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ABSTRACT

Regenerative medicine is one of the most innovative branch of
medical research. The most striking form of research was made
in stem cell therapy. It laid the framework of application of cell
based therapies that could be used to cure diseases. The
regenerative capabilities of stem cells could be useful for
diseases such as cardiovascular disease and Parkinson's disease.
However, there is still no general consensus regarding the type
of stem cell that could be used for tissue regeneration. This
promising ability of stem cells has made stem cell therapy an
advanced and new-fangled scientific research field. The
regenerative aspect of stem cells have prompted researchers to
explore its potential applications in damaged and diseased
tissues. So, the application of novel stem cell therapies could
achieve ambitious aim of effective regenerative medicine for
diseases such as cardiovascular diseases and Parkinson’s
disease. But the major conundrum of stem cell research is
associated with the use of a particular cell type that can harness
the expected regeneration of desired tissue. There is still no
general consensus regarding the type of stem cell that can
instigate the regeneration of tissues. This review provides a
general overview about the most prominent cell types that can
be used in regenerative medicine associated with cardiovascular
and Parkinson's disease. Moreover, this review highlights the
advantages as well as disadvantages of each cell type.




www.ijppr.humanjournals.com

INTRODUCTION

Stem cells can simply be defined as immature cells that has the ability to self renew and
regenerate into different cell types. Stem cells exist both in embryos as well as in adult cells.
The differentiation potential of stem cells are the basis of stem cell research. Stem cells play a
crucial role in homeostasis and tissue repair. During an injury, a stem cell will undergo cell
division and, turns into a daughter cell and a progenitor cell. Progenitor cells are the
intermediate type of cells that exist between the undifferentiated stem cells and fully
differentiated cells. So, progenitor cells only give rise to a specific type of cell. With each
step in differentiation, a stem cell reduces its ability to differentiate. Based on the
differentiation potential, a stem cell can be called as totipotent, pluripotent, multipotent and
unipotent stem cells. Totipotent stem cells are capable of dividing and differentiating into a
whole organism. It is the stem cell with highest differentiation potency. Pluripotent stem
cells (PSCs) form cells of all germ layers but not extraembryonic structures, such as the
placenta. Multipotent stem cells have an even narrower spectrum of differentiation. They can
only form cells of specific lineages. Unipotent stem cells are the ones which have least
differentiation potency as they can only form one type of cell. So the type of stem cell used
for regenerative medicine is of immense importance as it is the differentiation potency of the

stem cell that helps in tissue grafting.
CARDIOVASCULAR DISEASES

Cardiovascular diseases remains as one of the most dominant factors of mortality worldwide.
They are the leading of cause of death in India. Cardiovascular diseases include various
disorders affecting the heart and blood vessels: coronary heart disease, peripheral arterial
disease, rheumatic heart disease, congenital heart disease, deep vein thrombosis, Ischaemic
heart disease, stroke and pulmonary embolism. Among these, Ischaemic heart disease and
stroke are the major causes of more than 80 percentage of cardiovascular disease related
deaths. Despite having various pharmacological and surgical interventions, cardiovascular
diseases still remains as a major factor of mortality as none of the current treatment strategies
can regenerate heart tissue. Stem cell therapy has the potential to revolutionize the

conventional methods of treatments associated with cardiac disorders.
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Bone marrow derived mesenchymal stem cells (BM- MSCs)

Human mesenchymal stem cells are non-haematopoietic multipotent stem cells which has the
capability to differentiate into osteocytes, adipocytes and chondrocytes. Both small and large
animal studies of these cells showed promising results. Orlic et al were among the first to
show an improvement in cardiac function after intramyocardial injection of BM-derived
mesenchymal stem cells into female mice in an acute myocardial model.™ That study shows
the successful differentiation of BM-derived stem cells into cardiomyocytes, endothelial
cells, smooth muscle cells, and vascular structures in the infarcted region of the heart.
Another small animal study by Kudo M et al also showed significant engraftment of the
MSCs and its differentiation into cardiomyocytes. [ The infarct size as well as the number of
cardiomyocytes were significantly improved. In large porcine model study by Amado LC et
al, demonstrated that allogenic MSCs can be delivered via injection, to a region of damaged
myocardium where it was engrafted successfully. I These engrafted MSCs dramatically
reduced the extent of necrotic myocardium and promote the regeneration of new, contractile

myocardium along the subendocardial surface of the myocardial infarction.

