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Abstract 
Cardiovascular disease is the leading cause of morbidity and mortality worldwide. Repair of the heart is an old 
dream of physicians caring for patients with cardiac disease. There is now growing evidence that the human heart is 
capable of undergoing repair and in recent years there has been an increase in basic and clinical research with the 
aim of harnessing the regenerative properties of stem cells in order to facilitate restoration of myocardial function. 
Experimental studies suggest that cardiac transfer of stem and progenitor cells can have a favorable impact on tissue 
perfusion and contractile performance of the injured heart. For advancement several important aspects need to be 
addressed in carefully designed comparative studies which allow discriminating superior cell populations, time, 
dosage and delivery route and mode for different applications in patients with acute myocardial infarction, advanced 
coronary artery disease, and chronic heart failure. The overall clinical experience also suggests that stem cell therapy 
can be safely performed, if the right cell type is used in the right clinical setting. The future of stem cell research will 
require closer collaborative efforts between scientists and clinicians to understand how cell therapy works and to 
define the ideal cell type and method of delivery to be able to obtain maximum output. 
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Introduction                                                                               
Stem cells perform important functions in the 
establishment of embryonic tissues during development 
and, in some cases, are retained into adulthood where 
they support homeostasis through the continued 
replacement of senescent cells and regeneration of 
injured or diseased organs. The dogma of the heart as 
an organ composed of terminally differentiated 
myocytes incapable of regeneration is being 
challenged. The regenerative capacity of the human 
myocardium is, however, grossly inadequate to 
compensate for the severe loss of viable heart muscle 
that follows myocardial infarction (MI). Stem cells are 
capable of self-renewal, transformation into dedicated 
progenitor cells, and differentiation into specialized 
progeny. Traditionally, tissue-resident adult stem cells 
were believed to differentiate into progeny only within 
tissue lineage boundaries.  
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Plasticity implies that stem cells can transdifferentiate 
into mature cell types outside their original lineage in 
response to microenvironmental cues. For example, 
hematopoietic stem cells (HSCs), when transplanted 
into the murine myocardium, may transdifferentiate 
into cardiomyocytes and blood vessels, thereby 
improving heart function and survival [1]. Existing 
therapies for heart failure, the leading cause of death 
worldwide, only serve to delay progression of the 
disease. More recent approaches have focused on 
replacement of injured myocardium with healthy 
cardiomyocytes, and the induction of 
neovascularization and significant effort has been 
invested in the search for the optimal embryonic or 
adult progenitor cells with which to replace damaged 
cells [2]. Evidence has been presented that a fraction of 
cardiomyocytes may be able to reenter the cell-cycle 
and that limited regeneration can occur through 
recruitment of resident and circulating stem cells [3]. 
We are standing on the merge to the era of biological 
repair in ischaemic cardiovascular disease after the 



Review Article                                                         [Parikh et al., 4(2): Feb., 2013] 

CODEN (USA): IJPLCP                                                         ISSN: 0976-7126 

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 4, Issue 2: February: 2013, 2347-2361 
2348 

 

potential of cardiac repair by a variety of stem and 
progenitor cell populations has been revealed in pre-
clinical and early clinical studies [4]. 

It has been proposed that stem cells release angiogenic 
ligands, protect cardiomyocytes from apoptotic cell 
death, induce proliferation of endogenous 
cardiomyocytes, and may recruit resident cardiac stem 
cells [5]. Regardless of the mechanisms, there appears 
to be general agreement that stem cell therapy has the 
potential to improve perfusion and contractile 
performance of the injured heart as shown in figure 1 
[6]. However, the existence of endogenous repair 
mechanisms suggests that cardiac repair may be 
achieved therapeutically in these clinical settings will 
be reviewed in this article. 
 

