
© Stem Cell Investigation. All rights reserved. Stem Cell Investig 2020;7:19 | http://dx.doi.org/10.21037/sci-2019-048

 

Introduction

Cardiovascular diseases are those severe and life threatening 
disorders that reduce the life span of a person and ultimately 
affect the quality of its life (1). In spite of the establishment 
in medicine and surgery, it remains the biggest threat 
that lead to increase in mortality rate (2). Globally the 
estimation of population that is being affected is about 
40 million (1). Ventricular filling or blood ejection are 
followed by restlessness, fatigue, congestion and edema are 
some major causes of heart failure (1,3). The heart muscle 
is totally destroyed by Ischemia, swelling and remodelling 
after the heart attack (4). One of the wonders of the modern 
era is Stem cell therapy which becomes the solution of our 
problem involves characterization, isolation, expansion and 
differentiation of these cells and give us a proper way to 
treat this epidemic (4). Stem cells and the exosomes that 
are derived from it helps in repairing the damaged tissue of 
heart (5). Embryonic and adult stem cells are effective in 
this regard, where they further differentiate into induced 
pluripotent stem cells (IPSC’s), adipose tissue stem cells, 
Cardiac stem cells and Umbilical cord stem cells (1). The 
effective myocardial stem cell therapy is responsible for the 

replacement of damaged tissue to the functionalized ones. 
Organ formation, development of embryogenesis and tissue 
regeneration are the vital functions of stem cells. They are 
capable of ‘self-renewing’ and have the ability of forming 
vessels and tissues (6). The three germ layers are formed 
by the stem cells (7). In the recent studies it has been found 
that the stem cells of adipose tissue have the potential of 
restoring cardiac function (2). Although there are some 
limitations like relative immaturity, graft retention in 
sufficient cellular proliferation and small graft size, yet it is 
a novel option for treating this disorder (8).

Classification of stem cells

Stem cells are categorized on the basis of their potential and 
site from where they are obtained or harvested.

(I) Pluripotent stem cells are those cells that divide 
and regenerate into three germ layers and in all 
types of cells of the adult except extra embryonic 
tissues

(II) Totipotent stem cells have the potential to form 
three germ layers and along with extra embryonic 
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tissues.
(III) Multipotent stem cells differentiate into a narrow 

and restricted range of cells.
(IV) Unipotent stem cells are those cells that established 

into one type of cells (9).
Heart failure leads the life of a healthy person to a drastic 

level. Recent study in different types of cardiomyopathies 
helps us and gives approach to treat this disorder by 
simultaneous revascularization and stem cell therapy. Stem 
cells work efficiently when they are responsive to their co-
morbidities (1).

Stem cells used in cardiac regeneration therapy 

The different types of stem cells now differentiate into 
cardiac cells as shown below in (Figure 1).

Skeletal muscle cells

These cells are taken from the basil lamella of skeletal 
muscle fibre. They improved the heart functioning 
because they easily form myotubes and does not involved 
in ventricular remodelling. Recent investigation showed 
that due to the absence of a junction gap they failed 
to generate arrhythmias, thus not a suitable option for 
cardiomyopathy (1).

Induced pluripotent stem cells

We used transcriptional factor to for obtain these cells from 
adult fibroblast. They are having the same characteristics 
and structure as that of embryonic stem cells so it gives a 
benefit in this case. They restore the cardiac function by 
integrating into it. The nonspecific pluripotent should be 
removed to maintain homogeneity and specificity (1).

Adipose derived mesenchymal stem cells

An attractive approach for obtaining stem cells by easy 
harvesting procedure. Study on rodents gives us beneficial 
results but not evident in humans (1). The cardiac repair 
through these adipose derived stem cells is effective because 
of its paracrine effect. Rather than differentiation into 
lineage cardiac cells; anti apoptosis, pro-angiogenesis and 
inhibition of fibrosis make them a better option, but they 
have problem of low cardiac retention and survival rate 
which are affected because of rejection after transplantation. 
Researchers have proposed a solution to this serious 

problem by confirming the secretion of paracrine through 
various strategies involving genetic, pharmacological, 
physiological, physical and cytokine pre conditioning and 
tissue engineering to allow ACS’s to release the secretome 
(2,10).

Cardiac stem cells

Investigation on animal models shows that they improved 
the left ventricular function by expressing c-kit. They form 
clusters of cardiospheres by the suspension culture in vitro. 
A good yield had been obtained during animal and human 
investigations (1,11).