Karantalis et al demonstrated that the intramyocardial injection of MSCs in patients
undergoing CABG reduced scar size and improved tissue perfusion as well as regional
function predominantly at the site of injection. ™ These findings are consistent with other
studies of cell-based therapy in the setting of cardiac surgery, in which there was an increases

in left ventricular ejection fraction and decrease of scar tissue.”!
Cardiac stem and progenitor cells

Cardiac stem cells are cells which are residing within the heart in a limited number. They
give rise to cardiac progenitor cells which migrate to the site of injury when a need for repair
arises. But these cells will get depleted during large infarction occurring to the heart. Beltrami
et al conducted the landmark study on an adult rat, discovering the presence of self-renewing
c-Kit" cells in the adult heart, able to differentiate into cardiomyocytes, endothelial cells and
smooth muscle cells and to support the regeneration of injured heart tissue. 61 Oskouei BN et
al study compared the differentiation potential of cardiac stem cells with that of bone marrow
derived mesenchymal stem cells.l’l The major finding of that particular study was that, human
fetal heart-derived c-kit" cardiac stem cells attenuate cardiac remodeling, decrease infarct

size, improve left ventricular function, and differentiate into blood vessels and myocardium
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with greater potency than bone marrow-derived MSCs. Furthermore, a systemic analysis by
Zwetsloot PP et al which include 80 preclinical studies revealed significant improvement of
ejection fraction in preclinical animal models of myocardial infarction compared with

placebo.

In 2011, the phase 1 clinical trial (SCIPIO) was conducted and its data revealed that the
intracoronary infusion of autologous cardiac stem cells was effective in improving left
ventricular systolic function and reducing infarct size in patients with heart failure after
myocardial infarction. [ However this particular article was retracted later. Another phase 1
clinical trial (CADUCEUS) showed reduction in scar mass and no patients died. But there
was no changes in end-diastolic volume, end-systolic volume, and left ventricular ejection
fraction between the patient and control group. [° Ishigami et al conducted the phase 2 of
clinical trials (PERSEUS) in 2017, which showed the improvement of ventricular function as
well as growth in cardiosphere derived cells treated patients. The study also reports improved
heart failure status, somatic growth and quality of life in patients. % So, even though phase 2
PERSEUS trial reported a much better result than the CADUCEUS trial.

Embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs)

Embryonic stem cells are stem cells which are derived from the inner cell mass of the
blastocyst and they can differentiate into all three of the germ layers (endoderm, ectoderm
and mesoderm). Induced pluripotent stem cells are the type of stem cells which can be
derived from adult cells.In 2006, the land mark study was conducted by Takahashi and
Yamanaka, reported the generation of pluripotent stem cells from mouse fibroblasts tissue. !
1 year later, they generated human iPSCs from human fibroblasts. [**l Both embryonic stem
cells and induced pluripotent stem cells have shown promising results in animal models.

Kawamura M et al used.

hiPS-CM-sheet transplantation technique in order to transfer iIPSCs to the infarcted
myocardial region in a porcine model. [** The hiPS- CM sheet was able to produce improved
cardiac performance, angiogenesis, and an attenuated left ventricular remodelling.Chong JJ et
al study was able to produce human ESC-derived cardiomyocytes in macaques. [’ More than
one billion ESCs were delivered via intramyocardial route to generate extensive
remuscalarization of infarcted heart. Promising preclinical studies of ESCs lead to the
initiation of phase 1 clinical trial in 2017 (ESCORT). 816 ischaemic heart failure patients
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who were included in the ESCORT trial showed improved left ventricular ejection fraction
and only one patient died early in the trial due to cell unrelated comorbidities. Despite
promising results, both ESCs and iPSCs are associated with teratoma formation.™*
29lFyrthermore, genomic instabilities has been reported in iPSC lines which are resulting from

pre-existing variation on the parent cell.[?!]
PARKINSON’S DISEASE

Parkinsonism is a nuerodegenerative disease characterized by the deficiency of dopamine. It
mainly affects the basal ganglia of the central nervous system, causing tremor, rigidity,
bradykinesia, gait disturbances and postural instability. Since ageing is a risk factor
associated with Parkinson's, prevalence of Parkinson's disease is expected to increase in the
coming decades. Till date, none of the pharmacological as well as surgical interventions
associated with the disease, can completely cure the disease. This is because of the lack of
treatment strategies that can actually bring back the degenerating dopaminergic terminals. So,
stem cell therapy possesses the potential to provide better therapeutic results as they have the

ability to differentiate as well as self renew.
Human fetal ventral mesencephalon (FVM)