TYPES OF STEM CELLS USED FOR CARDIAC 
REPAIR  
Conceptually, a variety of stem and progenitor cell 
populations could be used for cardiac repair. Each cell 
type has its own profile of advantages, limitations, and 
practicability issues in specific clinical settings. Studies 
comparing the regenerative capacity of distinct cell 
populations are scarce. Many investigators have 
therefore chosen a pragmatic approach by using 
unfractionated bone marrow cells (BMCs), which 
contain different stem and progenitor cell populations, 
including HSCs, endothelial progenitor cells (EPCs), 
and mesenchymal stem cells (MSCs) [7, 8]. 
Skeletal Myoblasts 
Autologous skeletal myoblasts were among the first 
cell types tested in the context of cardiac regeneration 
[9], an obvious choice given their resistance to 
ischemia and ability to regenerate after injury [10]. 
They form myotubes in vivo but appear unable to 
differentiate into cardiomyocytes and yet are reported 
to improve ventricular function in animal studies. 
Human trials are ongoing, although, in some, lack of 
efficacy has resulted in their premature termination 
[11]. The main factor limiting the therapeutic use of 
skeletal myoblasts is their failure to integrate 
electrically with surviving cardiomyocytes [12], posing 
a greater risk of arrhythmia. Furthermore, skeletal 
myoblasts do not extravasate (transverse the vascular 
endothelium) and migrate to ischaemic areas [13] and 
may even obstruct distal microcirculation after 
intracoronary administration, leading to embolic 
myocardial damage [14]. 
Embryonic stem cells 
Embryonic stem (ES) cells have the broadest 
developmental pluripotent potential since they can give 
rise to cells of all three embryonic germ layers and 
functionally intact cardiomyocytes have been generated 
from human ES cells in vitro [15]. In a mouse model 

ES cell-derived cardiomyocytes, when injected into 
infarcted myocardium, formed stable grafts and 
subsequently contracted in synchrony with adjacent 
cells [16]. However, the use of ES cells is associated 
with teratoma formation in animal models [17] which 
raises concerns regarding their malignant potential with 
the ethical and legal issues together surrounding the 
use of human ES cells, has hampered further research 
efforts and current focus is on other sources of stem 
cells for cardiac repair. 
Induced Pluripotent Stem Cells 
 An exciting alternative to ES cells is emerging in the 
form of inducible Pluripotent Stem Cells (iPSCs) adult 
stem cells that have been successfully reprogrammed 
back to an undifferentiated pluripotent state by 
inserting four genes, Oct3/4, Sox2, KL4 and c-Myc, 
into differentiated somatic cells [18, 19. 20]. These 
cells have the morphological phenotype of ES cells and 
have been demonstrated in vivo and in vitro to have the 
same differentiation potential as ES cells (able to form 
all three germ layers). Functioning cardiomyocytes 
[21] have already been produced from iPSCs 
demonstrating their potential use in cardiovascular 
regenerative medicine although there remain 
theoretical concerns regarding tumor genesis. 
Multipotent Adult Germline Stem Cells (maGSCs) 
Adult spermatogonial stem cells were recently isolated 
from adult mouse testis and shown to acquire certain 
ES cell properties [22] including multipotency and 
germline transmission. These so-called multipotent 
adult germline stem cells (maGSCs) efficiently 
differentiate into ventricle-, atrial-, pacemaker-, and 
Purkinje-like cardiomyocytes, which exhibit rhythmic 
Ca+2 transients and beating [23]. Transplanted maGSCs 
were able to proliferate and differentiate in normal 
