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Thank you very much for inviting me. I would like to give my medical perspective on stem
cells. It is clearly a very topical issue. I will give a broad overview and try to explain the
implications, as far as I can see them, in terms of medical practice.
What are stem cells?
These are important cells, but very hard to identify. Because, taking bone marrow cells as an
example, we can regenerate tissues over and over again, we call them ‘stem’ cells.
A few definitions need to be understood in order to work your way through the stem cell story.
These are primitive, undeveloped cells, found in all multi-cellular organisms. They have two
key properties: they divide to self-renew and they differentiate into other cells. All our tissues
are constantly regenerating, with the regenerated tissues coming from our stem cells. The first
figure briefly describes the process, using blood cells as an example. Essentially, one cell can
divide into all the other cells. The variety of cells making up your blood all come from a single
progenitor stem cell.

So you can see the value of first identifying and then isolating these stem cells. In theory, if any
of these cells types are abnormal, you just need to go back to the underlying stem cell and you
can produce any cells you want. But they are very hard to identify in humans. There are some
markers we use to try to isolate them, but these are not perfect. They are much easier to identify
in animals like the mouse. From the way bone marrow transplants work, we know that they are
there. The big challenge is to get a ‘bottle of stem cells’ and then to use it for medical purposes.
Cloning
The second definition I want to spend time on is ‘cloning’. This is incredibly complicated and
confusing. It is an awful word because it means different things to many people.
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To start off with, we hear a lot about ‘cloning DNA’ — a fairly straightforward procedure. You
can do it in the laboratory. In the 1970s, it was thought that this would alter the human race and
cause lots of problems. To this day, there are very strict guidelines about cloning DNA, but in
fact nothing nasty has happened. It is fairly safe and is easy to do. It has nothing to do with our
discussion today.
Another use of ‘cloning’ is of the cloning of cells. This is also easily done in the laboratory, but
again has nothing to do with cloning in respect of stem cells.
Cloning stem cells
When we talk about cloning stem cells, we have to understand two poor terms – ‘reproductive
cloning’ and ‘therapeutic cloning’. They don’t really say what they are supposed to say, but we
are stuck with them.
The US has a committee which has tried to clarify the issue by giving a new name to
reproductive cloning, namely ‘live birth cloning’; and by re-naming therapeutic cloning as
‘experimental cloning’. But these terms are not generally used, so we continue to use
‘reproductive’ and ‘therapeutic’ cloning, despite the fact they are neither informative nor
descriptive terms.
The intent of reproductive cloning is to produce an animal. That is what cloning is about in
terms of reproduction — live birth cloning — producing an animal. Therapeutic cloning, about
which we will hear a lot today, including the legal discussion to follow mine, is very much
experimental and occurs in the laboratory. Here the intent is not to produce an animal or a
human, but to produce embryonic stem cells. So therapeutic cloning results in stem cells.

Reproductive cloning
( live birth cloning )

Therapeutic cloning
( experimental cloning )

Intent is t o produce an
animal

Intent is t o produce ESCs
(embryonic st em c ells)

