
A perspective on stem cells by a clinician
Ieuan A Hughes

Department of Paediatrics, University of Cambridge, Box 116, Level 8, Addenbrooke’s Hospital, Hills Road, Cambridge CB2 2QQ, UK

(Correspondence should be addressed to I A Hughes; Email: iah1000@cam.ac.uk)

Abstract

Stem cell terminology has entered the lexicon of medical practitioners even though the application of
harvesting stem cells to treat diseases other than haematological disorders is not yet a reality in clini-
cal practice. All branches of medicine will be affected by the new technology, more so those related
to regenerative cell-based therapy for disorders such as Parkinson’s disease, Alzheimer’s disease,
multiple sclerosis and traumatic injuries to the nervous system. Endocrinology is not a branch of
medicine that carries a burden of disease that merits priority for the early application of stem cell
therapy once the technique becomes safe and practical to do so. However, the allied disorder of
diabetes is, sine qua non, an ideal example of how stem cell therapy has the potential to cure a chronic
disabling condition. It is logical therefore to have included a number of articles on stem cells in this
special issue of this journal, publishing papers on a range of endocrine-related topics.
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Biology of stem cells

The literature is replete with volumes of original
papers and review articles on stem cells, including a
major tome on the subject (1). The terminology that
clinicians now need to learn include pluripotent
versus multipotent, dedifferentiation versus transdiffer-
entiation, plasticity and nuclear transfer, to give just a
few examples. A factor of overwhelming importance
in this field of research relates to the advantages and
disadvantages of embryonic stem cells versus adult
(somatic) stem cells (2).

It was only a couple of decades ago that embryonic
stem cells were successfully harvested from mouse
embryos, and just 6 years ago that the techniques
were successfully applied in human embryos derived
from in vitro fertilisation (IVF) programmes (3, 4).
The principles of the techniques are remarkably simple
(see Fig. 1, (5)), but this should not belie the ongoing
challenges faced by scientists in devising culture
conditions that enhance the yield of stem cells without
risking the transfer of pathogens, induction of genomic
instability and immuno-intolerance. In order to isolate
the inner cell mass, from which embryonic cells are
derived, pre-implantation embryos are cultured to the
blastocyst stage, which is about 5–7 days after fertilis-
ation. Propagation of these cells continues only on a
feeder layer of fibroblasts that are murine in origin. It
is this dependency that has led to concerns about
inter-species transfer of organisms. This obstacle
should be overcome in due course if preliminary results
using human foreskin feeder cell lines to successfully
culture embryonic stem cells are confirmed (6).
The growth rate of embryonic stem cells is relatively

slow, so recent developments in manipulating the
culture conditions to shorten the cell line doubling
times will enhance the yield for experimental studies
and, eventually, for cell-based therapy (7). There are
many facets to the science of producing human stem
cell lines which, on the one hand, can maintain their
undifferentiated state for unlimited self-renewal and,
on the other, need to be manipulated in order to direct
the cells towards a specific lineage. Readers who are
interested to know more about the emerging techniques
that are realising these aims are referred to an excellent
review by Stojkovic et al. (8).

A milestone in stem cell research was recently
achieved with the successful establishment of a
human embryonic stem cell line from blastocysts that
were derived from embryos created by somatic cell
nuclear transfer (9). This human equivalent of the
‘Dolly the sheep’ experiment is a pivotal step forward
in realising the benefits of therapeutic cloning. Now it
will be possible to produce pluripotent stem cells to
incorporate the nuclear genome of the patient and
induce these undifferentiated cells to adopt a particular
lineage for transplanting back to the patient, thus
avoiding immune rejection (10). Studies with animals
and using human tissues are already demonstrating
the success of this technique in multiple organ systems
of the body.

