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Abstract

Over the last two decades, interest has been growing in the potential of ‘stem cells,’ to treat a whole
range of illnesses and injuries, and significant advances have been made, particually with the use of
‘embryonic stem cells’ (ESCs). This paper considers some of those advances, possible future
developments and the ethical problems relating to them.

Introduction

Stem cells are the building blocks of the body, and are the cells from which all other cells ‘stem.’
They are found in all types of tissue in the body and have the ability to self-replicate and
differentiate into the specialized cells that make up the tissues and organs of the body. Whereas
adult (somatic) stem cells (ASCs) are restricted to generating lineage specific cell types from the
tissues in which they reside, ESCs can differentiate and give rise to every somatic cell type. For that
reason, ESCs are said to be ‘pluripotent,” whilst ASCs are, at most, ‘multipotent.’

what are embryonic stem cells?
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Figure 1. A diagram to show the pluripotent nature of ESCs. (National Geographic, July 2005)




ESCs are derived from embryos produced in vitro, infertility clinics. At about 4 to 5 days, an early
stage blastocyst has the embryonic stem cells removed and these are put in cell culture and have the
potential to divide indefinitely. The blastocyst is at the stage when, in a woman, it would not yet be
imbedded in the uterus and ‘consists of approximately 150-200 cells that form a hollow sphere of
cells, the outer layer of which is called the trophectoderm.” This outer layer would normally develop
into the placenta and umbilical cord and the cells which comprise it are not pluripotent; it is the
‘inner cell mass,” consisting of about 30 to 40 cells that develops in to the foetus, and it these
pluripotent cells which have the most potential to differentiate into different cell types. Supposing
that these cells could be given the correct signals, it should be possible to harness their abilities to
differentiate and use them for tissue regeneration, or even to create natural organs for transplant.

It is precisely because of the pluripotent nature of ESCs that they have been at the heart of research
in this area of science to date, though scientists are still at a relatively early stage. Taking into
account current progress with ESC research and other related research, this paper sets to give
insights into ways in which stem cell research might develop to provide treatments for numerous
genetic, immunological and metabolic disorders, and to enable the manufacture of body parts. It is
based on the assumption that, even if there are further breakthroughs in adult and foetal stem cell
research, embryonic stem cells will still have a vital part to play in providing the cures for certain
illnesses.

However, given the widespread ethical debate about the use and development of embryonic stem
research, developments in adult and foetal stem cell research are likely to have significant
implications for ESC research. For instance, if procedures to revert adult stem cells back to an
embryonic like state prove to be viable, and possibly applicable to a greater variety of
undifferentiated stem cells than currently anticipated, then there might be less need for the use of
ESCs in medical procedures. If it is found that every type of pluripotent stem cell can be produced by
genetic reversionary techniques, then the need for using embryonic stem cells could, in theory, be
removed altogether.

Discussion

It is necessary to consider the ethical, religious and political problems relating to embryonic stem cell
research, because, whilst being unavoidable, they are hampering scientific progress quite
significantly. There are of course varying views on this matter, none of which is universally accepted.
One major case against ESC research is that it is morally unacceptable to ‘Destroy life to save life,” as
President Bush put it in 1991, and so one of the main questions that we are faced with is when life
starts, or rather when an embryo becomes human. This field of research has been described as both
‘high-tech cannibalism’ and the brilliant future of medicine and it is very hard to see any compromise
between these view points. On the one hand, Dr. John Caplan, a noted science ethicist has stated
that cloned embryos for therapeutic research are ‘not really human.’ Is an egg which is fertilized in
vitro and not implanted into a woman being deprived of life if when left on its own it does not have
the potential to become a human being anyway? If one were to argue for not destroying future life
then one would be arguing that IVF is immoral and unacceptable, for, after all, this is where the
embryos are created and if they were not used for research then they should serve no purpose at all.
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It should be made clear that the Blastocysts used by researchers would not develop into human
beings anyway and that quasi-embryos produced by somatic cell nuclear transfer have not even
used human egg cells. Some believe that the losses are more than countered by the gain, though this
utilitarian approach is countered below.

