Nature and Science, 2012;10(2) http://www.sciencepub.net/nature

Perspective of the Stem Cell therapy in Cardiovascular Disease
Tiffany Eschweiler ' Yucui Zhu ', Ludwika E. Delatorre ', Yan Yang 2 Hongbao Ma 2,‘Huaijie Zhu " *
! Columbia University, Medical Centre, 630 West 168th Street, New York, NY 10032, USA; *Brookdale University

Hospital and Medical Center, Brooklyn, NY 11212, USA
* hz42@columbia.edu, jacksun689@gmail.com

Abstract: Stem cells are population of immature tissue precursor cells that is capable of self-renewal and provision
of replacement cells for many tissues. The regenerative cardiovascular medicine to use stem cell therapy that is a
novel approach is feasible, safe and potentially beneficial in patient with cardiovascular disease. Recent clinical
results have shown the feasibility of adult autologous cell therapy in acute myocardial infarction in humans. Stem
cell therapy represents a fascinating new approach for the management of heart diseases. The conclusion of the
research and clinical trial on the stem cell transplantation in different heart disease have been obtained exciting
results of treatment, the results bode well for the myocardial regeneration by using human stem cells in the future.
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Fig. 1 Differentiation of Stem Cell

2.  What are stem cells?

Stem cells are population of immature tissue
precursor cells that is capable of self-renewal and
provision of replacement cells for many tissues. In the

other words, stem cells are unspecialized cells that ] )
have two defining properties: the ability to the same potential. Later in development, the cell

differentiate into other cells and the ability to divides asymmetrically with one of the daughter cells
self-regenerate. produced also a stem cell and the other a more
differentiated cell (Fig. 2).

Self-regeneration is the ability of stem cells to
divide and produce more stem cells. During early
development, the cell division is symmetrical i.e. each
cell divides to gives rise to daughter cells each with

The ability to differentiate is the potential to
develop into other cell types. A totipotent stem cell
(e.g. fertilized egg) can develop into all cell types
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3. What is the Regenerative Cardiovascular
Medicine?
Like what the described above, the

Self-regenerative and differentiate are the two major
aspects of Stem cells that are different another somatic
cells. The research and developing of the Stem cell
created a novel medical field that was called
Regenerative Medicine. The concept of Regenerative
Cardiovascular Medicine is using the body’s own
stem cells and growth factors to repair tissues which
might become a reality as new basic science works
and initial clinical experiences have “teamed-up” in an
effort to develop alternative therapeutic strategies to
treat the diseased myocardium.

The Regenerative Medicine-Regenerative
Cardiovascular Medicine births brought a great
revolution in the medicine history. Because the
Regenerative Cardiovascular births, many patients
suffered from cardiovascular disease were away from
the suffering to have the normal life, and may patients
also were away from dead to obtain relive. And
Because the Regenerative Cardiovascular Medicine
births, there are some cardiovascular disease are
ongoing to be a goodbye plan and have a good trip of
no cardiovascular disease in human life.

4. Do the Cardiovascular Disease is cured by Stem
Cells transplantation?

The Cardiovascular Disease have been
recognized a serious disease on human health body
since having the human medicine. But, there were
many cardiovascular disease patients to be dead from
the not enough knowledge and treatment approach.
The modern molecular biologic technical come out
after another that reveal some etiology and mechanism
of Cardiovascular Disease. So,the cardiovascular
disease treatment have been occurring a bigger
developing, the doctors and research scientist have
been created many approach to cured some patients
suffered from the cardiovascular disease with the
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etiology of mechanism and dynamic reasons. But
aside from the cardiovascular disease occurred by
mechanism and dynamic reasons, there are many
cardiovascular disease with the myocardium tissue,
cell and blood vessel damaged by the reasons of
ischemic, myocardial infarction and etc, which
couldn’t be cured by removing the mechanism and
dynamic reason, and can’t also cured by any
pharmaceuticals.

It would be a good approach for treating the heart
disease by studying the strategy and tactics in the stem
cell transplantation.

