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ABSTRACT

Since the term stem cell was coined for medical use in 1908 by Marksimov W research into the subject has grown

extensively. Stem cells hold huge potential in treating disability and a wide range of degenerative diseases. This paper
discusses its future medical applications, particularly in the treatment of cardiovascular diseases (CVDs). The pivotal
point of the discussion is on treatments using stem cells other than those derived from a human embryo, as it has
greater potential in the future. This also avoids the controversy surrounding human embryonic stem (hES) cells.

INTRODUCTION

How can stem cells be used in medicine?

The definition of a stem cell in the Oxford medical dictionary ¥, describes it as being an

undifferentiated cell with the ability of renewing itself and producing all the specialised cells within
the body. These two characteristics: self-renewal through mitotic cell division, and potency to
differentiate, give rise to a plethora of potential medical uses. The main categories of mammalian
stem cells are: Embryonic stem (ES) and Adult stem (AS).

ES cells are derived from the inner cell mass of a blastocyst known as an embryoblast; they are
pluripotent and have the ability to differentiate into the three main germ layers. It is hoped that after
being cultivated in a line, specialised cells can be generated, and applied in cell based therapies to
repair their damaged or destroyed counterparts. At present, donated organs and tissues are used to
replace damaged tissue; however, the demand for donated organs far outweighs the scarce supply
leading to a lengthy transplant waiting list. ES cells signalled to differentiate, offer the possibility of a
renewable source of cells and tissue that can be used to treat many degenerative diseases including
Parkinson’s and Alzheimer’s. In the case of CVD, stem cells could be differentiated into
cardiomyocytes, in vitro, and then transplanted to the patient. Studies of ES cells may further
highlight the causes of its differentiation. With this knowledge, new therapies could be developed to
fight diseases that are caused because of uncontrolled cell division and differentiation, such as cancer
and birth defects.

AS cells, also known as somatic stem cells are undifferentiated cells found amongst differentiated
cells in a tissue or organ. They are not, however, as potent as ES cells and are used to maintain the
tissue in which they originate. Scientists have found AS cells in many more tissues than once thought
possible. It is now being questioned whether these can be used for transplants, especially with the
discovery of bone marrow stromal cells in the 1960’s @, which have a greater plasticity. Figure 1
shows the plasticity of AS cells in bone marrow
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The Development of Stem Cell Research

Since the first successful human bone marrow transplant in 1956 ﬂl, stem cells have been used to
treat sickle cell anaemia and leukaemia. In these processes, stem cells are taken from a donor or bone
marrow from another part of the patient’s body, and given through a drip after a conditioning
regimen, along with growth factors to promote the generation of blood cells B Finding a donor can
be difficult, however if successful, immunosuppressant drugs would need to be taken to reduce the
risk of rejection by the patient’s immune system. To overcome these problems, cord blood banks
have been created, where a baby’s umbilical cord blood is stored in liquid nitrogen. This allows the
stem cells present to be preserved for later life, if the need to fight a disease arises. One example of a
company running stem cell storage is Cells4Life. Currently, storage is costly and the chance of the
child needing the cells is less than 0.037% 8l As advances in stem cell applications continue, the
demand for storage may become more prevalent.

The first stem cell line was derived by Thomson et al in 1998 (1)' there are now many more available.
Using these lines, scientists have been trying to control the differentiation process to synthesise
particular cells. Current research is trying to determine the mechanisms that lead to stem cells
differentiating into any one of the 210 types of different cells in the human body. At present,
scientists know certain ways of creating a few of these cells. One such example is the differentiation
of stem cells into liver cells by McGuckin et al at the University of Newcastle upon Tyne 2 stem cells
were gathered from umbilical cord blood and treated with nutrients and growth factors; they were
then programmed to become liver cells through ‘switching’ certain gene signals ‘on or off’. It is hoped
that tissues can be grown and transplanted into a patient once stem cells have been programmed to
differentiate. However, more research is needed to investigate which signals cause them to follow
certain pathways.
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Figure 2

Techniques in bioengineering have
resolved the problem of
differentiated stem cells growing in
the right shape and direction, by
using plastic material as a scaffold.
Through scaffolding, bridges of
differentiated stem cells could be
made. This would help to connect
neurons and help diseases such as
Parkinson’s and Alzheimer’s by o
avoiding damaged areas of nerve.