Others argue that the Blastocyst has ‘full moral standing’ and that autonomy is not required for this,
but only species membership. Also, according to this view it is our responsibility to protect the
embryos; but then should we protect the sperm and the egg and does being haploid give them lesser
rights?

There are possible ways around the ethical issues of destroying embryos to derive stem cells.
Indeed, according to recent papers it is possible to derive ESCs without breaking up embryos. The
success of Chung et al. in 2005, has given rise to the idea that cells isolated for pre-implantation
genetic diagnosis (PGD) could be a source of ESCs. A ‘single cell embryo biopsy’ showed promise
when single cells were extracted from mouse blastocyst at the 8 cell stage and were proved to
behave like ESCs in culture. Donations could lead to a ‘stem cell bank’ as various lines were
established through this technique.

Another way of overcoming the ethical problem of destroying human embryos is provided by a
possible solution to the problem of immunogenicy and the matching of organs and patients. ,
Immunogenicy may be overcome by using ‘somatic cell nuclear transfer,” (SCNT), or
immunosuppressive treatments like those already employed in transplants. Clearly, SCNT, in which
the nucleus from a somatic cell is implanted into an empty animal oocyte could be very
advantageous, with the ooctye apparently reprogramming the DNA of the implanted somatic
nucleus from the patient, and a Blastocyst being formed from which embryonic stem cells can be
derived. They would contain the patient’s genes and so would be unlikely to be rejected by the body.

A third possible way of overcoming the need to destroy embryos is the reversion of ASCs to
pluripotent state akin to ESCs. Research is still in its infancy, but it could lead ultimately to the
development of every type of stem cell line. All three ways of overcoming the ethical issues use
pluripotent stem cells, however derived.

As well as the ethical challenges presented by ESC research, there is also a huge array of scientific
obstacles. The problem of immunogenicy has already been referred to above. Further, it has been
found that human embryonic stem cells (hESCs) do not always keep their usual karyotypes.
However, it has been found that given the right environment these cells will divide successfully and
consistently with no changes occurring.

It has also been found that ESCs can form tumours upon grafting, which means they will need to be
pre-differentiated to the correct lineage for the relevant procedure. With the introduction of ‘Cell
Surface Markers’ and ‘Fluorescent Activated Cell Sorting,” it has been found to be possible to identify
those cells which are differentiated and hence suitable for transplant.

Despite the ethical and scientific challenges, there are expectations that huge advances in the
treatment of a whole range of conditions will be achieved through ESC and other closely related
research.




For example, SCNT has given rise to theories for possible cancer treatments in the future. Cancer
occurs for both genetic and epigenetic reasons and these are often in combination. It has been
found that it is possible to reverse epigenetic effects, which are caused by genes that when active
would prohibit cancer becoming ‘silent’ or inactive. The idea arose from the fact that in SCNT,
oocytes ‘reprogram’ the nuclei of somatic cells, bringing genes that had become ‘silent’ back into
action, which suggests that cancer cells could be reversed or reprogrammed so that the genes
holding cancer back could be activated. Rudolf Jaenish et al. have experimented on this theory and
found that, in mice, melanoma cells, implanted into normal mouse egg cells could give rise to
‘normal’ offspring when the cloned blastocyst was allowed to developed inside a female mouse. Yet,
although this indicates that the silenced genes underwent reversion to an active state, because a
cancer cell gave rise to ‘normal’ cells, the genetic mutations could not be changed and so the mice
developed cancer. Therefore, Jaenish believes that possible therapies and drugs will serve to slow
down cancer, but will be unable to stop it.
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Figure 2. A Diagram showing SCNT. (Stem Cell Now. Scott CT, 2006).