murine hearts, suggesting that maGSCs could provide a 
source of suitable cardiomyocytes for potential 
therapeutic application. 
Bone marrow-derived progenitor/stem cells 
The most widely studied of the adult stem cells has 
been bone marrow derived mononuclear cells 
(BMSCs) in part due to the ease of obtaining cells via a 
BM aspirate. In a landmark animal study, myocardial 
infarction was induced in a mouse model by coronary 
artery ligation following which BMSCs were injected 
directly into the contracting wall bordering the infarct 
[1]. The transplanted cells appeared to undergo trans-
differentiation to cardiomyocytes with newly formed 
myocardium occupying a significant proportion of the 
infarcted area with significant improvement in the left 
ventricular ejection fraction (LVEF) just 9 days after 
cell transplantation. These results have been challenged 
by different groups, which have demonstrated that 
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transplanted cells do not acquire a cardiomyocyte 
phenotype but rather develop into haematopoietic cell 
types after transplantation [24, 25]. It is therefore 
possible that adult stem cell plasticity (i.e. ability to 
transdifferentiate into different cell types) has been 
overestimated particularly with regards to 
cardiomyogenic transdifferentiation. This has fuelled 
the ongoing debate regarding the mechanism of action 
by which stem cell therapy leads to cardiac repair and 
it is likely that the beneficial effects seen are multi-
factorial in origin. Possible explanations include 
neovascularization by differentiation into an 
endothelial phenotype, paracrine effects of the cell 
infusate, cell fusion as well as myocardial regeneration 
[26]. 
Endothelial Progenitor Cells 
Endothelial progenitor cells (EPCs) are a specialized 
subset of hematopoietic cells found in the bone marrow 
and peripheral circulation [27]. During development, 
endothelial and hematopoietic cells arise from a 
common progenitor, the hemangioblast, a cell type 
considered to be restricted to the embryo. Asahara et 
al. demonstrated that up to 20% of the CD34 
population of peripheral blood in the adult are also 
vascular endothelial factor receptor (VEGFR) and 
phenotypically characterized by antigens usually 
associated with hematopoietic stem cells, including 
CD133, CD34, c-kit, VEGFR2, CD144 (cadherin), and 
Sca-1 [27]. EPCs are mobilized from bone marrow and 
recruited to foci of neovascularization, where they 
from new blood vessels in situ. EPCs are incorporated 
into injured vessels and develop into mature 
endothelial cells during the processes of 
reendothelialization and neovascularization [28]. On 
differentiation, CD133 expression is lost and EPCs 
begin to express vascular endothelial cadherin and von 
Willebrand factor [29]. EPCs have not been shown to 
differentiate into cardiomyocytes but appear to 
promote angiogenesis [30] and likely provide paracrine 
survival signals to cardiomyocytes [31]. Angiogenic 
growth factors including VEGF-A, VEGF-B, stromal 
cell– derived factor (SDF)-1, and insulin-like growth 
factor-1 are themselves secreted at high levels from 
EPCs, and these elicit a potent migratory response on 
mature endothelial cells and cardiac resident c-kit 
progenitor cells [32]. Thus, in addition to the physical 
contribution of EPCs to newly formed vessels, an 
equal, if not greater, mode of EPC action may, as with 
BMSCs, be the paracrine secretion of proangiogenic 
factors. The use of EPC populations for therapeutic 
purposes has rapidly progressed into clinical trials with 
promising preliminary results [33, 34]. 
 

