[image: image1.jpg]The complex, highly specialised cells that make up
many of our adult tissues have lost the ability to
divide. This means that if they are damaged they are
replaced by non-functional scar tissue. As a result of
accident or disease, there can be severe loss of function
— think of the brain damage that can follow a stroke,
or the poorly functioning cardiac muscle after a heart
attack. Stem cells, however, are different!

Stem cells are found in the embryo, fetus and adult.
They differ from other types of cell in that they are able
to divide repeatedly throughout life. They are also
unspecialised, that is, they cannot perform functions
that characterise mature cells. However, given appro-
priate signals, stem cells can be induced to-develop
into many specialised cell types, a process known as
differentiation. Stem cells can be isolated in the labo-
ratory, cultured and made to differentiate into various
types of specialised cells. This is the basis for the exciting
prospect of using stem cells to replace injured cells in
tissues, known as cell replacement therapy.

Embryonic stem cells

After fertilisation of an ovum by a sperm, the one-celled
embryo divides repeatedly to form a hollow ball of cells
called a blastocyst. Human embryonic stem cells can be
obtained from the inner cell mass of a 5-day-old embryo
(see Figure 1). The embryos used are created by in-vitro
fertilisation (IVF) to treat infertility (see BIOLOGICAL
SciENCES REVIEW Vol. 16, No. 1, pp. 2-5). To increase the
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Figure 1 Embryonic stem cells. Following in-vitro fertilisa-
tion, the 5-day-old blastocyst is isolated and the inner cell
mass, containing approximately 30 cells, is removed. When
cultured, the cells form embryonic stem cells. Using defined
culture conditions, these can differentiate into specialised
cells, originating from the three embryonic germ layers.
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chances of success for infertile couples undergoing treat-
ment, several eggs (up to 10) are fertilised. Thus, IVF
routinely creates excess embryos (see BIOLOGICAL
SciENces ReviEw Vol. 16, No. 1, pp. 40—41). Normally
these embryos would be discarded, but now they can be
donated for research. When embryonic stem cells are
grown in the laboratory, they are pluripotent. This
means that, by using appropriate conditions, a single
embryonic stem cell can, theoretically, develop into
many different cell types — although in practice this is
much more difficult.
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Figure 2 Cell replacement therapy. In this example, stem
cells isolated from the inner cell mass of a blastocyst or from
the patient’s bone marrow are cultured and differentiated

in the laboratory to heart muscle cells. These are then
implanted into the patient’s heart (no heart muscle stem
cells are known to exist), to replace damaged muscle cells.

z
=
]
3
ES
=
-3
5
&]
=
2]
@
=
=]
2

Embryonic germ cells

A 5-10-week-old fetus, obtained from a terminated
pregnancy, is another source of pluripotent stem cells.
These are embryonic germ cells and they are obtained
from the tissues that would later develop into ovaries or
testes. The embryonic germ cells, in later life, would
produce the male and female gametes. However,
whereas embryonic stem cells can multiply without
differentiating for many years in cell culture, embry-
onic germ cell multiplication is restricted. Using embry-
onic germs cells also presents greater ethical problems
than using embryonic stem cells, and if long-term cell
lines could be grown in culture it would reduce the
need for both embryonic stem and germ cells.

Although embryonic stem cells might seem ideal for
use in cell replacement therapies (see Figure 2), there
are currently several limitations. Undifferentiated
embryonic stem cells cannot be transplanted directly
into a tissue, since they commonly form benign (non-
malignant) tumours composed of different types of
specialised cells. At the moment it is not possible to
make them form only a single type of specialised cell.
Also, even if specialised cells derived from embryonic
stem cells were used to treat a patient, there would still
be the same sort of problems as those found with any
transplant. The stem cell surface antigens would have to
match those found on the patient’s cells, so that they are
not recognised as foreign and therefore rejected by the
host’s immune system. In the future it may be possible
to modify embryonic stem cells so that they are genet-
ically identical to the recipient cells, or even to create a
bank of embryonic stem cells with known tissue-type
compatibility.

There are considerable ethical issues associated with
embryonic stem cells. Many people believe it is morally
wrong to destroy embryos, even if this benefits
humanity. Others argue that since excess IVF embryos
are discarded anyway, it would be improper not to use
these for research to treat human diseases and disorders. "
Many of the problems associated with embryonic stem
cells can be overcome by using human adult stem cells.