Embryonic stem cells

They show similarity to pluripotent cells but they are 
actually inner mass cells of the human embryo which 
are undifferentiated. They can easily establish ectoderm, 
endoderm and mesoderm. Cardiac cells are easily derived 
from them but due to some ethical issue their use is 
restricted. The immune system is also responsive to it. 
Moreover, genetic stability is also a major issue that we  
face (1). In a study in rat hearts, we come to know that these 
cells result in increase in contractility, improvement in the 
structure of myofibril and proper handling of calcium in 
engineered heart tissues. They are less stiff as compared to 
MSC’s so enhance the graft size and improve the function (8).

Mesenchymal stem cells

Mesenchymal stem cells therapy has saved many lives. In 
an experiment in which we use three data base and meta-
analysis is performed on outcomes of death, readmission, 
the 6-min walk test (6MWT), New York Heart Association 
(NYHA) class and left ventricular ejection function (LVEF). 
Six hundred and twelve patients are treated with MCS’s 
having death rate reduction 36%. In readmission there is a 
reduction of 34%. An improvement of 40.44 m in 6MWT 
and in NYHA and LVEF groups 95% and 5.25% reduction 
is observed (3). Moreover, MSC’s treated with platelet-
rich plasma has a greater influence than MSC’s alone (12). 
Vesicles derived from MSC’s are used for the treatment of 
many disorders (13).

Cortical bone stem cells

We have evident in an experiment on mini-swine that if 
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we use cortical bone stem cells after myocardial infraction 
can increase the pump function and decrease the scar size. 
CBSC’s leads to the death of cardio myocytes (CM) and 
non-CM. It also involves in the formation of immune cells 
after myocardial injury (14).

Activation and regulation of stem cells

Stem cells play a significant role throughout the lives. 
Nearly all types of tissues of brain heart, skin and organs 
are formed through them. This mechanism is greatly 
affected due to the loss of stem cell activity. It is evident 
that stem cell activity is significantly depend on activation 
mechanism and cellular signalling that involved cytokines 
(il7, il23, G-CSF), metabolic factors, extracellular matrix 
and supporting cells that lead to improve the mobilization 
mechanism otherwise this irregular impairment can lead to 
heart failure (15,16).

Induced pluripotent stem cells and 
cardiovascular disease

IPSC’s increase the survival of tissue and neighbouring 
cells through paracrine effects. Investigations have shown 
that extracellular vesicles derived from these stem cells 
undergo intercellular signalling and communication and 

are affective in survival of CM and prevent them from 
apoptosis. These vesicles become a promising approach 
for drug delivery and immunotherapy (1). Hypertrophic 
cardiomyopathy is caused due to the mutation that code 
sarcomeric protein results in abnormal thickness of left 
ventricular wall and interventricular septum that lead 
to high risk of heart death. For studying such a serious 
disorder only animals’ models are available. So in this case 
we used induced pluripotent stem cells to form cardiac 
tissues and studied the mutation of gene in them. It is 
observed that there is a mutation in R326Q in MYBPC3 
gene which is the main reason of this cardiomyopathy and 
easily studied by IPS’s (17).

Approaches for cardiac regeneration

In experimental studies on zebra fish, newt and neonatal 
mice it is observed that adult mammalian CM differentiated 
and proliferative in a limited range. When fibrous scar 
tissues are used for repairing damage heart they lead to 
contraction reduction and ultimately heart failure (18). So 
for repairing heart an approach of using CMs derived from 
PSC’s become a promising alternative as shown in Figure 2.  
Human CMs have the capacity to rapidly proliferate less 
than one percent per year therefore adult CMs are also 
prove better in this regard (19).

Figure 1 Types of stem cells for cardiac regeneration. Embryonic and adult stem cells are the two alternatives for a failing heart survival. 
Adult stem cell is further classified into cardiac stem cells, skeletal muscle stem cells, umbilical cord stem cells, adipose tissues and iPSC’s. 
The CM derived stem cells are further divided into MSc, HSC and EPC’s. iPSC’s, induced pluripotent stem cells; CM, cardio myocytes; 
EPC’s, endothelial progenitor cells. 
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The generation of PSC-CMs

Two methods are currently available for the generation 
of CM from PSCs. They are adherent and suspension 
cultures. Growth factors or small molecules such as Wnt 
modulators, bone morphogenetic protein 4 and activin 
A are all needed for proper cardiac tissue development. 
After 10 days of differentiation, the cells start working, but 
priorly elimination of undifferentiated cells is necessary. 
For purification surface markers and glucose depletion with 
lactate supplement are needed (19).