Cardiac-derived Cardiovascular Stem Cells (CSCs) 
Bergmann et al. [35] showed evidence for in-men 
cardiomyocytes renewal at a rate of 1% per year in 
younger adults and 0.5% in the elderly. In post-natal 
hearts, various subtypes of tissue-resident cardiac stem 
and progenitor cells (CSCs) classified by surface 
antigens and transcription markers have been reported, 
although it is undetermined whether these subtypes 
have clearly distinct phenotypes. Cardiac stem and 
progenitor cells, which have been suggested to be 
capable of creating cardiomyocytes and all surrounding 
cell types, are a promising candidate-at least in theory-
to provide contractility and vascularization [36]. In the 
light of the fact that their genuine number is low, CSCs 
isolated from endomyocardial biopsies have 
successfully been expanded ex vivo to leverage this 
therapeutic concept [37]. Dr Marban’s group has 
proposed a population of potential clinical relevance 
that has been identified by expanding CSCs from self-
adherent clusters (cardiospheres) under certain 
conditions, i.e. cardiosphere-derived stem cells (CDCs) 
[38, 39]. There is still some controversy on the 
cardiomyogenic potential of cardiospheres [40, 41]. Dr 
Field’s group had suggested by using genetic cell 
tracking that there are temporal limitations for the 
ability of cardiac-resident c-kit+ cells to acquire a 
cardiomyogenic phenotype, i.e. that the 
cardiomyogenic population is present in neonatal 
hearts but largely lost in adult mouse hearts and 
suggested that elucidation of the underlying molecular 
mechanisms may permit a more robust cardiomyogenic 
induction in adult-derived cardiac c-kit+ cells [42]. 
MECHANISMS OF STEM CELL DELIVERY TO 
VARIOUS PARTS OF THE HEART 
Systemic delivery of stem cells as an effective therapy 
for the injured heart is dependent on successful homing 
and retention of cells before the secretion of paracrine 
factors and/or transdifferentiation. There are 2 ways in 
which cardiac progenitors can be delivered to the heart 
as shown in figure 2: either by an intracoronary arterial 
route or by injection into the ventricular wall via 
percutaneous endocardial, percutaneous transcoronary 
venous, or surgical epicardial approaches. 
Intracoronary delivery enables the application of a 
maximum dose of cells homogeneously to the site of 
injury although this mode is less efficient for delivery 
to nonperfused regions of the infarct related artery. 
Homing of intra-arterially applied progenitor cells 
requires their extravasation and migration to the 
surrounding ischemic tissue. Although BMSCs and 
hematopoietic stem cells can extravasate [43], and this 
has not been shown for all cell types and larger, less 
motile cells, such as skeletal myoblasts may even 
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obstruct the microcirculation, leading to embolic 
myocardial infarction [44]. Direct injection is the 
preferred delivery method for chronic heart failure 
patients with considerable scar tissue. Cell homing 
signals such as SDF-1 and VEGF are expressed at low 
levels at late stages of disease, limiting any homing 
potential following intracoronary application [45]. 
Injection into the injured myocardium is particularly 
suited for large cells such as myoblasts and 
mesenchymal stem cells and is not limited by cell 
uptake from the circulation or embolic risk. However, 
injection of progenitor cells into necrotic tissue, which 
lacks both blood flow to provide oxygen and nutrients 
and healthy surrounding cardiomyocytes to provide 
paracrine support, reduces graft survival and 
differentiation. The optimal delivery route for 
autologous cell transplantation not only varies 
according to the administered cell type but will be 
influenced in the future by our ability to enhance the 
migratory capacity of stem cells. 
Hematopoietic Stem Cell Recruitment and Homing 
During embryogenesis, blood-forming stem cells 
migrate from the fetal liver via the circulation, home to 
the bone marrow, and repopulate it with high numbers 
of immature and maturing blood cells of all lineages. 
These, in turn, are released into the circulation while 
maintaining a small pool of undifferentiated stem cells 
within the bone marrow [46]. HSC recruitment 
(mobilization) and homing are mirror processes 
regulated by the interplay of cytokines, chemokines, 
and proteases [47]. Essentially, HSC recruitment is 
characterized both by loss of cell– cell contacts (via 
downregulation of cell adhesion molecules) and a 
desensitization of chemokine signaling, notably the 
SDF-1α/CXCR4 axis, the fundamental signaling 
pathway underlying stem cell mobilization and homing 
during homeostasis and injury [48]. Conversely, stem 
cell homing requires upregulation of cell adhesion 
molecules and activation of the SDF-1α/CXCR4 axis.  
Chemokine Signaling 
Chemokines are defined as small peptides that initiate 
the migration of effector cells. Although mobilization 
of HSCs by cytokines requires 5 to 6 days to attain 
peak response, chemokines induce mobilization within 
30 minutes to a few hours. Mobilization of HSCs from 
bone marrow is achieved by the action of cytokines, 
such as granulocyte colony stimulating factor (G-CSF) 
[49] and the closely related granulocyte/ macrophage 
colony-stimulating factor (GM-CSF) [50], Flt-3 ligand 
[51], erythropoietin [52], and stem cell factor (SCF) 
(the ligand for c-kit) [53]; growth factors such as 
vascular endothelial growth factor (VEGF) [54], 
angiopoietin-1 [55], and placental growth factor [56], 