Figure 2 shows a fluorescent,
microscopic picture of the Olympic rings made from neurons at the University of Utah and their
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In October 2008, a formula pioneered by Yamanaka, allowed researchers to reprogram keratinocytes
into an embryo-like stem cell 8 Keratinocytes are found in the upper layer of the skin and produce
the protein that makes hair and fingernails. This shows that it is possible to turn adult cells back into a
stem cell with greater potency. These induced pluripotent stem (iPS) cells would allow an easier way
of obtaining stem cells for transplantation rather than harvesting them from bone marrow or a non-
existent donor, and may be utilised in the future to treat blood disorders.

Future Medical Applications of Stem Cells

The future of stem cell research is heading towards utilising AS cells in the field of regenerative
medicine. Regenerative medicine is a type of tissue engineering which focuses on the use of stem
cells to produce new tissue rather than improving the condition of damaged, existing tissue. The
advantage of stem cells is that there are molecules already present in our bodies and thereby, do not
require years of trials. Pioneering research may lead to applications to treat brain damage, spinal cord
injuries and cancer, to name a few diseases. | will now discuss the applications of stem cells in treating
CVDs using the concepts mentioned above.

DISCUSSION

Cardiovascular Disease

Cardiovascular disease refers to the range of diseases that involve the heart or associated blood
vessels, which include aneurysms, coronary artery disease and atherosclerosis.

Aneurysms occur when blood travels through a weakened artery at high pressure, causing the inner
layers of the artery to be pushed through the outer elastic layer. An aneurysm may burst causing a
haemorrhage, which can lead to deprivation of blood supply to the myocardium. Coronary artery
disease occurs from the accumulation of atheroma plaques within the walls of the coronary arteries
and leads to ruptures and the formation of a thrombus. This can also block the supply of oxygen and
nutrients to the myocardium. Atherosclerosis is the chronic inflammation of arterial blood vessels
caused by the accumulation of macrophages and promoted by the presence of low density
lipoproteins. This leads to stenosis of the arteries and can lead to the complete closure of an artery
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starving the recipient muscles. Figure 3 shows the three types of CVDs mentioned above: aneurysms,
(10/11/12),

coronary artery disease and atherosclerosis, respectively
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All of the CVDs mentioned above can lead to myocardial infarction, which is the damage of
myocardium due to lack of oxygen and nutrients. If myocardium dies, the body forms scar tissue in
response, which is fibrous and harder than healthy muscle. If large parts of myocardium are affected
it can lead to heart failure, where the heart is unable to supply sufficient blood flow to meet the
body’s needs. Heart failure can lead to disability and even death. It is associated with deterioration in
mental and physical health with an overall decreased quality of life.

Statistics

Each year, deaths from CVD kill
more Americans than cancer 2,
CVD is the main cause of death
in the UK and accounts for
almost 198,000 deaths each
year.

One in five men and one in
seven women die from coronary
heart disease in the UK.

In 2006, CVD cost the UK
healthcare system £14.4bn and
heart failure cost the UK £625
million 22,

In the UK, half of those who
have heart attacks die within 28
days.
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From figure 4, we can see that coronary heart disease is the leading cause of death worldwide 1s)
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Current Treatment for Cardiovascular Disease

On the occurrence of myocardial infarction, the main goal of a medical team is to save as much
myocardium as possible to prevent heart failure occurring. As time passes without treatment, the
infarction of myocardium increases and so time is precious. Most treatments involve restoring the
blood flow to the starved muscle to reduce the amount that is lost. One such method is bypass
surgery, whereby a blood vessel is implanted in the patient to bypass the affected area of artery 116)
However, these treatments are ineffective on the infarct left from the disturbance in blood flow. The
main preventative advice given to patients involves lifestyle changes, involving improvements in diet,
regular exercise and reduction in stress levels

If heart failure does occur, the treatments available are less extensive and the patient may need a
heart transplant to survive. The risk of heart failure can be reduced through changes in diet and
lifestyle measures, just as those with myocardial infarction. Various drugs may also be taken, such as
Beta Blockers, which slows heart rate and reduces blood pressure, or ACE Inhibitors, which dilates
blood vessels to improve blood flow and reduce the workload of the heart X2, Another option is to fit
a device to help with the pumping of the heart. One such example is a biventricular pacemaker, which
sends impulses to make the ventricles pump in synchrony for a more efficient mechanism. The last
option for patients is a heart transplant, which would be carried out in cases where medicinal drugs
and lifestyle changes were not improving the quality of life of the patient.