Preclinical transplantation studies of PSC-CMs

Dispersed and tissue engineered cells both methods are 
used for transplantation. The former can be easily prepared, 
cryopreserved and directly injected, but it has a serious 
disadvantage that it leaks from the site of administration 
and do not retain after transplantation. On the other hand, 
the tissue engineered cells do not lost and have the better 
chance of survival and retention (19).

Hurdles for clinical applications 

The chances of arrhythmias after the transplantation of 
cardiac tissue, automaticity and rejection by the immune 
system are still the hurdles that we have to face during our 
clinical application (19).

Improvement in cardiac dysfunction

One of the types of cardiomyopathy is Arrhythmogenic 
right ventricular cardiomyopathy (ARVC) which is 
inherited and caused by fibrofatty replacement. It results 
in cardiac dysfunction. It is evident that type 5 is caused by 
p.S358L mutation in trans membrane protein 43. In a study 
we observe the transgenic mice TMEM over the expression 
cause death. The replacement is caused due to TMEM 
mutation. For treatment, over the expression of AB1 
and GSK3B inhibition can lead to prevention of cardiac 
function (20).

Another study showed that two groups Exo and LExo 
having exosome from bone marrow derived mesenchymal 

Figure 2 CM Derived PSC’s an alternative approach for cardiac regeneration therapy. It demonstrated hMSC loaded patch implantation 
cause the maturation of hPSC-CMs. The cells become elongated, rectangular and organized developed into mature adult CM’s. Functional 
maturation of intramyocardially injected hiPSC-CMs is particularly important. This reduces the potential risk of arrhythmias, which is a 
major cause of sudden cardiac death. CM, cardio myocytes.
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cells can lead to increase in M2 polarization and decrease in 
M1 polarization due to LPS. The M2 macrophages involve 
post-infraction inflammation and apoptosis of CM which 
draw a conclusion that a low concentration of exosome is an 
appropriate treatment after myocardial infraction (21,22).

Tracking of viability of stem cells 

Using imaging tools, we can detect and check the whether 
the stem cell is feasible or not, which greatly affect cardiac 
repair. Nanoparticles are used for photoacoustic imaging. A 
contrasting agent for this purpose is Nano rod of gold that 
are coated with IR775C, a reactive oxygen species (ROS) 
that show sensitivity in the infrared region. When cell 
degrades it produces ROS when we compare the signals of 
IR775C to ROS, we can easily tract the stem cell location. 
It involves longitudinal tracking (23).

Cardioprotective affect for the stem cells

When cells are engrafted, they are mostly destroyed by 
the oxidative environment, which ultimately reduces 
the effectiveness of the procedure. In a clinical trial it is 
observed that Pre-Incubation with omega-3 fatty acid 
including, eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) and ascorbic acid (AA) before hydrogen 
peroxide treatment protects the embryonic stem cells along 
with improvement in fibrosis. It also increases cell viability 
before transplantation (24).

Applications

Pharmacological studies 

IPSC’s-ECs provide us an opportunity to study the effect 
of different drugs on them. Pravastatin response to them is 
observed and normal and obese mice. Anti-hypersensitive 
drugs are also investigated which showed resistance to 
hypertension in CM and vascular smooth muscles derived 
from IPSC’s (7,25).

Organ on a chip

It is a three dimensional cell culture chip that is used for 
research in tissue engineering, fabrication and formation 
of human organs using human cells. Due to lack of model 
stem cells have become a source in this regard. It is form 
various systems such as human vascular micro physiological 

system to study the human disease, drug responses and 
three dimensional vascular network engineering (7).

Graft engineering

Vascular and valvular grafts are produced by using stem 
cells that are durable and affective. Moreover they are 
non-immunogenic and are best suited for cardiovascular 
disorders. They are also involved in whole organ graft 
engineering (7,25).

Conclusions

Stem cell therapy is widely used in many types of studies 
and research and in different types of cardiomyopathies. 
Different protocols and procedures are available and their 
introduction in living system and prevention from immune 
rejection is a challenging task. This therapy is also affected 
by a number of factors. Different types of stem cells are 
used for the generation of cardiac tissues and hence in this 
era of modern medicine stem cells become a wonder to 
treat and cure a number of patients. And in near future use 
of nanoparticles for its tracking make it a better option.
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