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Ischemic cardiomyopathy is becoming a leading cause of morbidity and mortality in the whole world. Stem 
cell-based therapy is emerging as a promising option for treatment of ischemic cardiomyopathy. Several stem cell 
types, including cardiac-derived stem cells, bone marrow-derived stem cells, mesenchymal stem cells, skeletal 
myoblasts, CD34+ and CD133+ stem cells have been used in clinical trials. Clinical effects mostly depend 
on transdifferentiation and paracrine factors. One important issue is that a low survival and residential rate 
of transferred stem cells blocks the effective advances in cardiac improvement. Many other factors associated 
with the efficacy of cell replacement therapy for ischemic cardiomyopathy mainly including the route of delivery, 
the type and number of stem cell infusion, the timing of injection, patient’s physical conditions, the particular 
microenvironment onto which the cells are delivered, and clinical conditions remain to be addressed. Here we 
provide an overview of modern methods of stem cell delivery, types of stem cells and discuss the current state 
of their therapeutic potential. 
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INTRODUCTION
Reduced blood flow in a myocardial infarction affected 

area is the leading cause of morbidity and mortality 
in patients with ischemic cardiomyopathy [1, 2]. 
Although averagely 1% of adult cardiomyocytes appear 
to possess the ability of self-renewal, they cannot provide 
recovery of heart tissue after an infarction or some 
serious heart damage [3–5]. Thus, ischemia-induced 
apoptosis and necrosis of cardiomyocytes damage 
the geometry of the left ventricle undergoing progressive 
remodeling, hypertrophy and proliferation of fibroblasts, 
which results in cicatrization and poor contractility 
of the left ventricle [6–8]. Such common treatment 
strategies as pharmacotherapy, coronary artery bypass 
grafting and coronary artery stenting allow the recovery 
of blood supply to the ischemic regions and relative pain 
relief, but they fail to treat pathophysiological changes 
after ischemic injuries, and regenerate the muscle 
tissue of the heart. Therefore, the essential effect 
of treatment is to enable regeneration of myocardial 
cells using cardiac progenitor cells or other exogenous 
multipotent stem cells [9]. Stem cell implantation for the 
treatment of ischemic cardiomyopathy brought a new 
age to patients, and at the same time it faces numerous 
challenges. A lot of evidence suggests that the stem cells 
perform regeneration of the damaged part of the heart 
by differentiating into cardiac muscle cells, promoting 
angiogenesis, proliferation of endogenous cardiac stem 
cells and secretion of cytokines, chemokines and growth 
factors that activate endogenous reparative responses, 

inhibit cellular apoptosis and fibrosis, and improve 
myocardial contractility [10]. In the last decade, many 
clinical trials have been conducted to assess the safety, 
feasibility and efficacy of stem cell administration 
in patients with ischemic cardiomyopathy. Different 
types of cells, including bone marrow-derived stem 
cells, mesenchymal stem cells, cardiac-derived stem 
cells, skeletal myoblasts and hematopoietic stem cells, 
have been used to evaluate the potential therapy based 
on the stem cells. However, promising results from 
numerous clinical studies, in improvement of functional 
parameters, have shown several ineffective treatments. 
Cell transport modes and their doses, cell isolation 
procedures and transplantation time can determine 
effects on improving heart function. This paper 
presents the status of previous clinical trials and future 
perspectives for the use of stem cell therapy in patients 
with ischemic cardiomyopathy. 

RESULTS

ENDOGENOUS/PROGENITOR CARDIAC STEM CELLS
In 2003, cardiac stem cells (CSCs) were discovered 

by Nadal-Ginard and his colleagues, who outperformed 
the traditional understanding that the heart is a terminal-
differentiated organ [11]. Multipotential and self-
renewal characteristics of these cells have been identified 
on animal models, proving their ability to differentiate 
into cardiomyocytes, endothelial cells, and smooth 
muscle cells, indicating the potential regenerative 
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capacity of the adult heart [12]. Experimental studies 
have reported that cardiomyocytes can be derived from 
different types of cardiac stem cells, including c-kit+ 
cells, isl-1+ cells, and sca-1+ cells (limited to the mouse 
heart) and cardiosphere-derived cells (CDC) [13].