Clinical applications

The only potential clinical application of stem cell
therapy of direct relevance to this journal issue and
its readers, is the generation of stem cells with the
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characteristics of pancreatic beta-cells and insulin
production (11). The autoimmune destruction of
beta-cells that defines the insulin-dependence of Type
1 diabetes implies that insulin replacement in some
form is the only treatment option for the foreseeable
future. Prevention strategies are certainly possible but
do not yet appear to be making their mark in clinical
practice. Islet cell transplantation has shown impress-
ive results in highly selected patients with serious con-
trol problems and disease complications (12). A limited
supply of cells and the continuing need for immunosup-
pression highlights the potential benefits of inducing
embryonic or adult stem cells to differentiate as insulin
secreting beta-cells (13). This is where adult stem cells,
derived from the pancreas itself, would be particularly
advantageous if the resources could be successfully
manipulated for therapeutic cloning. Such islet cell
neogenesis may arise from pancreatic ductal cells, but
there may also be other sources, such as the exocrine

cells. A word of caution should be applied to defining
the characteristics of an insulin-secreting cell. Doubt
has been expressed that insulin immunoreactivity in
embryonic stem cell cultures may just be reflecting
insulin uptake from the culture medium rather than
insulin synthesis de novo (14). Nonetheless, progress is
being made by demonstrating that transplantation of
rodent embryonic stem cells, differentiated to produce
insulin, can reverse diabetes, and new human embryo-
nic cell lines are being developed that may better repli-
cate the function of the ‘natural’ beta-cell (15).

No other area of endocrine practice springs to mind
as a target for stem cell therapy. However, once the
technology is developed for safe cell-based regenerative
therapy, a number of endocrine disorders could be trea-
ted in this manner. Much of endocrine treatment is
based on hormone replacement strategies and many,
such as thyroxine treatment for hypothyroidism, are
straightforward. Perhaps glucocorticoid replacement
regimes are more complex, and would there be a
place one day for stem cell therapy to treat congenital
adrenal hyperplasia? Even the ability to derive gametes
from embryonic stem cells may not render replacement
therapy with these specialised cells off the endocrine
agenda in the future (16).

Ethics and politics

The ethical issues surrounding stem cell therapy are
complex, and two articles in this issue have covered
various aspects in considerable detail from almost a
philosophical perspective (17, 18). In simple terms, the
crux of the question appears to be whether one believes
that the zygote at fertilisation is a human-person or is
just biologically a human. There is no definitive answer
to a question which comes down to personal beliefs.
The extraction of the inner cell mass at the blastocyst
stage, and thereby separating it from the zona pellucida
(a technique referred to as ‘immunosurgery’), renders
the embryo as unviable. Some believe this is tantamount
to destruction of a human embryo, a procedure followed
constantly with ‘spare’ embryos in IVF work. A useful
analogy was proposed recently by Sandel (19), in
which the author refers to the fact that not all acorns
develop into oak trees even though every oak tree was
once an acorn. The felling of an oak tree as a result of a
storm is not the same as having lost an acorn strewn
on the lawn from animal predators.

A clear distinction is expressed by scientists and poli-
ticians alike between stem cell research for the purpose
of therapeutic cloning (and understanding the biology
of cell differentiation) and that for the purpose of repro-
ductive cloning. Legal safeguards against the latter
activity developing is now in place in many countries.
What has not been resolved in any uniform manner
is the generation of embryos in short-term culture
for the purpose of deriving stem cells for therapeutic

Figure 1 Derivation of embryonic stem cells. (Reproduced
from (5) with permission from Massachusetts Medical Society,
Copyright 2004.)
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purposes, including using the somatic cell nuclear
transfer technique. Licences are now being granted to
recognised laboratories in the UK for this purpose.
In mainland Europe, there is a ban on such work in
Norway and Germany, whereas the use of fertilised
eggs as a source of stem cells is accepted in Sweden,
The Netherlands and France (20). Nowhere are views
more polarised on the subject than in the USA, where
President Bush decreed that government funding for
stem cell research would only be permitted on cell
lines established before August 2001. The matter was
of sufficient importance as to contribute to the outcome
of the 2004 Presidential election.

To overcome this constraint on stem cell research, a
coalition of scientists and business people in California
plan to raise funds, which are independent of organis-
ations like the NIH, to enable competitive, peer-reviewed
grants to be awarded to researchers working on stem
cells (21). In parallel, industry has a major vested
interest in seeing the benefits of stem cell research,
and companies are already being formed to produce
the larger quantities of stem cells that will be needed
when clinical medicine properly enters the era of regen-
erative medicine (22). However, a word of caution
should be sounded as to whether the ‘hype’ surround-
ing stem cell technology is akin to the myth being
promulgated about the output from a medicinal ‘biotech
revolution’ not keeping pace with the amount of
research and development being invested (23).
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