[image: image1.jpg]Modern hiology sometimes raises difficult and controversial issues which
affect the lives we lead and the environment in which we live. This column
examines such ethical problems.
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esearch using embryonic stem cells has generated

debate about the ethical issues concerned. But what
are stem cells, how are they produced in the laboratory and
what is their therapeutic potential?

Human embryonic stem cells are usually obtained from
embryos surplus to requirements following in-vitro ferti-
lisation (IVF). By law such embryos have to be destroyed
after 5 years. During IVF, sperm are used to fertilise an egg
in a Petri dish. Following a series of cell divisions, a cluster
of cells known as a blastocyst develops (see Figure 1),
which is then implanted into the uterus. Cells extracted
from a blastocyst can be grown in artificial culture. One of
the defining characteristics of embryonic stem cells is that
they are able to multiply indefinitely in cultures. They can
therefore be maintained in a laboratory for many years and
are thus described as established cell lines (see Figure 2).

Stem cells are useful because of their ability to become
other cell types. Adult stem cells are difficult to culture and
have a limited capacity to become different cells. Embryonic
stem (ES) cells, however, have a much greater develop-
mental potential and can be coaxed to give rise to nearly
every cell type. Scientists quickly realised the huge poten-
tial of embryonic stem cells. They could provide replace-
ment cells to treat a wide range of disorders characterised
by either severe tissue damage or
loss of function, such as happens
in the normal process of ageing.
This idea of growing new cells
to replace cells that are failing
is known as cell replacement

Scientist examining a Petri dish used to culture human embryonic stem
cells.

therapy. People with Parkinson’s disease could poten-
tially be treated by providing new replacement brain cells
generated from ES cells. Many other people suffering from
disorders such as diabetes, muscular dystrophy and spinal
cord injury might also benefit. Geron Corporation, a biotech
company based in California, is about to start phase I trials
for this purpose (see BIOLOGICAL SCIENCES REVIEW, Vol. 21,
No. 3, pp. 26-29).

A long way to go

There is still a lot of research to be done before cell replace-
ment therapy becomes routine. One hurdle is immune
rejection. The surface proteins on cells grown from an ES
cell line not genetically identical to the recipient will be
recognised as foreign by the recipient’s immune system
and destroyed (see pp. 2-5). This rejection can be limited
by tissue matching to ensure that as many of the surface
proteins as possible are shared between donor and recip-
ient, and by giving the patient immunosuppressive drugs.
Researchers are working on other more satisfactory ways to
avoid immune rejection.

Cloning replacement tissues

If replacement cells were genetically identical to those of
the patient, immune rejection would not be an issue. But
how would it be possible to generate genetically identical
tissues? The answer, in theory, is by using the technique
known as somatic cell nuclear transfer, which was used
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Figure 1 Fluorescence microscope image of a mouse blastocyst. The
blastocyst has a thin outer layer of cells and an inner cell mass from

which ES cells are derived. A green fluorescent ES cell that has been

injected into the blastocyst is seen to have been incorporated into the
inner cell mass.

to create Dolly the sheep. This could be used to clone human
embryos by transferring the nucleus from a patient’s skin
cell to a human egg cell from which the nucleus has been
removed. However, instead of implanting a blastocyst in the
uterus, it could be used as a source of embryonic stem cells.
These genetically identical cell lines would then be used to
generate therapeutic replacement cells, which would not be
recognised as foreign. This idea is known as therapeutic
cloning.

How are clones made?

It is important that the cell cycle stage of the cell from which
the nucleus is to be extracted is synchronised with that of
the egg to which it is to be transferred. It is then possible for
factors from the cytoplasm of the egg to reprogramme the
DNA in the donor nucleus to achieve an embryonic state.
Once cells have specialised and become adult, their DNA is
organised so that only the genes necessary for their special
function are available for use. In contrast, an ES cell can
use all of the genes that provide the information for making
any cell type.

During its life, a somatic cell containing a diploid set
of chromosomes replicates its DNA and divides mitotically
to become two identical daughter cells. Mature egg cells,
however, are haploid, having been formed from a meiotic
division (see pp. 14-18). An egg cell is prepared for fertili-
sation by arresting it at a stage when the meiotic spindle is
still intact. This is an ideal time to remove its DNA so that
it is compatible with fusion of the nucleus from a somatic
cell not about to replicate its DNA. The egg cell, with the
incorporated diploid nucleus, can then be stimulated to
divide and become a blastocyst, as if it had been fertilised
by a sperm.