The CDCs are extracted with a biopsy of the heart 
and grown in the form of clusters possessing heterogeneous 
cell populations positive for c-kit (endogenous stem 
cell), CD105 and CD90 (cardiovascular MSC), but 
negative for CD45 (hematopoietic stem cells), thus 
indicating their capacity for clonogenic, self-renewing 
and multigenic differentiation [13]. The CSCs are 
mainly located at the top of the left ventricle and the 
atrial tissue. To date, several clinical studies (in different 
clinical stages) have been approved and/or completed 
to demonstrate the feasibility, safety and efficacy of CSC 
cell transplantation therapy in patients with ischemic 
cardiomyopathy.

The first clinical phase I study involving 16 patients 
after endured coronary artery bypass grafting 
and postinfarction left ventricular dysfunction (ejection 
fraction ≤40%), suggested that an intracoronary 
infusion of one million autologous CSCs (c-kit+ cells) 
increased left ventricular ejection fraction (LVEF) 
from 30.3 to 38.5% at four months and to 42.3% at one 
year. In addition, it reduced the size of the area affected 
by infarction in seven patients, from 32.6 to 24.8 g 
at four months and to 22.8 g at 1 year [14]. Later, 
a randomized phase I clinical trial conducted by Makkar, 
et al. evaluated the safety of intracoronary infusion 
of cardiosphere-derived cells (CSCs) in patients with 
left ventricular dysfunction after myocardial infarction 
(with left ventricular ejection fraction of 25–45%) [15]. 
The obtained results demonstrated a decrease in the mass 
of damaged tissue, an increase in the weight of healthy 
heart tissue and regional contractility, during the six-
month trial in the group of patients treated with CDCs, 
but did not show significant differences in changes 
of end-systolic volume, end-diastolic volume or LV 
ejection fraction, compared with patients undergoing 
conventional therapies. Fortunately, there were no 
serious adverse effects during the six-month trial, thus 
indicating the safety of CDC implantation treatment 
for myocardial infarction. 

The CADUCEUS (CArdiosphere-Derived 
aUtologous stem CElls to reverse ventricUlar dySfunction) 
randomized and controlled trial was performed on patients 
with left ventricular dysfunction in order to examine 
the effectiveness of this therapeutic method [16]. 

EXOGENOUS STEM CELLS

BONE MARROW-DERIVED MONONUCLEAR CELLS
Bone marrow-derived mononuclear cells (BM-

MNCs) are a mixed population of different types 

of non-differentiated cells that contain primary cells, 
hematopoietic stems (HSCs), endothelial progenitor 
cells (EPCs) and a fractional part of about 0.01% 
of mesenchymal stem cells (MSCs) [17]. Even though 
most BM-MNCs are not stem cells, the effects of cardiac 
recovery are considered and are mainly dependent 
on a significant source of hematopoietic stem cells 
(HSCs) that contribute to the development of new 
heart tissue and blood vessels. It is generally accepted 
that cardiac recovery with HSC therapy may depend 
on the secretion of growth factors and other proteins that 
promote angiogenesis and stimulate the proliferation 
and migration of endogenous cardiac stem cells 
and cardiomyocytes [18, 19]. Several clinical trials have 
shown that the intracoronary administration of adult/
progenitor bone marrow stem cells in patients with acute 
myocardial infarction enhances the contractile function 
of the left ventricle, which was reported by REPAIR-
AMI and TOPCARE-AMI clinical studies [20, 21].

It has been shown that the treatment of stem 
cells separated from the bone marrow significantly 
reduces unwanted clinical manifestations. Therefore, 
clinical experimental responses confirmed the efficacy 
and feasibility of BM-MNSC therapy in the treatment 
of ischemic cardiomyopathy, although detailed 
mechanisms of the use of these cells have not been 
confirmed. Furthermore, much more convincing results 
on the improvement of ejection fraction of the left 
ventricle, cardiac contractility and exercise capacity have 
been suggested by numerous clinical studies [22–24].

To date, the largest meta-analysis conducted 
by  Jeevanantham,  e t  a l .  has  a l so  rev iewed 
the systemically classified clinical results of 50 studies, 
involving 2562 patients with acute or chronic ischemic 
cardiomyopathy [25]. Regardless of the detailed plan 
of this study (e.g. pathway and time of cell transplantation) 
and specific types of ischemic cardiomyopathy (acute or 
chronic), patients treated with mononuclear stem cells 
separated from the bone marrow showed a moderate 
increase in the ejection fraction of the left ventricle 
(~3.96%), ESV, EDV and a moderate reduction in the 
area affected by the infarction (~4.03%), compared 
with control subjects. This analysis also showed that 
mononuclear stem cells of the bone marrow significantly 
reduced the occurrence of some manifestations, 
including death, myocardial infarction rate and stent 
thrombosis. This progress is consistent with another 
recent meta-analysis released in 2014 [26].

