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Our brains are the seat of our memories, emotions,
thought and actions. A complex, richly interconnected
and delicate organ indeed. Brain diseases are

ranked third or fourth, as a cause of death. But for paralysis,
incoordination, sensory loss, speech difficulties, insight and
memory loss, judgement lapse and cognitive impairment, and
as a cause of long term, serious disability in adult Singaporeans,
brain diseases are number one.

This essay is about a local personal journey, with crucial
collaborators, seeking stem/progenitor cells to repair a
neurodegenerative disease and to target a malignant brain
disease. The journey is not halfway and many difficulties lie
ahead for the use of cell therapies for degenerative diseases
and destroying brain tumours.

Stem Cells for Brain Diseases –
New Life & Targeted Death
By A/Prof Wong Meng Cheong

In Parkinson’s Disease, progressive degeneration of
neuronal systems, particularly dopaminergic, results in steady
decline with gait impairment, rigidity, tremor and slowed
movements. An eventual bed-bound state with pneumonia
or other complications is common.

In 1990, a Lund University, Sweden group published
how fetal dopamine neuron grafts can survive and improve
motor function in the prestigious journal Science. Our group’s
work to develop neurotransplantation for severe cases started
in 1993. By 1995, we had only accomplished meetings and
written proposals to authorities. During this time, the first two
prospective patients had died of their disease. Work began
in earnest, when neurologists Dr Erle Lim and Dr Tan Eng King,
neurosurgeon Dr Thomas John, obstetricians Dr Yeo Seow Heong
and Dr Ann Tan, and scientist Dr Li Yongbiao formed our team.
Not to “reinvent the wheel”, we sought collaboration with
world leaders in the field, our Swedish colleagues. In 1997,
at 2-month intervals, one team member after another, made
the trip to the Wallenberg Neuroscience Center in Lund,
Sweden. Our Swedish colleagues, persuaded of our seriousness,
were generous. We learnt enormously, obtained equipment,
refined techniques and successfully performed rodent
neurotransplants.

In July 1999, we performed the region’s first neuro-
transplantation, using cells grafted from multiple fetal
ventral mesencephalon for a patient with severe Parkinson’s
Disease. Six to nine months post-transplant, the patient was
significantly better, but by 24 months, initial improvement
was lost, and steady, progressive deterioration set in. MRC
Center, Hammersmith Hospital, London, performed the
Positron Emission Tomography scans, pre-transplant and 18
months post-transplant (Figure 1), revealing 57% 18F-dopa signal
improvement in the transplanted putamen (see arrows), but
relentless 15% signal decline in the non-transplanted regions.

Gliomas are the most common type of primary brain
tumours. They cause much suffering and many patients suffer
seizures, headache, paralysis, cognitive impairment and other
problems. Despite modern treatment with surgery, radiation
therapy and chemotherapy, Glioblastoma Multiforme (high
grade or malignant glioma) has a median survival of about
12 months. Better therapies are sorely needed.

Our group and others have had success killing glioma
cells with biological strategies such as gene therapy. But
these are confined to tumour cells in vitro and in animal
systems. One crucial hurdle has been the issue of delivery
of these biological therapies to the brain tumour. We need
“missiles” which will go where we target, with only a
minimum of the specific “genetic payload” going astray. And
we need sufficient numbers of these genes reaching their
target and to be adequately expressed. Such a targeted
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all countries? The answer is ethics and religion. These topics
need to be discussed carefully and dispassionately. Many
arguments put forth so far cannot be shaken because of
specific convictions or opinions.

Another possible uncertainty lies in the therapeutic pitfalls.
The most obvious is that the cells produced are incompletely
re-programmed and hence unable to produce the tissues
required, or even to function properly. A possible target tissue
are insulin-producing cells. Inadequate re-programming may
result in suboptimal production of insulin when required.

Another argument is that there is lack of evidence that
therapeutic cloning is necessary or useful for medical treatments.
Our counter argument is that more research is needed. The
cloning technology is very recent, and research in the field
of therapeutic cloning is in its infancy. This situation is very
different from adult stem cell research which has been ongoing
for several decades.