Although several different mammals have been cloned
successfully using somatic cell nuclear transfer, it has
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Figure 2 Phase contrast light microscope image of an embryonic stem
cell line, maintained in culture. ES cells grow as colonies of cells. The
colonies are rounded. The spindle-shaped cells surrounding the colonies
support the ES cells by secreting growth factors, which help to maintain
their pluripotency. x150

proved difficult in some species. Obtaining ES cells from
embryos cloned using nuclear transfer has only recently
been achieved in primates. A research team in Oregon has
generated ES cells genetically identical to a rhesus macaque
monkey. The ability to clone non-human primates is a
significant step towards therapeutic cloning in humans. It
provides the opportunity to test procedures on species more
closely related to humans than other mammals. It also
overcomes technical issues that had previously prevented
cloning of human embryos.

Scientists had been unable to clone non-human primates
because the fluorescent dyes and ultraviolet light needed
to view cells during cloning of other mammals resulted
in damage to the meiotic spindle of the recipient primate
egg cell. The Oregon team examined their cells with non-
damaging polarised light. Once the DNA had been removed
from the egg, an electrical pulse was used to fuse the egg
with a nucleus from a monkey skin cell. The egg was then
activated to start cell division and at the blastocyst stage ES
cells were isolated. Out of 304 primate eggs used, only two
ES cell lines could be established. Even if this low efficiency
could be improved, for application to human disease this
approach would require a huge number of human eggs and
would also be extremely labour-intensive and costly.

Converting adult cells into stem cells

Hopes of solving the problem of immune rejection using
genetically identical replacement cells without the contro-
versy surrounding therapeutic cloning were rekindled
in 2006. A research group generated cells with the same
developmental potential as ES cells by reprogramming adult
mouse cells with transcription factors. The reprogrammed
cells were termed induced pluripotent stem (iPS) cells.
In 2007 the same group was able to repeat this in adult
human cells.
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Motor neurone disease (MND) is caused by degeneration of motor
neurones. It is typically diagnosed in patients who are aged in their
fifties. MND patients usually die 3-5 years later when the disease
prevents breathing. Some cases of MND are caused by a mutation in
a protein called super oxide dismutase. It is not known how mutant
forms of this protein are responsible for MND but creating neurones
with this mutation in a laboratory would significantly enhance
scientists’ ability to find out why, and aid the design of effective
treatments.
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Professor Stephen Hawking has
suffered from motor neurone
disease for more than 40 years.
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Genes encode proteins that are the building blocks of
cells. Transcription factors bind to DNA and either switch
genes on or off. A transcription factor is a bit like a password
to open a document on a computer. Clicking on the print
icon could be likened to a transcription factor that switches
genes on. The computer now converts the document into
information that can be read by the printer (analogous to
transcription) and the document is printed out (translation)
as a hard copy (the protein).

Four transcription factors are particularly important in
dictating the specific characteristics of ES cells. We can trick
adult human facial skin cells into expressing these proteins
by using viruses to transfer genes encoding the transcription
factors into the cells” own DNA. This results in changes in
transcription that cause the cells to become stem-cell-like
iPS cells. iPS cells generated from human skin cells in this
way can differentiate into both heart cells and neurones.
However, out of 50000 facial skin cells, only 10 iPS cell
lines have been created. In practice, this doesn’t matter as

?EQ MS explained

Blastocyst A hollow ball of cells that forms at an early stage
in development (70-100 cells in humans). It has an inner
cell mass from which ES cells are derived and a thin outer
layer of cells that become the placenta.

Cell cycle The stages a eukaryotic cell goes through before
it divides.

Cell line Cells adapted to grow in a laboratory routinely
without losing their properties.

Dendritic cells Immune cells able to detect changes in their
environment that signal a potential threat to the body’s
internal environment, for example infection or injury. They
can instruct other immune cells important in defence
and maintaining immunological tolerance to harmless
substances, for example self proteins.

