (range: 104_108

) proved to be safe and produce neither
detectable immune nor other toxicity responses (32, 73-76).
Further evidence for the procedural safety of the intra-
myocardial injection of MSCs was established in a canine
chronic ischemia model (54). It was demonstrated that dogs
undergoing intramyocardial injections of MSCs (l X 108

total cells) survived the procedure without complications
and without showing signs of arrhythmias, the heart's ST-T
wave changes, or onset of Q waves. Moreover, myocardial
damage was excluded because creatine kinase (CK)-MB
and troponin I levels, after an initial mild increase,
decreased to baseline levels. In tum, histopathologic
analysis revealed no MI. However, the safety of the
intramyocardial injection of MSCs has been challenged. A
recent study revealed that acute myocardial ischemia and
subacute myocardial microinfarction occurred after the
intracoronary arterial administration of canine MSCs (-10
X 106) to normal dogs (77). According to this study, the
primary insult for the development of these profound
cardiac changes was the onset of an ischemic condition due
to vascular occlusion brought out by the large size (l8l!-
20l!) of the MSCs. Because a control group of catheterized
dogs not receiving cells was not included in this influential
study, it is difficult to establish whether cell diameter, the
catheterization procedure per se, or other factors (78) was
instrumental in the onset of myocardial ischemia and
microinfarction. Vulliet's results run contrary to a growing
body of evidence, including studies in humans, on the safety
and effectiveness of the intracoronary infusion of stem cells
(79, 80).

The impact that these preclinical studies might have in
MI patients is difficult to assess. In terms of procedural
safety, one may assume that the dependable security data
unveiled by the swine studies may be relevant to humans.
However, there is no doubt that more studies are required
(81). In terms of effectiveness, results unveiling a time-
dependent retention, engraftment, migration, and differ-
entiation strengthen the concept that MSC transplantation is
an alternative therapy for ischemic heart failure.

Clinical Studies
In the last 3 years, several clinical trials have been

initiated to assess the effect of transplantation of autologous
cells in myocardial-regeneration after acute MI. In most of
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these studies, the source of "repairing" cells has been the
heterogeneous fraction of bone marrow cells, named bone
marrow-derived mononuclear cells (BM-MNCs). BM-
MNCs contain at least several subpopulations of lyrnpho-
cytes, early myeloid cells, endothelial progenitors, and an
extremely low number of hematopoietic and/or MSCs. In
addition to this source of "repairing" cells, more purified
fractions of marrow cells, like those enriched in CD34+ or
CD133+progenitors as well as skeletal myoblasts, have also
been used for severe postinfarction left ventricular dysfunc-
tion. In all cases, the "autologous repair cell" has been
administered by intracoronary, intramyocardial, or trans-
epicardial procedures. Results have shown that the implan-
tation procedure is safe, feasible, and effective in terms of
improving the perfusion rate of the infarcted myocardium
(79, 80, 82-87). The latter has been, in most cases,
attributed to angiogenic events elicited either by the
endothelial progenitors present in the BM-MNCs (51, 88-
90) and/or by secreted angiogenic cytokines (91-94).
Despite the accumulated information regarding MSC differ-
entiation and utilization in animal models, there are few
clinical trials assessing their "cardiac functional effective-
ness" in patients with myocardium infarct.

Recently, Chen et al. (95) conducted a randomized
stUdy to investigate the effectiveness of intracoronary
injection of MSCs in patients with acute MI. After occlusion
of the infarct-related coronary artery, a suspension of
autologous MSCs was directly injected into the target
coronary artery through an inflated, over-the-wire balloon
catheter. Cardiographic evaluation demonstrated significant
Variation in the group of patients that received MSCs in
Comparison to controls. The percentage of hypokinetic,
akinetic, and dyskinetic segments decreased in treated
patients, while wall movement velocity over the infarcted
region and left-ventricular ejection fraction increased
significantly in the MSC group. The report by Chen et al.
(95) demonstrates a significant and sustained improvement
in global left-ventricular ejection fraction, even larger than
that detected after infusion of hematopoietic cells (80),
Suggesting that MSC infusion triggers in the human heart
the formation of new cardiomyocytes and neoangiogenesis
(41). In addition, it provided evidence that the intracoronary
infusion of MSCs does not produce any cell size-related
adverse effect, as previously reported (77, 96).