5. The Cardiovascular Disease being away from
Human should be the Results of current Research
and the Clinical Practice

5.1. The heart angiogenesis related with the stem
cell transplantation

Endothelial cells alone can initiate the formation
and sprouting of endothelium-lined channels, namely
angiogenesis, in response to a physiological or
pathological stimulus. Peri-endothelial cells are
required for vascular maturation. Recruitment of
smooth muscle cells provides these vessels with
essential viscoelastic and vasomotor properties and
enables accommodating the changing needs in tissue
perfusion. This later stage is called arteriogenesis and
has a major role in collateral growth.

Endothelial progenitor cells could be isolated from
peripheral blood and/or bone marrow and showed
incorporation into sites of physiological and
pathological neovascularization in vivo after either
systemic injection or using direct intramyocardial
transplantation.

In contrast to differentiated endothelial cells,
transplantation of progenitor cells successfully
enhanced vascular development by in situ
differentiation and proliferation within ischemic
organs.8 On the basis of these findings, the beneficial
property of endothelial progenitor cells is attractive
for angiogenic cellular interventions and as
cell-mediated vehicles for gene therapy applications
targeting regeneration of ischemic tissue and of failing
hearts.

5.2. Heart Muscle related Stem Cell Differentiation
and Self-regenerative

The transplant cells of primarily noncardiac
origin, such as human bone marrow-derived
mononuclear cells containing human stem cells that is
the principal aim on the heart disease curing. These
cells may operate as a precursor of heart muscle tissue
and of coronary blood vessel cells.

The Human bone marrow contains hematopoietic
(1% to 2%) and mesenchymal stem cells (<0.05%).
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Both types of stem cells may contribute to heart
muscle repair. Hematopoietic stem cells are progenitor
cells for many types of cells, eg, endothelial cells,
which may also differentiate to heart muscle cells.

Mesenchymal stem cells are progenitor cells for
types of cells such as heart muscle cells, as well as for
a variety of cells of noncardiac concern. Recent results
in mouse experiments suggest the potency of
extracardiac progenitor cells for transdifferentiation
into new cardiomyocytes after acute experimental
myocardial infarction.A experimental provided that
the bone marrow cells cultured with 5-azacytidine
differentiated into cardiac-likeheart muscle cells, as
well as for a variety of cells of noncardiac concern.

Thus, there is growing evidence for a repair
function of extracardiac cells, eg, from bone marrow
in the case of cardiac lesion and the necessity of
myocardial healing, although these results are not
unanimously approved.

5.3. Milieu-Dependent  Differentiation and
Enhanced  Environment after Stem cell
transplantation

5.3.1. The fate of Stem Cell is guided by the engraft
environment to become the aim tissue

Normal growth and ultimate stem cell fate
depend on engraftment in an appropriate “niche.”
Studies from several species demonstrate that bone
marrow-derived stem cells are stem cells for various
mesenchymal tissues. The cells are therefore not
simply stromal precursors, but precursors of
peripheral tissues, such as heart muscle. Nonetheless,
the mechanisms by which the local milieu influences
stem cell differentiation are as yet undetermined. Thus,
it seems that the fate of bone marrow stem cells is
determined by the environment in which they engraft
rather than by an intrinsically programmed fate.

5.3.2.The engraft tissue functional activity enhance
the transdifferentiation of Stem Cell
transplantation

It is the final poupose for the stem cell
transplantation to promote the transplanted stem cells
differentiating  to  cardiomyocytes.  Therefore,
enhancement of functional activity of the specific
organ’s niche for heart muscle, eg, by positive
inotropic (pharmacologic augmentation of
contractility) or by positive chronotropic stimuli (heart
rate increase by exercise), may promote and intensify
the transdifferentiation of bone marrow-derived stem
cells to the cardiomyocyte phenotype. After an injury,
eg, myocardial infarction, or a cellular damage, eg, in
severe pressure or volume overload of the heart,
specific factors, including cytokines, stem cell factor,
and various growth factors, that stimulate -cell
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replication and substitution in the injured tissue are
released by the surrounding cells. In addition,
transplanted  stem  cells, differentiating  to
cardiomyocytes, become indistinguishable over time
from the surroundin cardiomyocytes, and they begin
to express the contractile proteins specific for striated
heart muscle, including desmin, a-myosin, heavy
chain, a-actinin, and phospholamban at levels that are
the same as in the host cardiomyocytes. This
transdifferentiation process is more pronounced in
injured tissue than in healthy organs and may be
intensified when the heart as the recipient organ
contributes to its enhanced environment by high
chronotropic and inotropic activity.