However, there does appear to be a scientific draw back to SCNT, with the cells producing residual
mitochondrial DNA protein products, even after the oocyte’s nucleus has been replaced with that
from the somatic cell. This means that there is still some potential for rejection and another method
for autologous transplant has been suggested. According to Piddle et al. 2005, tolerogenic immune
cells can be derived from ESC line from which the transplant stem cells will be derived, and on
introduction of these to the body a state of immune tolerance to cells derived from that line can be
induced. The HSCs, or dendritic cells would, according to Fairchild, Cartland et al. (2004) and
Fairchild, Nolan et al. (2005) ‘train’ the immune system into accepting cells from that ESC line,
meaning that when the matching differentiated cells were added, there would be no recognition
from the immune system and so there should be no rejection. Yet, inevitably there are draw backs to
this method, as the patient could not receive their transplant until immune tolerance had been
induced, and by that time it might be too late for them. Also, a reliable method for deriving dendritic
cells would be required, as would a reliable procedure for inducing and certifying immune tolerance.
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A great advantage of this procedure, though, is that any ESC line should be suitable for any patient,
so that few lines would be necessary for widespread use.

A second possible use of ESCs is in the field of nerve repair. According to the research of Professor
Hans Kierstand of the University of Irvine, who has been investigating into potential treatments for
Parkinson’s Disease, it should become possible to cure some demyelinating diseases such as multiple
sclerosis. The theory is that pure colonies of oligodendrocytes, once derived from ESC lines, could be
injected to repair people’s damaged nerves. Keirstead tested with mice and found that when he
injected after 7 days, within 2 months most of the injured mice regained the ability to walk.
However, although the myelin regeneration was successful for these mice, those that he injected 10
months after injury showed no signs of improvement, and the mice had not suffered from severed
nerves. So, it remains unclear as to how effective this therapy could be in individuals with severed
nerves or scar tissue. One theory is that by replacing the stem cells which give rise to the immune
cells which attack the myelin sheaths of neurons, the degeneration could be stopped. By combining
this with Professor Keirstead’s method, it seems very conceivable that M.S. could be cured, with
haematopoietic stem cells (HSCs) stabilizing the patient by removing the immune cells and
Keirstead’s cells repairing damaged nerves. Nash et al. 2003 found that 20 out 26 patients with M.S.
stabilized on transplantation with HSCs.

Another ailment that could conceivably be treated in the near future is Parkinson’s Disease, which
brings tremors and stiffness, and like M.S. is a degenerative condition affecting the brain. At present
it is not curable but can be best controlled using foetal tissue cells. The disease is caused by the
death of dopamine-secreting cells in the brain and sets in severely when around 80% of these have
been at least impaired. Dopamine is essential in ensuring that the body’s movements are even and
coordinated, and so, if a therapy could be devised to maintain the numbers and effectiveness of
dopaminergic neurons, then this ailment would be curable. Already, in rats, it has been found that
the effects can be relieved by the use of ESCs, as proved by Proffesor Keirstand in 2002 when they
injected these cells into 25 rats whose dopamine-producing neurons had been ruined. There were
14 successful graftings with dopamine being produced and symptoms relieved and in some cases
removed altogether. However, 11 failures was a relatively large figure and 20% of the rats developed
teratomas, as perhaps was inevitable given the highly proliferate nature of ESCs. Within a few
months of this, Jong-Hoon Kim and Roy Mckay of the National Institutes of Health (NIH), using rats of
the same condition, succeeded in implanting cells that were identical ‘anatomically, neurochemically
and physiologically’ to rat dopamine secreting cells, without tumours developing. This was achieved
by pre-differentiation of ESCs into a concentrated population of midbrain neural cells through the
use of specific growth hormones and agents for cell differentiation. When these cells were
intracerebrally infused they secreted dopamine, their axons increased in length, and they connected
synaptically with other neural cells. Promisingly, in 2005 this research has been furthered, with
scientists at the Hadassah University Medical Centre in Jerusalem succeeding in producing the
desired effects by injecting (hESCs) into rats with the equivalent of Parkinson’s disease. There was
significant achievement, with the beneficial effects of the grafts lasting for about 3 months,
dopamine being made, and no tumours arising. So, it seems very probable that in the near future
such a therapy could be used in human medicine and that this malady could be treated far more
effectively than it is now.