The aggregate results from 32 trials, which 
included 1300 patients treated with BM-MNC 
therapy and 1006 patients who went to regular 
controls (both groups with acute coronary syndrome 
or stable coronary disease) demonstrated a statistically 
significant increase in LVEF (~ 4.6%) and reduction 
of the damaged area (~9.5%). However, another 
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recent meta-analysis has exposed the contradictory 
conclusion of 22 randomized trials [27]. In this 
study, improvement in the cardiac function of MRI 
parameters or clinical outcome was not demonstrated 
despite a slight increase in the left ventricular ejection 
fraction (~2.1%), although the safety of BM-MNC 
therapy for patients with ischemic cardiomyopathy 
was again demonstrated. The lack of improvement 
of the ventricle using BM-MNC therapy enhancement 
was parallel in a recent clinical study, which included 
28 patients with advanced ischemic cardiomyopathy 
[28]. After 6 months, patients treated with BM-
MNC therapy did not show significant improvement 
in LVEF, ESV, and in the volume of affected left 
ventricular infarction, indicating ineffective treatment 
results with this type of stem cells.

Another placebo-controlled study, which included 
65 patients with ischemic cardiomyopathy and a LVEF 
of less than 50%, showed no statistically significant 
increase in the ejection fraction and the reduction 
of affected infarction area [29].

MESENCHYMAL STEM CELLS
Mesenchymal  s tem ce l l s  (MSCs)  mainly 

express cell surface antigens: CD73, CD90, CD105, 
CD44 and CD133, as well as CD105 surface molecules 
[30, 31]. They have many advantages: the ability 
to self-renew, multi-cellular differentiation potential, 
low immunogenicity, immunosuppressive properties 
and low carcinogenicity, and do not face the risk 
of immune rejection [32]. Under appropriate stimulation, 
the mesenchymal stem cells can be differentiated into 
cardiomyocytes [32], or they may develop some growth 
factors for heart recovery. However, the survival rate 
and migration abilities in the target tissue are two 
key factors for determining the therapeutic effects 
of mesenchymal stem cells. Many clinical studies 
have shown improvement in cardiac function after 
the treatment of ischemic cardiomyopathy by using 
mesenchymal stem cells, despite several ineffective MSC 
therapy results [33].

A placebo-controlled trial included 69 patients 
with acute myocardial infarction after percutaneous 
coronary intervention, who were randomly assigned 
to receive intracoronary injection of BMSCs (n=34) 
and saline (control group, n= 5). Three months after 
transplantation, there was a significant improvement 
of the left ventricular ejection fraction (LVEF) 
and the ESV/EDV ratio as compared with the control 
group, thus suggesting efficacy of MSC in recovery 
of the cardiac function [34]. Intravenous injection 
of allogeneic mesenchymal stem cells, which reduced 
episodes of ventricular tachycardia and increased 
LVEF, produced a similar effect as in the previous study 
for a period of six months [35].

Later, another clinical study of intramyocardial 
injection of autologous mesenchymal stem cells 
in patients with myocardial infarction showed a reduction 
in the myocardial infarction area and an improvement 
in left ventricular function after one year [36]. These 
conclusions were confirmed by subsequent clinical 
trials that suggested that patients with acute myocardial 
infarction showed improvement in LVEF, in the 
group of patients treated with mesenchymal stem cells 
compared to the control group [24, 37].

COUNTERARGUMENTS
But the work published in the Journal of the 

American Medical Association in 2014 revealed that 
although the transendocardial injection of mesenchymal 
stem cells improved the six-minute walk, the function 
of the myocardium, and reduced the area affected by the 
infarct, no changes in left ventricular chamber volume 
and ejection fraction were observed [29].

Two meta-analyses evaluated the efficacy of MSC 
therapy in the treatment of ischemic heart disease 
and concluded that MSC treatment significantly reduces 
the risk of death, reduces weekly angina episodes 
and leads to a better quality of life [38, 39].