However, there are still problems that arise from the current treatments available. Current
treatments only look at regaining the flow of blood to myocardium; they cannot yet regenerate the
myocardium that has been starved. There is also no way of completely eliminating the risk of another
heart failure due to CVD. The build up of plaque and formation of aneurysms could be a recurring
problem. The lifestyle changes that have to be made after heart failure can be very drastic. Some
patients may not be able, or are not willing to, change their lifestyle in such a way as to reduce the
risk of further problems. They are therefore putting themselves at a greater, unnecessary risk. The
number of drugs that may have to be taken can also lead to adverse effects, including nausea and
hallucinations. This can lead to a decrease in the quality of life of a patient rather than increasing it.
Artificial pacemakers also propose problems as they may be hindered by electrical devices, and can
sometimes be uncomfortable to the patient. Regular checkups also have to be carried out to assure
the pacemaker is performing appropriately. If a heart transplant is needed, there is the problem of
finding an available donor. There is still the risk of the donated heart being rejected and complications
can occur during surgery.

I will now look at how stem cells can play a part in treating CVD through the regeneration of
myocardium and vessels to prevent heart failure.
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In Vitro Generation of Cardiovascular Tissue

As mentioned in the introduction, scientists are trying to understand what mechanism makes stem
cells differentiate into the variety of cells in our body. They already have an idea that it may be
something do with biochemical signalling, involving ‘switching signals’ in genes. However, recent
research has shown that altering the stiffness of the material stem cells differentiate on may have an
effect on which pathway they follow. This research has shown that if the medium used mimics a
certain type of tissue, the stem cell is likely to turn into the tissue emulated by the medium. It is now
thought that the differentiation of stem cells may be dependent on both chemical signalling and the
surrounding material 8)

Using this information, scientists may soon be able to produce the cells that are present in blood
vessels supplying the heart, such as endothelial cells, smooth muscle cells and fibroblasts through
signalling and manipulation of the medium. Using these cells, they could construct a bioengineered
replacement artery, such as the replacement trachea for Claudia Castillo made in 2008. This was done
using a donated trachea that was washed in an enzymatic detergent to destroy living cells. A
mechanical framework of collagen was left, upon which, correctly differentiated stem cells were
‘seeded’ using a ‘bioreactor’ developed in Italy 19 The same technique could be applied to engineer
an artery, in vitro. This could be transplanted to a patient, with an already damaged artery, due to
CVD. By carrying out such a procedure would help to reduce the risk of myocardial infarction due to
recurring, further accumulation of atheromas. It would also mean that the replacement was not
rejected by the immune system, as the patient’s own stem cells would be used. However, a
mechanical framework would be needed for the artery also, which would require a donation. A
problem such as this may be overcome in the future, through further development of bioengineered
scaffolding (mentioned earlier), which would reduce the need for donated frameworks. A similar
method may also be applied to the regeneration of myocardium by producing cardiomyocytes, which
can be implanted to replace scar tissue of the heart through surgery.

An advantage of such a method is that it does not involve donated adult or ES cells. It simply relies on
harvesting the patient’s own stem cells for use back into their own body. This eliminates the risk of
rejection and also evades the controversy surrounding the use of using ES cells for cloning (discussed
later). There is also the problem of obtaining enough stem cells for use in creating the replacement
parts. Nevertheless, further research would need to be done on how to integrate the engineered
replacement into the body and also how to keep the replacement viable.

Stem Cell Therapy

As of today, it is known that stem cells are released by bone marrow after an injury. These Endothelial
Progenitor Cells (EPCs) home in on the damaged area and grow into new, healthy tissue, as a way of
reparation. Scientists already know how to make bone marrow release a certain type of stem cell, as
this is harvested through a bone marrow transplant and used to treat leukaemia. However,
researchers have recently found that kinins, which are inflammatory substances, encourage the
migration of EPCs to the area of damage 29 1t was shown that in heart attack patients, the EPCs were
able to sense the kinkin signal and respond to it. The current belief is that these EPCs sensitive to the
inflammatory substance could be extracted and supplemented; they could then be injected back into
the patient who suffered a myocardial infarction as a way of increasing the potential for regeneration
of myocardium.
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Another promising development is the
practice, in which allogenic
Mesenchymal stem cells (MSCs), are
injected into the area of damage after
myocardial infarction. In a recent study,
an area of damaged tissue was
monitored at the time of the stem cell
injection and two weeks after. Figure 5,
shows this 3D mapping 21 The maps
on the left show the left ventricle at the
time of the procedure and the right
shows mapping two weeks later. The
green areas in the two top images
show the infarcted myocardium with
decreased electrical activity. The red
areas in the bottom two images show
infarcted myocardium with a reduction
in mechanical function. In both cases
we can see that the there is an
improvement in the electrical and mechanical function of the heart after the stem cell injection. From
this we can see that the stem cells have helped in the regeneration of healthy myocardium and so
propose a possible future application in treating CVD. It would also mean less invasive surgery, as no
transplants would be needed with this method. Further research would need to be carried out to see
if it has the same effect on humans and it also needs to be taken into account that allogenic stem cells
were used, which may lead to immune rejection in some cases. There may also be risks present of the
formation of a teratoma, due to the uncontrolled division and differentiation of stem cells into the
three germ layers.
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A more recent investigation has found a way to stimulate the bone marrow to produce a stem cell
that is able to repair damage to blood vessels. In the investigation, a drug called Mozobil was given to
mice along with a natural growth factor and it was found that the number of stem cells present in
their blood increased dramatically (22) Using this knowledge, it may be possible in the future to give
patients, who have suffered myocardial infarction, a drug which increases the number of stem cells in
the blood. These stem cells would be able to help in the reparation of damage to the heart and its
associated vessels.