Somatic cell nuclear transfer
The last confusing terminology is SCNT, somatic cell nuclear transfer. This is again key to the
legislation. It is a technology used in both reproductive and therapeutic cloning.
As the law has banned reproductive cloning, I won't talk much more about it. The new Act is
all about therapeutic cloning and its implications for medical health and research.
Let's just spend some time on SCNT because it is complicated. Essentially, we take an
unfertilized egg, remove the DNA — the nucleus — from that egg, leaving an egg without a
nucleus. These eggs are obtained from IVF. This is what the Act is about: what sort of eggs can
be used. We now put into that human egg the DNA from the cell we are interested in. Because
the DNA contains all the genetic information, we are in essence, making an artificial egg. We
are replacing the cell’s own DNA with the DNA of a cell of interest so that we can develop
some stem cells.
So if we wish to make nerve cells, we replace the egg’s DNA with nerve-specific DNA. It is
not quite that straightforward, but that is the basis of what we are doing. Once we have this egg
with different DNA, we just need to stimulate it to start it dividing along the pathway directed
by the new DNA.
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The three steps involved in SCNT
1.
Take the nucleus out of an unfertilised egg ->
enucleated egg (e.g. excess eggs from IVF)
2.
Isolate the nucleus from the somatic cell you are
interested in e.g. nerve cell
3.
Inject the nerve cell nucleus into the enucleated
egg & stimulate this cell to start dividing
Fertilisation in nature
In nature, normal development and normal fertilisation of egg by the sperm result in a fertilised
egg. This starts dividing to form the blastocyst. That is where embryonic stem cells come from.
Eventually the blastocyst, when implanted in the uterus, grows into a normal animal or human.
SCNT fertilisation
Reproductive cloning uses SCNT to replace the egg’s nucleus with DNA from another cell. It is
then stimulated to divide and is then implanted into a uterus to grow into an animal (human or
other) with healthy nerve, muscle, blood or whatever. As far as I know, reproductive cloning is
banned everywhere.
Therapeutic cloning
The Act, however, is about therapeutic cloning. Using SCNT, we do the same thing but now
we don’t put the blastocyst back into a uterus. We allow the cell to divide in the laboratory and
then remove the embryonic stem cells. This is what is being debated. Therapeutic cloning can
be used for experimentation in medical research and perhaps, down the track, to replace or
develop new organs.

(diagrams taken from www.science.org.au/sats2005/hochedlinger.htm).
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The blastocyst can be preserved by freezing. It can be made muscle specific, brain specific or
heart specific. In theory, because stem cells can be pushed in whichever direction we like, the
blastocyst could be used to make new organs.
Types of stem cells
There are different types of stem cell. There are complex ways of classifying them. Probably
the easiest is: embryonic and non-embryonic (also called adult stem cells). The embryonic stem
cells come from the part of the embryo I have described — the inner cell mass.
Embryonic stem cells
Embryonic stem cell technology has been around for some time. The first mouse embryonic
stem cells were found in the 1960s, and isolated from animal embryos in the 1980s. The first
human embryonic stem cells were experimented on in 1998 - not very long ago. This is still
very much an experimental area of interest.
By contrast, adult human stem cells have been around for a long time. I have those words in
quotations in the next diagram because they include umbilical cord blood stem cells, which we
also hear discussed. The latter were discovered in the 1960s and put to therapeutic use in the
1970s. Bone marrow transplants have been around since the 1970s.

Embryonic s tem c ells
(ESC)
Derived f rom t he inner
cell mass of t he embryo

Non-embry onic stem
cells
‘adult stem cells’ –
includes cord blood
stem cells

Mouse ESCs = 1960s;
1981 mous e ESCs
derived from embryo

Blood and brai n adult
stem cells disc overed in
the 1960s

Human ESCs = 1998 –
still experimental

Therapeutic use st arted
in the 1970s e.g. bone
marrow transplants.
Now routine treatment.

I still remember, when I worked at the Royal Prince Alfred Hospital as a young medical
registrar, being told that St Vincent’s Hospital was doing something experimental, called bone
marrow transplants. Because they weren't going to work, we wouldn’t be starting them at RPA
— clearly a mistake. When new experimental procedures emerge, you take a guess: is it going
to work or not? Sometimes you have to wait a few years to see what happens. In fact, bone
marrow transplants have very important therapeutic uses. They are not research tools. These
adult stem cells work very well in the bone marrow and have saved many lives.
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Donald Thomas, the American who first described adult stem cells in dogs in the 1960s,
received the Nobel Prize in 1990 to acknowledge his important contribution of adult stem cells
in medical care.
Problems and controversies
What about the problems and controversies surrounding stem cells? The problem with
embryonic stem cells is that they come from a human embryo, with all the associated moral,
ethical, legal and social issues.