as well as several chemokines such as SDF-1 [57], 
interleukin (IL)-8 [58], growth-regulated oncogene-β 
[59], and macrophage inflammatory protein-2 [60]. 
The first suggestion that cytokine-induced stem cell 
mobilization may be used to enhance cardiac repair 
came from studies to increase EPC levels for 
neovascularization in hind limb ischemia. VEGF [61] 
and GM-CSF [62] were found to augment EPC levels 
and improve neovascularization. Hematopoietic stem 
cell–mobilizing factors G-CSF and SCF were 
subsequently shown to improve cardiac regeneration in 
mice and this and other small scale animal studies 
rapidly led to initiation of clinical trials to assess the 
ability of G-CSF to mobilize stem/progenitor cells in 
patients with coronary artery disease [63] and AMI 
[64]. G(M)-CSF–mobilized blood from patients 
contained 5- to 100-fold higher levels of HSCs, MSCs, 
and EPCs, compared with nonmobilized blood [62-64]; 
however, the ability of these cells to improve cardiac 
remodeling and function after AMI has been 
disappointing [65]. Although the idea that recruited 
BMSCs differentiate into cardiomyocytes to any 
significant degree is now generally discounted, G-CSF 
treatment has been shown to induce angiogenesis in the 
infarcted heart and to have a paracrine protective effect 
on cardiomyocytes [65]. Chemokine signaling for 
directing migration is an embryonic principle because 
directed cell movement is a fundamental requirement 
for tissue formation. Chemokine receptors, 
predominantly CXCR4, have been detected from 
embryonic day (E), coexisting spatially and temporally 
with SDF-1, and have been implicated in the 
organogenesis of cardiovascular, neuronal, 
hematopoietic, and craniofacial systems [66]. 
Homing of Stem Cells to the Heart 
The term “homing” describes the migration of a 
circulating stem cell into a target tissue or the bone 
marrow. Homing constitutes a multistep cascade 
comprising: recognition and interaction with 
microvascular endothelium, transmigration through the 
endothelium, and, finally, migration and invasion of 
the target tissue, a process that relies on a complex 
interplay between cytokines, chemokines, adhesion 
molecules, and extracellular matrix– degrading 
proteases. The capacity of stem cells to migrate and 
invade is critical for functional integration even when 
cells are injected directly into the site of injury. 
Although the mechanisms of progenitor cell homing to 
sites of tissue injury are poorly understood, some 
insight can be gained from parallels with the homing of 
hematopoietic progenitor cells to bone marrow [67]. 
Kollet et al. first demonstrated that HSCs used SDF-1α 
for homing to damaged tissue [68]. They observed that 
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the level of HSC engraftment into liver was greatly 
enhanced following injury or viral inflammation by 
elevated MMP-9 activity, which in turn led to 
increased CXCR4 expression and SDF-1α –mediated 
recruitment of hematopoietic progenitors to the liver 
[68]. It is well documented that stress signals such as 
tissue injury or inflammation cause upregulation of 
SDF-1α in endothelial cells, which promotes the 
recruitment of stem cells, as demonstrated for heart 
[69, 70], kidney [70], and brain [71]. Systemic 
mobilization and homing to sites of cardiac injury was 
suggested to be confounded by the trapping of cells in 
organs such as the spleen [72]; however, a number of 
studies have since demonstrated that cytokine therapy 
can overcome the complications of trapping and 
demonstrate significant cardiac regeneration in 
nonsplenectomized animals [73, 74]. Malek et al. 
addressed the issue of whether cardiac inflammation 
plays an important role in successful homing of ES 
cells to the heart after intravenous delivery in a murine 
myocarditis model [75]. Maximal engraftment of ES 
cells occurred at a time of peak inflammatory cytokine 
production, most notably IL-6, supporting the notion 
that factors released from the myocardium during an 
inflammatory response, as occurs in MI, are important 
for enhancing the homing, migration, and implantation 
of systemically infused stem cells.  
Stem Cell Migration within the Myocardium 
Cardiac progenitor cells, whether resident or 
transplanted, migrate through the interstitium of the 
heart, although the extent of migration and the 
mechanisms involved are poorly understood. Bone 
marrow–derived HSCs, introduced into remote 
myocardium [76] and cardiosphere-derived cells 
injected into the border zone [77] migrated to the 
infarct region, illustrated by tracking of EGFP and lacZ 
expressing cells, respectively. Although the mechanism 
of migration was not investigated in these studies, their 
directional migration toward the scar likely results 
from secretion of factors by dead or hypoxic cells in a 
similar manner to stem cell homing. Recent advances 
in noninvasive imaging technologies have enabled the 
tracking of progenitor cells, labeled with F-18 
fluorodeoxyglucose or iron particles, during homing 
from the peripheral circulation to ischemic tissues [78] 
or their migration within the heart following cardiac 
delivery [79]. As cell therapy is further developed for 
heart repair, the ability to track cells will prove 
essential for assessing their capacity to home and 
migrate to the injury zone. 
 