All of these therapeutic applications draw on the fact that stem cells are self-renewable and have the
potency to become a number of different cells. The advantage of such a method is that it is in vivo,
and does not require any bioengineering in vitro such as the previous application. It may also be
possible to mass produce drugs, such as Mozobil, to help patients with heart disease, once the drugs
have been trialled and shown to be beneficial. An advantage this treatment has over current methods
is that it looks to help in the repairing of damaged tissue, rather than preventing the risk of heart
failure in the future through salvaging as much myocardium as possible. It also avoids the
controversial subject of embryonic stem cells, as EPCs are obtained from bone marrow and the
potential drugs do not involve the removal of stem cells. The drawbacks to the application of stem cell
therapy lie in the fact that a drug may be the solution to help patients. Any drug would need to go
through vigorous trialling and may also have to be tested on animals, which some people disagree
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with. There is also uncertainty on how the EPCs would be identified and harvested from the mass of
different types produced by bone marrow. Further research would need to be carried out on both of
these therapies, to find out if they are truly practical for treating patients in critical conditions.

Controversy Surrounding the Use of Embryonic Stem Cells

This debate is centred on the fact that human embryos are being created, used and destroyed for
cloning purposes and extracting stem cells. This occurs as ES cells are the most potent out of those
naturally found. This potency gives them the ability to differentiate into many specialised cells that AS
cells can not.

The arguments of the objectors state that an embryo is still a human life; destroying embryos may be
compared to murder by some people, including followers of certain religions. However, it is still
unclear at what point an embryo becomes a human life, which gives rise to a consequent argument
with some people believing the life of Homo sapiens begin when a heartbeat develops, five weeks
into pregnancy. Another argument states that there are better alternatives than ES cells available
today, including AS cells which may hold more promise than ES cells. Treatments using AS cells have
already been developed, such as those for leukaemia, but therapies using ES cells have not yet proved
to be practical. The use of autologous stem cells for therapeutic cloning may still lead to immune
rejection, which leads to the fact that using ES cells for this range of treatments may be flawed 123

The arguments supporting the use of ES cells state that the benefits research will bring from them
outweigh the cost in terms of embryonic life. In IVF clinics, unused embryos are destroyed anyway.
Some scientists believe that it is better to utilise these embryos through consent rather than let their
research potential be wasted. It is also believed that if abortions are legal in many countries why the
use of embryos for research is not.

This controversy has led to many countries not allowing ES cell lines to be generated, including France
and Germany. However, this has led to pioneering methods being developed, whereby the desirable
features of an ES cell can be induced on AS cells. An example of this has already been mentioned, in
which keratinocytes were reprogrammed into an embryo-like stem cell with greater potency by
Yamanaka at Kyoto University 8 n January 2008, Lanza et al were able to create the first ES cell line
without destruction of the embryo 28 These two, recent advances show that the controversy
surrounding the use of hES cells may soon be a thing of the past. In the future more investment is
looking to excel research in other areas rather than concentrating on the destruction of an embryo for
the use of its stem cells.

CONCLUSION

The rapidly developing research surrounding the use of stem cells has led to it being at the forefront
of scientific technology. However, it has also been surrounded in controversy due to the use of hES
cells. This paper discussed the current research surrounding stem cells, and the potential impact to
medicine. The current methods for treating CVD were discussed and future applications, using stem
cells, were also pointed out. The immediate benefits being less reliance on donors, reduced cases of
immune rejection and invasive surgery. However, the challenge still remains of stimulating the body’s
natural environment in vitro, to control differentiation pathways. Future applications also rely on
advances in bioengineered scaffolding and harnessing the potential of the bodies own stem cells for
use in therapy.
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