Embryonic St em Cells

‘Adult’ Stem Cells

Source – human embryo

Don’t grow as well

Tissue rejection (unless
prepared through SCN T)

Less plasticity i.e. ability to
divide into different cells

Tumour f ormation

Patents (more of an issue
with embryonic st em cells)

Adult stem cells (apart from blood for instance bone marrow), don't grow very well and so are
probably not as flexible as embryonic cells in terms of getting them to do what we want. Stem
cells can lead to tissue rejection if taken from another person. This is a particular problem with
embryonic stem cells unless SCNT is used. So we need to use SCNT to derive cells from the
same patient, to avoid tissue rejection. Another problem is that adult stem cells have less
‘plasticity’ — they can't divide into different sorts of tissues and stem cells as easily as
embryonic stem cells and therefore have a more restricted use.
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Some experiments suggest that embryonic stem cells sometimes lead to tumour formation. This
issue needs to be resolved.
Patents
Patents are also a problem, because, in theory, a lot of embryonic stem cells are patented. We
can't use them without a licence.
Regulation
I won't say much about regulation of embryo research because we are going to hear about that
from Dr Karpin. At the end of the day, there is the new Commonwealth (Patterson) legislation
effective from Wednesday, 12 June, and there are the NHMRC’s statements on the conduct of
human research. NHMRC guidelines are presently being developed to help understand the Act,
but you will hear about that in the next presentation.

•
•
•
•

Prohibition of Human Cloning Act 2002 & Research
Involving Human Embryos Act 2002.
From 12 June 2007 - Prohibition of Human Cloning for
Reproduction & Regulation of Human Embryo Research
Amendment Act 2006.
Amongst the various recommendations of the new Act it
will be poss ible to undertake research through SCNT.
NHMRC’s National Statement on Ethical Conduct in
Human Research & Ethical Guidelines for the use of
Assisted Reproductive Technologie s in Clinica l Practice
& Research
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Potential benefits of stem cells
What are the possible benefits of stem cells? We have certainly heard many claims, but how
much is real? What are the relative benefits? Embryonic stem cells haven’t yet been used
clinically. There is still a long way to go.
Embryonic Stem Cells

‘ Adult’’ stem cells

Not used clin ically, and this is
several decades away

Routine therapeutic use in
haematologic malignancies,
immune deficiencies

Still a lot to learn about the
biology includ ing avoiding
tumour formation

Clinica l trials underway in:
ischaemic heart disease,
neurologic diseases (spina l
cord lesions, Parkinsons, HD),
fractures etc

?? First trial for spinal cord
lesion in the next year
It was interesting that, when the discussion was working its way up to a crescendo before the
Patterson bill was finally passed, we were told that some important developments were just
around the corner. Now people can look at the issue a bit more dispassionately. There is a long
way to go before embryonic stem cells will be used routinely in the clinic.
There is still a lot to learn about the biology. As I said before, embryonic stem cells have the
potential for a lot more flexibility and more applications. The first trial of embryonic stem cell
treatment for spinal cord lesions might take place later this year.
Effectiveness of adult stem cells
What about adult stem cells? We know they work. They are lifesaving for malignancies and
immune deficiencies; there are no problems. There are some trials under way in ischaemic
heart disease, neurologic disorders, Parkinson’s, and even fractures. To try and repair fractures
faster and better, you can put in some stem cells to produce the right sort of bone tissue,
perhaps getting people out of bed and out of hospital faster and better.
Hype
The embryonic stem cell hype has been a big problem. I am sure that some of you know Dr
Bernie Tuch. He is very passionate about everything he does, but even Bernie says that it is
going to take a long time. He gives a realistic time period to translate major new developments
as several decades, and Bernie isn't normally so conservative. So we still have a way to go to
see what embryonic stem cells can really do.
Commercialisation
The original discoverers of human embryonic stem cells took out a lot of patents on them.
When recently challenged in court, the patents were lost, but the decision is being appealed.
The issue here is: can we or can't we use these stem cells? This is still unresolved. As people
develop new ones, this might not be an issue. And, of course, we have to think about
community perception. Embryonic stem cells are an emotive issue at the best of times, but if
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there is some sort of payment attached to some of these embryonic stem cells, then that really
does bring out negative perceptions.
Exploitation
There has already been exploitation by some companies in the adult stem cell area. Let me just
give you a quick example of a company called Cells4Health in Holland. This is taken from
their web site accessed today.