A recent meta-analysis, involving 1255 patients, 
produced moderate-grade evidence suggesting that 
MSC therapy improves the LVEF [40]. Therefore, many 
of these studies have shown improvement in cardiac 
function, reduced left ventricular dilatation, and a faster 
recovery of patients suffering from acute myocardial 
infarction or ischemic cardiomyopathy [41]. Although 
the effects of treatment with MSC grafting do not always 
reach the target site, significant prospects have been 
demonstrated in the treatment of acute myocardial 
infarction or ischemic cardiomyopathy.

SKELETAL MYOBLASTS 
Skeletal myoblasts (SMs) are a small population 

of undifferentiated and inactive stem cells found 
in mature skeletal muscle fibers. When injuries occur, 
SMs are activated, rapidly proliferated and differentiated 
into muscle fibers to replace the injured or muscle 
cells that are extinct [42]. Experimental results have 
demonstrated their ability to migrate in the infarct-
affected area, to differentiate into skeletal muscle 
myotubes [43] and to improve angiogenesis, thereby 
improving heart function and accelerating the recovery 
of the heart muscle [44]. 

Several pilot studies have shown to some extent an 
improvement in LVEF and recovery of the ventricular 
chamber following the use of SM therapy.

Patients with severe ischemic cardiomyopathy, 
whose heart was injected with autologous SM, showed 
improvement in LVEF, as well as the New York Heart 
Association functional class after 6 or 11 months 
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after the surgery [45, 46]. Although these studies 
have demonstrated the feasibility, safety and modest 
effects of SM grafting for the treatment of ischemic 
cardiomyopathy, the high incidence of ventricular 
arrhythmia attacks following myoblast transplantation 
is drawing attention [47]. In addition, a recent six-
year study, conducted after SM cell transplantation 
in 7 patients with heart ischemia, implies that SM therapy 
did not improve left ventricular function [48]. Moreover, 
in the group of patients treated with SM therapy, a higher 
incidence of interventions was observed in those patients 
who had an implantable cardioverter defibrillator (ICD) 
compared to the control group [49]. Therefore, SM 
therapy has shown some therapeutic effects in patients 
with chronic ischemic cardiomyopathy, which will 
appeal to many scientists to investigate the therapeutic 
effects of SM therapy in patients with acute myocardial 
infarction.

OTHER TYPES OF STEM CELLS
Several clinical trials, that were completed, focused 

on the recovery of the heart, using angiogenesis 
and neovascularization in ischemic tissue [50]. 
Transendocardial injection of CD34+-cells from 
the peripheral blood into the heart of patients with 
ischemic cardiomyopathy (LVEF ≤40%) increased LVEF 
and the six-minute walk test, demonstrating improved 
left ventricular function and better exercise capacity 
[51]. In addition, CD34+-cell therapy in patients 
with various-severity angina and myocardial ischemia 
showed a significant reduction in the incidence of angina 
and tolerance to exercise [52–54]. The main adverse 
effects were not observed in these CD34+ treatment 
studies. It has also been reported that CD133+-cell 
therapy has positive effects on moderate improvement 
in cardiac function, without serious adverse effects, 
in patients with chronic ischemic cardiomyopathy, 
using intramyocardial injection [53–55]. However, 
a clinical trial called «Cardio133» showed no effect 
on left ventricular function and clinical symptoms 
in patients with chronic ischemia and impaired left 
ventricular function, treated with intramyocardial 
injection of CD133+-cells [56].

DISCUSSION
Numerous results have shown the effects of the 

treatment of ischemic cardiomyopathy using several 
types of stem cells. Although the number of CSC cells 
is limited (one cell at 8,000 to 20,000 cardiomyocytes), 
they can generate enough cardiomyocytes a day in order 
to preserve the balance of recovery of myocardial cells 
in a healthy heart. These cells cannot tolerate major 
acute damage to the heart tissue [57].

The CSC therapy is mainly focused on patients with 
myocardial infarction or left ventricular dysfunction, 

mainly due to cardiac fibrosis, when the affected area did 
not have enough blood flow and this therapy proved to be 
more effective in treating myocardial infarction than 
ischemic cardiomyopathy [24]. However, these limited 
clinical findings cannot fully demonstrate the practical 
abilities of CSC therapy in the treatment of ischemic 
cardiomyopathy.