 

Migration of Resident Epicardium–Derived Cells 
stimulated by Thymosin β4 
Significant effort in the field of cardiovascular 
medicine has been invested in the search for adult 
cardiac progenitor cells that may replace damaged 
muscle cells and/or contribute to new vessel formation 
(neovascularization) and in the identification of key 
factors, which may induce such progenitor cells to 
contribute to myocardial repair and collateral vessel 
growth. Smart N et al. demonstrated that the actin 
monomer-binding protein, thymosin beta-4 (Tbeta-4), 
when secreted from the myocardium provides a 
paracrine stimulus to the cells of the epicardium-
derived cells (EPDCs) to promote their inward 
migration and differentiation into endothelial and 
smooth muscle cells to form the coronary vasculature. 
Translating this essential role for Tbeta-4 in coronary 
vessel development to the adult, we found that 
treatment of cultured adult explants with Tbeta-4 
stimulated extensive outgrowth of epicardin-positive 
epicardial cells, which, as they migrated away from the 
explant, differentiated into procollagen type I, 
SMalphaA, and Flk1-positive cells indicative of 
fibroblasts, smooth muscle, and endothelial cells; thus 
releasing the adult epicardium from a quiescent state 
and restoring pluripotency. The ability of Tbeta-4 to 
promote coronary vessel development and potentially 
induce new vasculature in the adult is essential for 
cardiomyocyte survival and could contribute 
significantly toward the reported Tbeta4-induced 
cardioprotection and repair in the adult heart. Tbeta-4 
is currently subject to multicenter phase 1 clinical trials 
for treatment of cardiovascular disease, therefore, 
insight into the repair mechanism(s) induced by Tbeta-
4 is an essential step toward harnessing therapeutic 
survival, migration, and repair properties of the peptide 
in the context of acute myocardial damage [80]. 
Migration of Endogenous Cardiac Progenitor Cells 
Several populations of cardiac progenitors residing 
within the adult heart have now been characterized. 
However, to maintain stemness, progenitors are 
required to be retained within a supportive stem cell 
niche [81]. One of the limitations for cardiac 
regeneration is that the small progenitor populations 
within the heart reside in a quiescent state and require 
reactivation before they can promote regeneration. 
Indeed some of the factors associated with reactivation 
and restoration of pluripotency, such as Tβ4, become 
upregulated following MI [82], but even the induced 
levels are insufficient for regeneration and require 
exogenous application or therapeutic augmentation of 
endogenous induction to promote sufficient repair [83]. 
A rapidly evolving paradigm, and one that holds much 
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promise for therapeutic myocardial regeneration, is the 
identification of paracrine factors that stimulate 
endogenous cardiac stem cells to migrate to the site of 
injury within the heart and differentiate into the 
cardiomyocyte and vascular cells required to induce 
neovascularization and repair. Only a few such factors 
have hitherto been identified, including high-mobility 
group box protein (HMGB)1 and Tβ4. It is perhaps 
significant that the common feature shared by these 
proteins is the ability to promote cell migration and 
suggests that migration of progenitors away from their 
restrictive niche is sufficient to reactivate their 
proliferation and differentiation. 
FUTURISTIC DIRECTIONS FOR CELL BASED 
THERAPIES 
Many strategies have been proposed to support stem 
cells in the host environment of ischaemic tissue 
characterized by ischaemia, acidosis, inflammation, 
and oxidative stress.  
Bionanotechnology to support cell-based therapies 
The rapidly evolving field of bionanotechnology 
allows to specifically design biomaterials to support 
transplanted cells within the ischaemic environment 
[84]. Herein, the structure, dimensions, and shape of 
constructs are pivotal to better mimic the native 
architecture of extracellular matrix. An optimal 
biomaterial to support cell therapy should provide a 
three-dimensional environment to enhance 
biomechanical properties of extracellular matrix; a 
purpose for which controlled organization at nano-
scale is needed. In some biomatrices, bioactive signals 
can be incorporated to specifically modulate stem cell 
biology while supporting them structurally [85]. This 
strategy to support cell transfer has rapidly gained 
attention triggered by exciting pre-clinical data. In 
murine models, nanofibres self-assemble into a matrix 
recruited endogenous progenitors to the myocardium 
and support the transplantation of cardiomyocytes 
providing a particular microenvironment [86]. In 
principle, biomaterials can be custom-designed to 
optimally fit the organ-specific microenvironment [87]. 
Furthermore, bioactive signals can be incorporated in 
some biomaterials to additionally enhance cell survival, 
retention, proliferation, and differentiation. Padin-
Iruegas et al. [88] reported that an insulin-like growth 
factor carrying nanofibre enhances CSC-dependent 
repair of cardiac injury [89]. In our hands, the 
combination of a linage-specific optimized, self-
assembling nanofibre enhances the potency of cell-
therapy in ischaemic tissue repair [90]. Also, bioactive 
sequences of biologically attractive paracrine factors, 
e.g. SDF-1, can more effectively be presented via 
biomaterials with the aim to recruit endogenous into or 