Thus, regionally large concentrations of stem
cells and increased mechanical activity of the recipient
heart muscle may provide a favorable environment for
successful engraftment of stem cells after cardiac
injury.

5.4. The targeted and regional administration and
stem cells transplantation should be preferred that
are the first of success

In regional heart muscle disease, as in
myocardial infarction, selective cell delivery by
intracoronary catheterization techniques leads to an
effective accumulation and concentration of cells
within the infarcted zone. This can be realized in
humans with bone marrow-derived cells.With
intracoronary administration, all cells must pass the
infarct and peri-infarct tissue during the immediate
first passage. Accordingly, with the intracoronary
procedure, the infarct tissue can be enriched with the
maximum available number of cells at all times.
Further developments of catheterization systems for
various clinical studies are needed.

5.5. Stem Cells transplantation for heart disease
therapy: A Joint Clinical and Experimental
Approach

The Cardiac lesions may be multifactorial and
include myocardial infarction, myocarditis,
cardiomyopathy or cardiac remodeling due to severe
pressure, and volume overload. It is uncertain whether
the same therapeutic approach and the same type of
cells will be suitable for all of these different diseases.
However, organ repair by stem cells represents a
general biological mechanism. Thus, it will be one of
the future tasks to find the most practical and specific
way of evolving and targeting the healing potency of
stem cells for selected cardiovascular diseases.

5.6. Detection of Transplanted Stem Cell

The transplanted cell or cell population is a
single unit in a complex biological network of other
cells. An important clinical problem will be the
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identification and localization of transplanted
autologous stem cells within the injured area of the
heart. Therefore, for both localization and fate
mapping of stem cells within the target organ, specific
cell markers are desirable.

How to detect the if the stem cell success or not?
It will be lot work to be doing in the future.

6. The source of the Stem Cells is the critical in
Regenerative Cardiovascular Medicine

6.1. Embryonic stem cells

The number of stem cells present in an adult is
far fewer than the number seen in early development
because most of the stem cells have differentiated and
multiplied. This makes it extremely difficult to isolate
stem cells from an adult organism, which is why
scientists hope to use embryonic stem cells for therapy
because embryonic stem cells are much easier to
obtain. But the ethical problems have been hard point
for a long time

6.2. Adult Stem Cells

Ethical problems for adult autologous stem cells
do not exist, and although much experimental work
remains to be done, their clinical relevance and
therapeutic benefit in heart disease have recently been
seen well.

6.3. Cord blood stem cells

Cord blood, from the umbilical cord, was
believed to be an alternate source of hematopoietic
stem cells; however, it is impossible to obtain
sufficient numbers of stem cells from most cord blood
collections to engraft an adult of average weight.
Development continues on techniques to increase the
number of these cells ex vivo. Cord blood contains
both hematopoietic and non-hematopoietic stem cells.

7. Conclusion

Cardiovascular disease is a leading cause of
death worldwide killing 17 million people each year,
especially due to heart attack and stroke. In the United
States, heart disease is the number one cause of death.
The high rate of mortality associated with heart
diseases is the inability to repair damaged tissue due
to the full differentiation of heart tissue. Interruption
of blood supply to the tissue causes infarction of the
myocardium and death of myocardiocytes.

Recent clinical results have shown the feasibility
of adult autologous cell therapy in acute myocardial
infarction in humans. Stem cell therapy represents a
fascinating new approach for the management of heart
diseases. However, many unresolved questions about
experimental and clinical cardiology are still open for
future research, especially many basic problems
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concerning, among others. With regard to the clinical
practicability, ethical problems, and hazards of
immunogenity, actual and future research will focus
preferably on adult stem cells, whereas research on
embryonic stem cells may emerge presumably into
comparable clinical relevance in several years.

The conclusion of the research and clinical trial
on the stem cell transplantation in different heart
disease have been obtained exciting results of
treatment, the results bode well for the myocardial
regeneration by using human stem cells in the future.
The cardiovascular disease might be cured by Stem
Cell transplantation for a not long time.
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