To date, it is known that BM-MNC therapy has 
shown very different and disaggregated results, which 
have reported modest effects or that there are no positive 
effects in the function and left ventricular geometry. 
Fortunately, no major adverse effects were found 
in clinical trials. All in all, BM-MNC therapy has been 
widely used in patients with acute or chronic ischemic 
cardiomyopathy. However, contradictory results have 
been presented, due to the effects of numerous factors, 
which mainly involve the methods of isolating the bone 
marrow-derived mononuclear cells, as well as the type 
and total number of injected cells. Cell mechanisms that 
affect the efficacy of therapy include effective homing, 
proliferation and differentiation of the injected bone 
marrow-derived mononuclear cells [58].

These results are expected to be an initiative for larger 
randomized and controlled clinical studies, which 
is related to the improvement in the cell isolation 
procedure and the selection plan for transplantation. As 
for the SM cells, they have several unique advantages, 
such as autologous origin, they are easily accessible, easy 
to isolate, have a high level of flexibility, high resistance 
to ischemia, and a lack of carcinogenicity [55].

However, these vague and conflicting results have 
issued an order to initiate large randomized trials and the 
use of SM cells for further assessment of efficacy in the 
treatment of acute/chronic cardiomyopathy. However, 
what is worth keeping in mind is that ventricular 
arrhythmias can be a potential risk during SM treatment 
[55].

Of the several ongoing studies, it is expected to give 
more effective results. Further research is needed 
to develop new technologies in the treatment of ischemic 
cardiomyopathy. Thus, more preclinical and clinical 
trials are needed, which will illuminate the effects 
of cell infusion on the progression of cardiac recovery. 
Many other types of stem cells will be used to assess 
their practical abilities in the treatment of ischemic 
cardiomyopathy in the future.

FACTORS INFLUENCING THE STEM CELL 
TREATMENT OF ISCHEMIC CARDIOMYOPATHY
So far, it is obvious that the current status of the 

stem cell therapy is very promising, but it faces 
several challenges. First, many clinical results have 
demonstrated positive effects of stem cell therapy 
on the recovery of the heart, regardless of cell type 
and transplantation methods. Secondly, the current 
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results of stem cell therapy in the treatment of ischemic 
cardiomyopathy with high variability and diversity 
have shown mild to modest or even conflicting results 
in the function and left-ventricular geometry. Lastly, 
some types of stem cells and injection routes have 
shown severe side effects, such as cardiac arrhythmias 
and vascular restenosis. Many important factors affect 
the efficacy of cellular infusion, in patients with acute 
myocardial infarction or ischemic cardiomyopathy, 
including: cell transplant pathways, type and number 
of donor cells, as well as medical conditions of the 
patient [59–61].

PHENOTYPE AND STEM CELL NUMBER
The phenotype of transplanted cells has many 

correlations with safety and efficacy. MSC transplantation 
in patients with ischemic cardiomyopathy refers to more 
promising results and less side effects, contrary to SM 
therapy. The effects of random meta-analysis, performed 
on 888 animals, through 52 studies, reported that 
BMMNC therapy showed poorer results compared 
to MSC therapy [62]. Sensitivity analysis described that 
efficacy was more relevant in a large number of cells 
and subsequent injection of cells (≥ one week) [52].

A recent comparative clinical trial supported higher 
efficacy of MSC therapy compared to BMMNC therapy 
[60]. In addition, the number of injected cells in patients 
with varying levels of ischemic cardiomyopathy varies 
from study to study. A single clinical trial showed that 
a low dose of mesenchymal stem cell concentration 
(20 million) resulted in an increase in LVEF, compared 
to a group of patients injected with a higher cell dose 
(100 million and 200 million) [52],  consistent with other 
comparative results, that say a low dose of intramyocardial 
injection of CD34+-cells shows a greater improvement 
in exercise tolerance and reduction in the incidence 
of angina compared to a group of patients with a high 
dose of therapy [63]. These cases show the importance 
of the nature and dose of injected cells, which requires 
further research in detailed clinical studies.

ISOLATION PROCEDURE 
Cell preparation techniques are basically developed, 

but are to some extent variable due to different periods 
of incubation. Monoclonal stem cells isolated from 
the bone marrow are available and injected into patients 
on the same day after isolation, but other types of stem 
cells go through the selection, culture and expansion 
process, which can take several days or weeks. The usual 
methods for isolating mesenchymal stem cells and stem 
cells isolated from the heart include a large number 
of open procedures.