In a prospective, nonrandomized, clinical, phase 1 trial
initiated at our institution, we assessed the feasibility, safety,
and effectiveness of the intramyocardial injection of a
mixture of autologous MSCs and MNCs to patients during
coronary artery bypass grafting (CABG) surgery. Patients
with MI and candidates for CABG for persistent ischemia
Were enrolled in this study. Bone marrow was aspirated
from the patients (study group) and processed for isolation
and expansion of MSCs (12). A second bone marrow
aspirate was taken (study group) on the day of surgery and
Used to prepare the MNCs. Once all bypass-to-coronary-
artery anastomoses had been completed, a mixture of MSCs

and MNCs was injected along the circumference of the
infarct border. All patients survived the procedure and did
not manifest operative complications. Unexpected increases
in serum markers after cell infusion were not detected. Four
months after surgery, a cardiac magnetic resonance imaging
analysis revealed that global left-ventricular ejection
fraction was increased in patients who received the cell
infusion as compared with baseline values and with control
patients. Furthermore, cell-treated patients displayed a
significant reduction in MI volume. Despite the limited
number of patients and the complexity in separating the
effects of surgery from those produced by the cell infusion,
these results suggest that infusion of a mixture of autologous
MSCs and BM-MNCs is feasible, safe, and most likely
favorable (Florenzano and Minguell, unpublished data).

The rationale for using a' mixture of "repair cells"
instead of a single cell type lies in the following
foundations. First, BM-derived MNCs represent an impor-
tant source of endothelial progenitors (51, 90). Clinical data
have shown that the implantation of MNCs to MI patients
(79), as well as to patients with ischemic limbs (97), was
effective in promoting therapeutic angiogenesis. Second, as
discussed earlier, MSCs have the capability to differentiate
into cardiomyocyte-like cells. Third, MSCs produce angio-
genic growth factors like basic fibroblast growth factor,
vascular endothelial growth factor, and stem-cell homing
factor (57,60,98-100). Therefore, the co-transplantation of
MSCs and MNCs may result in the enhancement of both
cardiomiogenesis and angiogenesis. Myocardial co-trans-
plantation of MSCs with other cells is not without
precedent; results have shown that intramyocardial trans-
plantation of MSCs either with fetal cardiomyocytes or bone
marrow cells resulted in a marked increase in myocardial
regeneration. The latter was probably due to triggering
cellular and molecular events associated with neocardio-
myogenesis, neoangiogenesis, and/or nerve sprouting and
atrial sympathetic hyperinnervation (32, 101).

Additional Prospects for MSC Therapy in
Myocardial Diseases

Human Cord Blood Mesenchymal Stem Cells.
Embrionary development requires specific proliferation

and differentiation genetic programs supported by a broad
spectrum of fetal stem cells (19, 102-104). Fetal stem cells
have migratory properties and use fetal circulation as a
vehicle to target new tissue in formation (105, 106). In
addition, this migratory capacity includes the circulation of
fetal stem cells in maternal blood where they can be detected
long after pregnancy (107, 108).

Hematopoietic activity is supported by hematopoietic
stem cells (HSCs) which, in succession, home fetal liver,
spleen, and bone marrow. By using early circulation, HSCs
migrate from one hemopoietic tissue to the next, finally
reaching the bone marrow where HSCs settle and persist
during adult life (106, 109-111). Marrow stromal cells also
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Table 2. MSCs and the Allogeneic Immune Cell Responses

Comments for MSC involvement References

MSC auto/allo transplant security issues
Lymphocyte alloreactivity

APC function

Lysis by cytotoxic T and NK cells

Induction tolerogenic response to
allogeneic tissue

GVHD after BM-allotransplants

Tumor growth

Cells home and survive in recipient, no adverse reactions
Suppress proliferation of allogenic lymphocytes, alloreactive

T cells and B cell proliferation (by MSC-soluble factors),
suppression via release of indoleamine 2,3-dioxygenase
and activation of apoptosis

Inhibit: maturation APC/DCs; differentiation/function of
monocyte-derived DCs; alloantigen-induced differentiation
DC

Decrease: cytokine secretion by DC, naive and effector T
and NK cells; allostimulatory ability of MSC-treated DC

Induce: formation CD4+ T regulatory/suppressive cells
Inhibit formation of cytotoxic lymphocytes; escape lysis but
not interfere with lytic capacity of cytotoxic T lymphocytes
and NK cells

Induce prolonged skin graft survival

Decrease severity acute GVHD after co-transplantation with
identical sibling/unrelated HSC

Potentiate proliferation melanoma cells

28, 35, 122-124
118-120,125-133

133-136

137

125

123-138

139

BAPC, antigen-presenting cell; DCs, dendritic cells; GVHD, graft-versus-host disease; 8M, bone marrow.

mobilize through fetal blood, thus allowing the transit of
hemopoiesis from an immature into a more mature
hemopoietic site (112-113). MSCs have been identified in
fetal tissue and, as circulating cells, in human cord blood
(19, 47, 102, 103, 114-116).

Cord blood MSCs (CB-MSCs) exhibit a morphology
and immunophenotype, which is similar to that of adult
MSCs. However, in vitro studies have established that the
frequency and number of mesenchymal colonies, generated
by a fixed number of nucleated cells, is much higher in fetal
than in adult tissue (102). In terms of differentiation
potential, and despite reports claiming a broad differ-
entiation capacity (117), CB-MSCs, as well as adult MSCs,
give rise to essentially the same mesenchymal lineages.