support exogenously applied cells in ischaemic 
myocardium [91]. Although emerging results for the 
role of bionanomaterials in cell-based ischaemic tissue 
repair are promising, but still there has not been any 
applications in humans.  
Priming of stem and progenitor cells to enhance 
their therapeutic efficacy 
The concept to pre-treat or modify stem/progenitor 
cells before application (priming) and thereby enhance 
their therapeutic potency has evolved from earlier pre-
clinical observations [92, 98]. These strategies 
basically target any function step that influences cell 
fate from the application on: adhesion/transmigration, 
homing, migration, engraftment, survival, cell–cell 
interaction, repair capacity, differentiation, and 
retention. Potential tools for modification include 
drugs, small molecules, naked and vector facilitated 
plasmids, and epigenetic reprogramming [99, 100]. 
Priming of dysfunctional autologous cells from 
cardiovascular patients via any of these tools may 
allow for a ‘resetting of impaired biopotency’. 
Among multiple targets stemming from pre-clinical 
evaluation, the following examples are under clinical 
investigation: we and others have identified a reduced 
endothelial NO synthase dependent NO production as 
an important mechanism limiting the functional repair 
capacity of endogenous progenitor cells in patients 
with diabetes or hypertension [101]. 
Conclusion 
The past decade has seen an explosion in clinical 
studies investigating the safety and efficacy of stem 
cell therapy for heart diseases. The safety of this 
therapy has been demonstrated uniformly in the vast 
majority of the studies despite heterogeneity in study 
design. In terms of efficacy there does seem to be some 
beneficial effects of cell therapy in the settings of AMI, 
chronic ischaemic heart failure and DCM. However, 
the magnitude of benefit is less impressive than was 
seen in the previous animal models. The future of this 
area of research will rely on elucidating the reasons for 
this difference which will require closer collaboration 
between basic scientists and clinical researchers. There 
is also a need for larger randomized controlled trials 
with longer term follow-up assessing morbidity and 
mortality as primary outcome. An understanding of the 
mechanisms involved in initiation and regulation, along 
with identification of factors that direct these 
processes, may offer approaches to enhance present 
strategies involving stem cell engraftment. Moreover, 
approaches requiring the introduction of exogenous 
stem cells are hampered by inefficient homing and 
immune rejection. In the absence of an effective 
intervention to optimize migration of transplanted cells, 
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a preferable therapeutic strategy might be to stimulate 
one or more of the identified populations of 
endogenous cardiac stem cells to initiate repair in situ. 
Before any proliferation or differentiation, they key 
initial event required to unleash the potential of these 
cells is their migration from the stem cell niche to the 
site of injury. The search is underway, therefore, to 
identify factors that can revive the potential of these 
cells to achieve efficient cardiac regeneration. 
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Fig. 1: Working hypothesis of therapeutic stem cell 
transplantation for myocardial regeneration. Stem 

and progenitor cell transplantation can have a 
favorable impact on tissue perfusion and contractile 

performance by promoting vascularization and 
myocyte formation. Improved vascularization may 

facilitate beneficial effects in the myocyte 
compartment. 

 

Fig. 2: Stem Cells delivery routes to various 
localities in the heart for Stem Cell Therapy. 
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