Different centrifugation speeds and the composition 
of the wash buffer during treatment of cells correlate 
with the therapeutic effects of ischemic heart disease 

[64]. Different protocols and components for isolating 
stem cells and their storage maintain great differences 
in response to the functional ability to return normal 
blood flow after BM-MNC transplantation [65]. 
Contamination of erythrocytes during the isolation 
process of bone marrow mononuclear cells also 
reduces cellular viability, migratory function, colony 
formation capacity, and neovascularization capacity 
[66]. Also, studies on the development of new 
technology are ongoing, in order to improve the quality 
and quantity of cells. A combination of preclinical 
and clinical studies will produce good results, in terms 
of developing the best and easiest way to generate 
the best cells in the body [67].

LOW VIABILITY AND HOUSING RATE  
OF TRANSPLANTED STEM CELLS AND STRATEGIES 

FOR INCREASING EFFICACY 
Although stem cell therapy imposes a promising 

approach to heart treatment and cardiac failure after 
a myocardial infarction, the problem of low efficacy 
imposes a number of issues. This occurs not only 
because of the significant loss of transplanted cells 
due to blood circulation, myocardial contraction 
and leakage from the site of the sting, but also 
because of the low level of survival of host cells due 
to environmental damage, arising after ischemic, 
hypoxic, inflammatory response or oxidative stress 
[68]. Various methods have been used to improve cell 
survival rates and to improve the functional capabilities 
of these stem cells. An improvement project involves 
the pre-treatment of cells by environmental conditions 
and pharmacological, genetic manipulation of stem 
cells prior to transplantation, combined transplantation 
of stem cells with molecules of extracellular matrix, 
nanofibers, hydrogel or fibrous adhesive; as well as 
a combination of therapy using two types of stem 
cells [69]. 

First, pre-treatment cells can maintain the standby 
state by activating cellular signaling pathways to make 
them resistant to the enemy environment. Hypoxia 
or pre-induction of shock waves has been effectively 
demonstrated to prevent extensive transplant cell 
transplantation through several processes, including 
modification of cell phenotype, secretion of different 
cytokines, and an increase in transcription and translation 
of antiapoptotic gene [68, 70, 71]. Preclinical studies 
have shown that treatment of mesenchymal stem cells 
with transforming growth factor-α (TGF-α), basic 
fibroblast growth factors, interleukins-1β (IL-1β) 
or transforming growth factor-β (TGF-β) improves 
myocardial protection and stimulates angiogenesis [72, 
73]. It has also been proven that lysophosphatidic acid 
and atorvastatin can save rat mesenchymal cells from 
hypoxic apoptosis [74]. 
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Secondly, the genetic engineering of mesenchymal 
stem cells has become a promising approach to 'improving' 
these cells in order to protect themselves from apoptosis 
in order to increase their retention rates and improve 
their ability to migrate and differentiate. Excessive 
expression of antiapoptotic, progenitor or homing 
receptors causes a significant improvement in the 
survival rate of mesenchymal stem cells and improves 
their migratory ability [75, 76].

Thirdly, subsequent transplantation of cells with 
extracellular matrix molecules, nanofibers, hydrogels 
or fibrin glues, can directly increase the retention rate 
of cells that are subjected to certain treatments and also 
stimulate cell survival and their differentiation [77].

An encapsulation of the cardiac stem cells within 
the matrix-enriched hydrogel capsule prevents 
cell death and improves retention of the cardiac 
stem cells [77]. The last two studies reported that 
the transplantation of mesenchymal stem cells, 
cultured on the nanomatrix or on the 3D extracellular 
matrix, can successfully improve the retention 
rate of mesenchymal stem cells and stimulate cell 
proliferation, adhesion and migration, which again 
demonstrated the potential application in regenerative 
ischemic cardiomyopathy therapy [78, 79]. 

Another experimental  study demonstrated 
the formation of a thick layer and the angiogenesis 
of transplanted single-layer mesenchymal stem cells 
by paracrine effects. However, the grafting of genetically 
modified cells has not been performed in undergraduate 
studies due to unpredictable consequences of rejection 
of foreign cells and arrhythmias [80].