As indicated in Table 1, CB-MSCs can be induced in
vitro to express a cardiac phenotype and, once transplanted,
migrate, survive in the myocardium, and improve cardiac
function after MI (34, 35, 44, 46, 47). In terms of
immunogenicity, CB-MSCs express class I human leuco-
cyte antigen (HLA) antigens, whereas class II HLA antigens
are expressed only after prolonged exposure to interferon-y
(INF-y). Immunologic responses elicited by cord blood and
adult MSCs are comparable (118-120).

Therefore, in terms of differentiation and immunosup-
pressive properties, no main differences can be found
among fetal and adult MSCs. However, in terms of practical
issues related to their use as "repair cells," CB-MSCs seem
to present more advantages than their adult counterpart in
four ways. First; due to their high proliferation rate, less
culture time is required to get a fixed number of ex vivo
expanded CB-MSCs. This will result in less subcultivated
cells and, thus, fewer chances of expressing apoptotic
features (12). Second, fetal cells and probably CB-MSCs

have an increased transendothelial migration capacity (121),
which should be important throughout intracoronary cell
delivery. Third, CB-MSCs are obtained from a source that,
still in many countries, is usually wasted. Finally, due to
their immunosuppressive properties (as discussed next),
CB-MSCs may be used for allogeneic transplantation.

MSCs and the Allogeneic Immune Cell Response
In addition to the capacity of MSCs to differentiate into

mesenchymal and nonmesenchymal tissue, they exhibit an
interesting (and probably unique) feature in playing roles as
modulators in the allogeneic immune cell response. A
summary of immunomodulatory processes mediated by
MSCs is shown in Table 2.

Studies to assess the expression of HLA antigens by
bone marrow-derived and cord blood-derived MSCs have
shown the expression of surfaces associated with HLA class
I, but not HLA class II, antigens. However, bone marrow-
derived MSCs contain intracellular HLA class II molecules,
which are translocated to the cell surface after exposure to
INF-y (118). This pattern of expression of HLA antigens is
stable and not significantly modified by MSC differentiation
(118). Typical immunologic antigens, like B7-1, B7-2,
CD40, CD40L, CD80, and CD86, are not expressed by
MSCs (11, 13, 122-140). However, MSCs share with
thymic epithelium the expression of antigens involved in T-
cell interactions (e.g., VCAM-I, ICAM-I, LFA-3; Refs. 11,
13, 26, 141). Because the expression of these adhesion
molecules is modulated by ILl-o, it has been proposed that
the immune reactivity of MSCs is regulated by micro-
environmental clues (142).

The molecular mechanisms involved in the immuno-
suppressive properties of MSCs are still not completely
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understood. Up to now, the following studies have provided
suggestions for candidate molecules and mechanisms
involved. First, the immune effect elicited by MSCs is
mediated by interactions with lymphocytes and results in the
inhibition of splenocytes and T- and B-Iymphocyte
proliferation (132) and the expression of activation markers
by phytohemagglutinin-activated lymphocytes (123). Inter-
action also involves CD4+ T-cell differentiation to a
regulatory phenotype (136) and cytokine secretion by
effector T and NK cells (135). These effects are also
mediated by soluble immunomodulatory factors like IL-lO,
TGF-~, HGF, and prostaglandin E2 (126, 128, 139, 140).
Second, on induction of monocytes with granulocyte-
macrophage colony-stimulating factor (GM-CSF) and
interleukin-4, MSCs strongly inhibit early steps in monocyte
differentiation to dendritic cells (DCs; Ref. 133). In
addition, MSCs induce DCs to attain a more anti-
inflammatory or tolerant phenotype (135). Third, MSCs
seem to induce general and antigen-specific immunosup-
pression. This is consistent with the inhibition of alloanti-
gen-induced DC differentiation and the preferential
activation of T-cell subsets with a regulatory/suppressive
phenotype (136). In the same vein, MSCs inhibit allor-
eactive T cells (134). Finally, by producing indoleamine
2,3-dioxygenase and the concomitant formation of a
tryptophan-depleted milieu, MSCs also promote immuno-
sUppression (131). It is without doubt that a better
understanding of candidate molecules and mechanisms
involved will contribute to optimize and open new
alternatives for the preferential utilization of MSCs in
(allogeneic) cellular therapy.

The differentiation, immunologic, and other attributes
exhibited by adult-derived and cord blood-derived MSCs
give additional support to the affirmation that mesenchymal
progenitors are "no longer second class marrow citizens"
(143). We anticipate that, very soon if not already, the
distinctive attributes of MSCs will be used for the develop-
ment of new clinical protocols for the treatment of
myocardial infarct and other diseases.
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