Pluripotency The ability to differentiate into any one of the
200 or so cell types that make up the mammalian body.
Somatic cell An adult cell with a full (diploid) complement
of chromosomes, that is, not a gamete (egg or sperm).
Somatic cell nuclear transfer The DNA from an egg is
removed, a nucleus from a somatic cell transferred into
the egg and the cell stimulated to divide. The resulting
blastocyst is genetically identical to the individual from
whom the nucleus was derived.

Therapeutic cloning When ES cells taken from a cloned
blastocyst are used to generate cells with therapeutic
potential.

skin cells are easy to obtain in large numbers, unlike human
blastocysts, and iPS cells are not embroiled in the same
ethical and political issues as human ES cells.

Advantages and disadvantages

Therapeutic cloning is only possible in countries where IVF
is available but iPS cell lines could be created from any
individual, of any nationality. As with therapeutic cloning,
there are still drawbacks to the use of iPS cells. Viruses were
used to incorporate DNA encoding the four transcription
factors into the genome of adult skin cells. The involvement
of viruses will make it difficult to obtain regulatory approval
for the use of iPS-cell-derived replacement cells in humans.
Ideally we need to find another method to transfer expres-
sion of these factors to adult human cells.

A further concern is that alterations in the expression of
at least one of the transcription factors used to generate iPS
cells has also been associated with cancer. These experi-
ments have been reproduced in the absence of this factor
but it is not known whether the other transcription factors
may also cause an increased risk of cancer.

Tissues for cell replacement therapy grown from iPS
cells or cloned ES cells genetically identical to the patient
requiring treatment cannot cure individuals suffering from
a genetic disorder. This is because the replacement cells
would carry the same genetic defects. However, creating
ES or iPS cell lines from individuals with illnesses resulting
from mutations in their genes could be useful in looking
at how those mutations cause disease. lan Wilmut, who

BIOLOGICAL SCIENCES REVIEW





[image: image4.jpg]Virus encoding
transcription

@

factors
\ Donor
oocyte

/Somahc cell

Reprogramming

Induced
pluripotency

iPS cell

\

Directed differentiation

N\

repacement\\

thera
Therapeutic L

cell type

, has been awarded a licence by the UK Human
Fem]lsallon and Embryology Authority (HFEA) to produce
cloned human embryonic stem cells from patients with
motor neurone disease to do this (see Box 1).

cloned Dolly

Tackling the immune system head-on
Another promising approach to avoiding the immunolog-
ical issues of cell replacement therapy involves the use of
dendritic cells (see BIOLOGICAL SCIENCES REVIEW, Vol. 19,
No. 4, pp. 14-17) in educating the immune system into
what to attack and what to tolerate (see pp. 2-5). The idea
is that dendritic cells generated from ES cell lines could be
injected into a patient to persuade the recipient’s immune
system to accept alternative cells generated from the same
ES cell line. Similar approaches have been used successfully
in animal models of transplantation but still need to be
improved before transfer to humans.

In the future it may even be possible to combine this
immunological approach with the use of iPS cells, avoiding
the use of embryonic stem cells or human embryos (see
Figure 3). Producing dendritic cells from either ES or iPS
cell lines will provide a large resource of human dendritic
cells. If treated, they can be used in such a way as to instruct
the immune system to accept tissues. These cells might also
be used to treat autoimmune diseases such as multiple scle-
rosis, rheumatoid arthritis and diabetes, where the immune
system starts attacking the body’s own components. The
reverse principle could be harnessed in cancer therapy —
using dendritic cells to train the immune system to elimi-
nate cancer cells. Although the future is bright, much more
work needs to be done before these treatments become a
reality.

The reality

Science pushes the boundaries of our knowledge and forces
us into uncharted territory. Governments now have regu-
latory bodies in place to monitor controversial research.
Scientists only receive permission to carry out projects using
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Coloured:scanning electron micrograph of a dendritic cell. x3000
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cells derived from human embryos or as a result of cloning
procedures. The hopes of many are resting on such research
to find cures for debilitating and fatal diseases. Today holds
the promise of reaching these previously unattainable goals,
but the ethical issues they raise will continue to be debated
for many years to come.
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Figure 3 Schematic diagram showing three different
strategies for avoiding immune rejection following cell
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