Finally, combined transplantation of autologous 
skeletal myoblasts and stem cells separated from the bone 
marrow, demonstrated the feasibility and efficacy 
of patients with severe ischemic cardiomyopathy, 
without generating fatal arrhythmias and complications 
[81]. After combined transplantation of SM and bone 
marrow cells, patients have shown significant progress 
in cardiac function and angiogenesis, as well as reduced 
fibrosis. In addition, subsequent injection of human 
cardiac stem cells and human mesenchymal stem cells 
by intramyocardial infusion caused a greater reduction 
in infarction affected zone, greater progress in contractility 
of the left ventricle and improvement of stem cell survival 
rates, compared with each group of injection of separate 
type of cells and the placebo group, which reflects an 
important biological interaction between c-kit+-stem 
cells of the heart and mesenchymal stem cells. 

Thus, these preclinical and clinical results represent 
an important basis for further testing, in order to improve 
the quality of life and the cardiac function. Therefore, 
many unexplored and unknown fields deserve deeper 
testing, in order to find promising treatment of ischemic 
cardiomyopathy. 

CONCLUSION AND PROSPECTS
Summing up, it should be mentioned that the safety 

and feasibility of stem cell-transplant therapy in patients 
with ischemic cardiomyopathy have been widely studied 
in numerous clinical studies. MSC and BM-MNC 
cell therapy have been widely tested in patients with 
acute or chronic ischemic cardiomyopathy and certain 
therapeutic effects have been demonstrated. MSC 
therapy shows more promising results in patients 
with acute myocardial infarction and is a good basis 
for clinical applications in the near future. Although 
SM, CD34+ and CD133+ were used in patients with 
ischemic cardiomyopathy, they showed less application 
potential than treatments with MSC and CSC cells. 
Similar results of transplantation of these types of stem 
cells have shown modest and controversial improvement. 
However, the inconsistent results of the efficacy 
assessment are not surprising, due to the use of various 
techniques and doses of cellular transplantation, due 
to the use of several pathways for transplantation 
and due to different conditions in patients. Overall, 
the mesenchymal stem cells and stem cells of the bone 
marrow seem to have greater application potential, 
based on the results of a comprehensive analysis. As 
for pathways for cell transplantation, intramyocardial 
and intracoronary pathways show much greater potential 
than intravenous injection. Mechanisms of action of cell 
pretreatment include paracrine effects by activating 
cytokines, chemokines, and increasing factors that 
will inhibit cell apoptosis and fibrosis, and activate 
the endogenous regenerative system. 

Other elements need to be deeper examined in order 
to achieve maximum efficiency in terms of optimal 
separation process, good stem cells, cellular dose, 
timing and cell transplant pathways, as well as clinical 
indications. While a large number of comparative studies 
provide very important results, they are not sufficient 
to offer the best choice of therapeutic programs. Large 
random studies are ongoing, in order to optimize 
therapeutic effects. 

In addition, other cell types, such as human 
mesenchymal cord stem cells, mesenchymal stem 
cells from the umbilical cord blood and mesenchymal 
stem cells separated from the fat tissue, show a good 
prospect in the application of the treatment of ischemic 
cardiomyopathy. This detailed conclusion will stimulate 
great interest in additional and large clinical trials. 
We believe that through the continuation of research 
and joint multidisciplinary efforts, the transplantation 
of multipotent stem cells will produce a satisfactory 
response to the treatment of patients with ischemic 
cardiomyopathy.

Since cardiovascular diseases (CVD) are the leading 
cause of morbidity and mortality in the world, it is 
necessary to develop new technologies that will 
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enable the treatment of these diseases. Progress 
in the field of molecular and cell biology allowed 
the illumination of genetic causes involved in the 
development of cardiovascular diseases, highlighting 
a new point of view in terms of prevention and treatment. 
Thus, the rapid development and improvement 
of genome editing techniques, such as CRISPR-Cas9, 
make it possible to influence the complex genome that 
controls the onset of the disease. Molecular biologists 
seek to develop a methodology that can nullify or 
mitigate the effects of CVD-inducing mutations, 
and it is necessary to establish molecular mechanisms 
for the regulation of mutated genes and to overcome 
the problems of transferring therapeutic genetic material 
into mutated cells.

Stem cells are considered a revolution in regenerative 
medicine, and their combination with genomic therapy 
today suggests great potential for the treatment of various 
diseases. However, gene therapy is a reality, as well as 
the fact that they have their place in medicine. It is 
important to point out that gene therapy should be 
tackled with a high degree of scientific, professional 
and ethical responsibility, since it is not possible 
to exclude the possibility of genetic manipulations that 
are dangerous to human health.
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