Adult stem cells

The principal function of adult stem cells is to renew
cells within a tissue, throughout the organism’s lifetime.
Under normal circumstances, adult stem cells can only
differentiate into the cell types that form the tissue
where they are found. Adult stem cells have been iden-
tified in many ditferent tissues, such as bone marrow,
peripheral blood, skeletal muscle, skin, brain and liver,
but they are present in very small numbers. Bone
marrow is the most abundant source of adult stem cells.
It contains at least two distinct types (A and B — see
Figure 3). The first type can generate a number of
different cells, including bone, cartilage and fat, while
the second continually replaces at least 10 different types
of blood cells.

Recently adult stem cells have attracted a lot of
attention. It has been found that, in the laboratory, they
can differentiate into cell types of a different tissue. For
example, the blood-forming stem cells may differen-
tiate to brain or skeletal muscle cells, while stem cells
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found in the brain or skeletal muscle may give rise to
blood cells. The latest research suggests that there is a
rare population of pluripotent bone marrow stem cells,
which may be the adult equivalent of embryonic stem
cells. Biologists are beginning to think that certain adult
stem cells may function not only where they are found
but, given the appropriate stimulus, may migrate to
other, distant tissues in need of repair, where they can
differentiate to the cell type of their new environment.

The main advantage of using adult stem cells in
future cell replacement therapies is that the patient’s
own stem cells could be isolated, differentiated in the
laboratory to the required cell type, then transplanted
back into the patient without being rejected by the
immune system (see Figure 3). However, in contrast to
embryonic stem cells, only a few tissue-specific adult
stem cells can be reliably differentiated in the laboratory
to produce a limited range of cell types. Also, the cells
are difficult to isolate, do not grow well in the laboratory
and there is a risk of introducing DNA abnormalities
which have developed during the lifetime of the stem
cell.

Stem cell applications

Routine cell replacement therapy is currently limited to
the transplantation of blood-producing stem cells from
a donor to the bone marrow of a matched recipient, to
restore red and white blood cell components. However,
stem cells may one day revolutionise modern medicine
by providing the means to,regenerate injured or
diseased tissues and organs. It is hoped that by
improving the techniques that control differentiation of
stem cells in the laboratory, a new, healthy population
of specialised cells could be transplanted into a tissue to
replace those cells that are lost or malfunctioning in a
wide range of devastating disorders. People who suffer
from diseases of the brain, such as Parkinson’s and

Blood stem cell donation. The bone marrow of the donor
has been stimulated to produce stem cells by an injection of
natural growth factors.
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Figure 3 Human adult bone marrow stem cells. Under normal circumstances,

Type A stem cells generate at least 10 different blood cell types, while Type B stem
cells give rise to bone, cartilage and fat cells. However, in the laboratory, liver, brain

and skeletal muscle cells can also be produced.

Alzheimer’s, heart disease, spinal cord injuries and
muscle wasting diseases, and stroke and burns victims
could all benefit from stem cell treatments. A more
novel approach would be to devise methods to stimulate
adult stem cells within the body to replace specific areas
of injured cells, without laboratory manipulation.

Stem cells may be an abundant source of many
different human cell types that could be used in the
testing of new drugs, thus reducing the number of
animal studies. Understanding the controlled differenti-
ation of stem cells may also provide insights into normal
human development or abnormal cellular differentia-
tion, which can lead to birth defects and cancer.

Things to do

P Consider the points in favour of using fetal or embry-
onic stem cells to treat conditions such as Parkinson’s
or Alzheimer’s disease. Then consider points against.

P Try to find out what happened when patients with
Parkinson’s disease volunteered to take part in a trial
where stem cells were implanted into their brains.
Does this change your answers to the considerations
above?

P Stem cells have been implicated in regenerating
damaged body fragments of earthworms. Can you
think of other organisms in which stem cells may be
involved in regenerating body parts?

Dr Stephen Ball is a Research Fellow in the School of
Biological Sciences, University of Manchester. He works
in the UK Centre for Tissue Engineering on the isolation of
adult stem cells from peripheral blood and bone marrow
to use as a source of vascular cells for transplantable,
tissue-engineered blood vessels.
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