There is also promise for improved treatment of type 1 diabetes, an autoimmune disease which is
suffered by people whose B-cells, (their insulin producing cells in the pancreas), cease to function,
leaving them unable to make insulin and leading to dangerously high sugar levels in the blood.
Whilst the majority of patients suffer the inconvenience of repeated insulin injections and blood
testing, this can be treated by a prancreas transplant. However, there are not enough donors, and
immunosuppressant drugs must be employed to combat rejection. Another current treatment is the
injection of B-cells, but this also relies on availability and the ever present problem of rejection still
applies, with lifelong immunosuppression being required. So, if ESCs could be harnessed effectively,
it would be extremely helpful in the treatment of this disease. As shown by the work of Berna et al.
2001; Lechner and Habener 2003, and Miyamoto 2001, ESCS have greater potential than
differentiated pancreatic islet cells because many can be grown in a laboratory. Progress has been
made and ESCs have been successfully differentiated into functional cells with the ability to make
insulin. This suggests that perhaps in the near future, a reliable replacement for islet cells could be
produced in great numbers through ESCs. As yet, however, the insulin producing cells derived from
ESCs do not react appropriately to the body’s signals that say how much insulin is needed. Also, gene
therapy is being researched, which may either remove the need to use stem cells, or combine with
them to achieve effective treatment.
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Figure 3. A diagram showing possible treatment of type 1 diabetes. (Stem Cell Now. Scott CT, 2006).

One of the most exciting areas of research is the regeneration of tissue and the growing of body
parts, including the most complex organs. Clearly, in order to grow into organised structures, the
stem cells used would either need to have a supporting structure or scaffold, or require some other
guidance or signalling system. In mice, there has already been some success with a scaffold of
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biomaterial being ‘seeded’ with heart muscle cells. The regeneration process was successful when
the already regenerating cells were sewed into the mice. The cells secreted matrix forming proteins
which infiltrated the necessary area. Eventually, blood vessels, new myocardial tissue and muscle
were regenerated, and as the heart beat, it stretched and strengthened the new tissue. Clearly if this
could be achieved in humans, many illnesses could be miraculously cured.

These ‘scaffolds’ degrade slowly leaving the regenerated tissue in place and functioning. It has been
thought that this could be more easily achieved when dealing with the body’s cardiovascular system,
and perhaps this could lead to the successful treatment of aneurysms, which can be life threatening.
By tissue regeneration, patients could be cured of such ailments without the need for invasive
surgery and the artificial reinforcement of blood vessels.

In humans, a European team has managed to produce a whole bronchus, for Claudio Castillo, from
her own epithelial cells, bone marrow stem cells and the supporting structure of base donor
cartilage. Now it is planned to develop a whole larynx, a complex organ comprising muscle and
cartilage tissue. At this stage of research is likely that this will be achieved using the cartilage as a
supporting structure on which to build the complex array of muscles.

The most exciting potential breakthrough would be achieved if a means of guiding or signalling stem
cells to develop into tissues and organs could be found without the need for a supporting structure
or scaffold. The ability to create all the various complex parts of the body, including the brain, might
be achieved by manipulation of growth factors or other cytokines, or these being used in
combination with electromagnetism, at a cellular level. There is, however, a limitation which is
unlikely ever to be overcome, and this the transferral of memory from a disease or injured brain to a
new one. That facet of the human individual is never likely to be replicated.

There are other possible benefits apart from therapy to tissue that has been damaged or has
become diseased. For example, it has been found that transplanted stem cells have the ability to
cause the multiplication and functioning of host cells; to prevent host tissues from suffering further
damage; to stimulate the growth of new blood vessels (helping to restore host tissues), which it is
thought is achieved by the cells producing growth factors and other required products; and to ‘fuse
with host cells’, helping to repair damage even when they are not fully differentiated.

Conclusion

Whilst there are serious ethical issues surrounding the use of embryos in any medical applications,
ESC research has the potential to completely transform modern medicine. Not only does it open up
the possibility of cures being developed for numerous diseases and the regeneration of damaged
tissues, but it also opens up the possibility of the manufacture of all body parts. With the
development of techniques such as the extraction of ESCs without destroying the embryo and
reversion of adult stem cells to a pluripotent state, it may be possible to achieve the same end in the
future, without the destruction of human embryos.




As well as ethical problems to be overcome, there are highly complex scientific difficulties in
achieving the necessary scientific breakthroughs, in particular the breakthrough that will enable the
growth of body parts by a signalling device at a cellular level.
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