This company advertises through the internet, which is a big challenge in terms of DNA testing
and cellular therapy. Essentially, if you pay up front, you can go to Holland and you will be
given “stem cell therapy”. About April/May this year, the Dutch government took exception to
what they were doing and was going to close them down, but the site is still open, so
presumably that hasn't happened. I don't think what this company does is ethical or appropriate.
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Promises, promises
The company advertises that you can go there for cardiac health (e.g. myocardial infarction),
vascular health (e.g. problems with thrombosis of veins), spinal cord injuries or stroke. The
company has this ‘secret stem cell’ — adult stem cell — therapy with which it can treat you.
This is taken from their web site, the section on treating spinal cord injury with your own cells.
I think that that there are problems: media perceptions of what stem cells are going to do, and
regulating offshore companies (advertising through the internet or because people can basically
go wherever they like for treatment). The big questions are: Does it work? How do we know
that it works? There were some interesting news reports recently of people coming from
Mexico, I think, having had stem cell therapy. One lady interviewed said that the result was
very good. Perhaps she is right. But I think this is one of the dilemmas we have in the legal
profession, in the medical profession and in the community —a lot is reported, but it is not
clear what is real and what is just hype.
Cellular Therapies & the Future
Traditional drugs are now supplemented by designer drugs (based on DNA basis for disease)
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A new type of therapeutic is also coming onto the market – ‘cellular therapies’ – includes gene
therapy, stem cell therapies & perhaps xenotransplantation

There are many possibilities for the future with the above + the potential of nanotechnology.
Now we need good medical research, and money.
Cellular therapy
One of the problems with the discussion and the divisions in the community about stem cells is
that the debate has not really looked at the big picture, which is all about cellular therapy. Let
me just try to highlight this. Today, more and more, we can identify new drugs, not because we
go through the traditional method of looking for new medicinals, but because we work out the
DNA abnormality underlying the illness. Therefore let’s produce a drug that corrects that
abnormality. The best example is chronic myeloid leukaemia. When I was a registrar, median
survival was 3.5 years; today people are cured because the molecular defect has been identified
and there is a new drug which targets that specifically. This is incredible DNA technology, this
is real DNA cloning, which allows cellular therapies to become much more effective.
You can imagine, if you had effective stem cell therapies, you could next change the DNA
content of that stem cell so it could produce things you wanted it to produce depending on what
it was being used for. Once the DNA content is changed it would be called gene therapy.
Gene therapy
Don't forget gene therapy. It has been around for a while. Although it hasn't really worked,
there have been some interesting changes and interesting results. I have no doubt that gene
therapy will be a form of stem cell therapy in the future. It could be that we take a stem cell,
adult or embryonic, and put some new genes into it, because the patient is missing those genes.
We then use that as a form of cellular therapy or gene therapy, and it is possible, too, that
xenotransplantation — taking cells from animals — could be used as a form of cellular therapy.
Nanotechnology
Lastly, I think one of the exciting changes — and if I had time I would change from what I am
doing now to become a nanotechnologist — is the ability to work with small things.
Nanotechnology is very new. Tiny, tiny, tiny, little particles can now be produced and can go
anywhere. Nanotechnology could allow gene therapy to be done very effectively. There are
many changes about, so let's not just focus too much on stem cell therapy, but look at cellular
therapies in a much broader outline because I think there are lots of good potential therapeutics
around the corner.
Here are some up-to-date references. Bernie Tuch's is a nice overview of embryonic stem cells.
There is an interesting quote at the bottom of the reference list. It is from the WHO. It makes a
very good point that we have lots of exciting things happening, but that, at the end of the day
“where human life and dignity are at stake, technology cannot be left to govern ethics”. So we
can’t let the technology drive it, but we, the community, including the professionals, need to
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sort out the real issues and make sure that those drive the technology rather than vice versa.
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