FVM tissue obtained from aborted fetuses were the most prominent source of dopaminergic
cell source in the 1980s and 1990s. Following promising preclinical studies, first clinical trial
was conducted by OlleLindvall et al.[?21 But it showed only modest clinical improvements for
the 2 patients involved. Later studies with higher patient population showed significantly
better results. [* 2IFreeman TB et al study involved 4 Parkinson's patients had fetal nigral
transplantations. Grafts were bilaterally implanted into the post commissural putamen using 3
to 4 donors per side with a gestational age of 6 1/2 to 9 weeks post conception. All of the
patients involved experienced clinical benefits.[?l Another study by Brundin P et al had
bilateral human embryonic mesencephalic tissue transplantation in 5 Parkinson's patients. All
of the patients experienced symptomatic relief and had proper graft survival. One key feature
of this particular study was the usage of the lipid peroxidation inhibitor tirilazadmesylate

which was used to increase graft survival rate. (2!
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Embryonic stem cells (ESCs)

ESCs treated animal models have shown improvements in Parkinson's disease. [%5IM.
Acquarone et al study used mitomycin treated ESCs on a mouse model and produced
significant improvement in motor function and reduced akinesia without tumor formation.?
Despite behavioral recovery after transplantation of ESCs-derived neural cells in animal
models, little is known about the mechanisms underlying graft function in this
study.?lAnother important discovery associated with the embryonic stem cells is regarding
the ESC derived nueral cell grafts. A retrospective study by Kirkeby Aet al analysed 500
grafts to identify factors that determined a successful ESC graft outcome.[?! It was found that
the grafts containing a high content of tyrosine hydroxilase-positive cells were seen in those
grafts that were enriched for neural progenitor cells expressing markers found in the caudal
midbrain. Further investigations needs to be done to reach conclusive evidence regarding the
potential of ESCs.

Nueral stem cells (NSCs)

Nueral stem cells are cells which are capable of differentiating into group of nueral sub cell
types such as neurons, astrocytes and oligodendrocytes. One of the major advantages of the
NSCs is that, the preliminary studies revealed that it can differentiate into dopaminergic
neurons, make the host microenvironment optimal for survival of grafts and can induce
behavioural recovery.?”-28l0ne major study on nueral stem cells was done by X. Deng et al in
2013.°1 In that particular study, glial-derived neurotrophic factor (GDNF) was co
transplanted along with NSCs and fetal dopaminergic neurons improved the graft survival
and promote the differentiation of NSCs into dopaminergic neurons at the transplantation
site.l? They obtained a much higher differentiation rate compared to other studies. % Glial-
derived neurotrophic factor is a protein that is encoded by the GDNF gene. It is a prominent
protein which is involved in promoting the differentiation of the dopaminergic neurons. The
X. Deng et al study proposed that, the promising results that they got was because of the
GDNF gene overexpression and its cooperative interactions with the NSCs and dopaminergic
neurons. Recently, a phase | study of transplantation of NSCs for PD patients was reported
from Turkey. BLenglige et al study involved 21 patients who had NSC transplantations from

ESCs improved motor functions without any significant adverse effects.
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CONCLUSION

The current studies of stem cell types associated with cardiovascular and Parkinson's disease
reveals that, there is still a large scope for research remaining.Among cardiovascular stem
cell types, cardiac stem and progenitor cells were the ones which showed promising results as
they showed significant clinical improvements in phase 2 of the clinical trials. Both iPSCs
and ESCs have been associated with teratoma formation and studies associated with
mesenchymal stem cells hasn’t been done on a larger scale. In the case of stem cell types
used for Parkinson's disease, no studies have been done on a larger scale. Among the cell
types, from these preliminary studies, NSCs are the ones which is showing desirable results
as the survival rate of their grafts are high and differentiation rate was much more compared
to other studies. Another advantage of the NSCs were its ability to make the host
environment optimal for host survival. However, none of these studies provide conclusive
evidence. So, all of these stem cell types reveals a need of better understanding of molecular
mechanisms and further research strategies need to be initiated to completely utilise these

cells achieve the desired therapeutic results.
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