Hence, we feel that there is an urgent need to start on
such research. However, given the current ethical and political
climate, it will not be possible to research on human cells with
cloning technology. Thus, there is a need for an animal model
which can be directly translated into human trials – such as
non-human primates.

Once it has been shown to be safe, using non-human
primates first, researchers should be allowed to move
cautiously forward with human therapeutic cloning, within a
legal framework. The proposed legislation and controls by the
BioEthics Advisory Committee (BAC), Singapore, as well as the
similar United Kingdom framework, seem to be the best
under the present circumstances. In Malaysia and Indonesia,
there have been discussions between the relevant authorities
and their Ministry of Health on this matter. In both societies,
human reproductive cloning is not permitted, whilst the
status on human therapeutic cloning is still being discussed.

This issue is highly charged in the United States, mainly due
to the stance of the pro-life groups. Because of that, the debate
has taken a political turn. The latest outcome of the debate in
the US on human cloning, in no small way helped by claims by
the Raelians and also fueled by Antinori’s claims, is the total

ban on all human cloning, both reproductive and therapeutic
(27 February 2003). The Bill, if passed through the Senate and
enacted into law, would impose penalties of up to ten years
in jail and fines of at least US$1 million on researchers who
violate these bans. The bill also prohibits treatments and
cures developed in other countries using SCNT from being
imported into the United States for use by patients. However,
it is likely that US citizens will go to these countries that offer
viable treatment options for their illnesses. It is similar to
patients having abortions in countries that allow the procedures
to be done, or terminally ill patients seeking euthanasia.

As Professor Lim Pin, Chairman, BAC, said, “Once the issue
of access is satisfactorily settled, the research is expected
to proceed apace and the enormous potential of cell therapy
may be realised for the benefit of patients.” (February 2003).

History is rife with examples of advances thought to go
against the thinking of the times. Galileo Galilei, the Italian
physicist and astronomer, was summoned to Rome by the
Inquisition to stand trial for “grave suspicion of heresy”, and
was sentenced to life imprisonment in 1633 for his belief
that the Earth revolved around the sun. This is recorded in
his book “Dialogue on the Two Chief World Systems” which
was published at Florence in 1632. The Dialogue was ordered
to be burned, and the sentence against him was to be read
publicly in every university. Likewise, the life-saving procedure
of blood transfusion was initially forbidden by the Paris
medical faculty, following a death shortly after transfusion
by Jean-Baptiste Denis (France) with sheep’s blood, though
his first attempt in 1667 was with no apparent ill effects.
This ban on blood transfusion throughout France and Italy
lasted until the 1940s, when techniques of crossmatching,
anticoagulation, and storage of blood and the establishment
of blood banks made routine blood transfusion possible. And
the birth of Louise Brown, the first “test-tube” baby, in 1978
following the pioneering efforts of RG Edwards and P Steptoe
in the UK led to a storm of protest on the possible manipulation
of embryos and “designer babies”. Now, IVF and ART are
accepted treatment modalities in infertility.

So, is cloning science ahead of its time? We will leave
the answer to the reader to form his or her own opinion.  ■

“missile” system could potentially and significantly advance
delivery of biological therapies.

Using blood stem cells, we have derived cells that “home”
to an animal model of brain tumours. Essentially human
malignant glioma tumour cells are grown in the brain of an
immunocompromised mouse. After deriving the cells with
the characteristics that we want, we label these cells with a
fluorescent marker so that we can easily identify them later.
We inject our stem cell derived “homing” cells intravenously
into the mice, and later sacrifice the mice, examining their
brain tumours for fluores-cent “missiles” that have hit the
target and we examine other organs also, for “missiles”
which have gone elsewhere. Two types of “smart bombs”
have been developed to arm the missiles. Figure 2 shows a

microscopic section of fluorescent cells which have “homed”
to the brain tumour.

In conclusion, many diseases of the brain cause terrible
morbidity, followed by death. Stem cell therapies bring hope
to patients with Parkinson’s Disease, Huntington’s Disease,
Multiple Sclerosis, Stroke and Brain Tumours. Scientific advances
will continue to underpin and advance medicine. Our patients
await, impatiently.  ■
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