VIEWPOINT

Ethics, stem cells and spinal cord repair

STEM CELLS CREATE HOPE that we can not only repair but
also regenerate damaged and impaired bodily tissues to
restore the functions of the healthy body when crucial
organs are compromised. This ability would be particularly
welcome for spinal cord injury where supportive care rather
than any attempt at repair or recovery of function has been
the rule. However, spinal cord repair is very complex and
includes restoring or enhancing local spinal reflex arcs and
reconnecting regenerating axons from above. Neurite out-
growth in the central nervous system (CNS) also requires
that inhibitory molecules on oligodendrocytes be elimin-
ated. Moreover, gliosis may block the axon outgrowth.!

Neural stem cells are multipotent neural progenitor cells.
The main strategies for spinal cord repair using stem cells
are:
= to have them act as a cellular bridge providing chemical

and mechanical cues for axons to traverse the bridge into

the spinal cord below the injury site;

= to provide a source of new neurons which may repair
damaged circuits in the spinal cord; and

= 1o secrete neurotropic substances which promote repair.

Olfactory ensheathing cells (OECs) are unique in sharing
properties of Schwann cells and astrocytes and ensheathing
olfactory neurons throughout their course. When trans-
planted, OECs may overcome the inhibition of neurite
growth in the CNS. Thus, these cells can be used as an
alternative to stem cells for transplantation. They act as a
cellular bridge through which corticospinal axons can grow
distal to the injury with the aim of restoring some motor
function. This has been achieved in experiments in ani-
mals.»»? Transplantation of autologous olfactory ensheathing
cells for chronic spinal cord injury in humans has com-
menced in Queensland.? It is too early to assess the results
of these interventions.

Stem cells alone may not be enough to improve functions
in a damaged spinal cord. Future strategies for human
spinal cord repair will probably be multifaceted, with
enhancement of axonal growth and reconnection, replace-
ment of cellular elements, and the reversal of demyelination
all being necessary for success. The connective tissue
matrix, the degree of glial scarring and the central myelin
inhibitory factors (elimination of which is required for axon
outgrowth) are all important. The balance of these factors
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ABSTRACT

= Attempted repair of human spinal cord injury by
transplantation of stem cells depends on complex biological
interactions between the host and graft.

= Extrapolating results from experimental therapy in animals
to humans with spinal cord injury requires great caution.

= There is great pressure on surgeons to transplant stem cells
into humans with spinal cord injury. However, as the efficacy
of and exact indications for this therapy are still uncertain,
and morbidity (such as rejection or late tumour development)
may result, only carefully designed studies based on sound
experimental work which attempts to eliminate placebo
effects should proceed.

= Premature application of stem cell transplantation in humans
with spinal cord injury should be discouraged.
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may be as important as the stem cells and very difficult to
optimise.

The application of stem cells in neurosurgery, and the
biology of cellular transplantation for spinal cord injury,
have been reviewed elsewhere.>*> The ethical issues that are
raised in relation to neural stem cells are representative of
ethical problems throughout the field of stem cell research.
The purpose of this article is to discuss the ethical issues of
cell transplantation in repairing the injured human spinal
cord. We do not address the ethical problems of embryonic
stem-cell harvesting or the genetic engineering of stem cells.

Ethical issues in the clinical use of stem cells

Selection of patients

Extrapolating the results of animal experiments to humans
is problematic. Extrapolations should be made from ani-
mal models which closely resemble the human injury.
Neural transplants into the damaged spinal cords of young
or neonatal animals may produce better results than if the
host is an adult because of the plasticity of repair in the
young animal. It is also important to distinguish return of
spinal cord reflex activity below the level of the experimen-
tal lesion with that of recovery of complex behaviour,
coordination and balance, which depend on repair and
regeneration at the level of the spinal cord injury. Special
tests have been designed to assess this return of function.®
The timing of the neural transplantation into the injured
spinal cord is also important, as the biology of repair in a
chronic injury is also very different from transplantation
early after injury.
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The clinical application of stem cells to spinal cord injury
is problematic in that the less neurologically impaired the
patient, the greater the likelihood that manipulation of the
spine will produce a worsening of function. Thus, patients
with partial spinal injury have more to lose from surgery
than those with complete injury. This problem is intensified
if, as some theorise, the procedure with the greatest chance
of success is the creation of a clean transection with the use
of a matrix-and-stem-cell suspension to potentiate repair.
Evidence for a high probability of anatomical and functional
improvement would be required before embarking on such a
surgical transection — theoretical considerations alone
would be insufficient. On the other hand, if one were to
work solely with patients who have had complete transec-
tion, it would be possible to miss (because of the enormity of
the reconstructive task) small but important gains which
could be stepping stones for interventions offering more
chance of viable repair.

The placebo effect

Unfortunately, some of the minimal but significant gains in
spinal function reported with techniques such as late
decompression of spinal injury are subjective (even though
they may indicate a way forward to more substantial gains).
Therefore, the ethical issue of subjecting paraplegic and
quadriplegic patients to sham spinal surgery for the purpose
of controlled comparisons has to be faced. This may be
justified where the sham surgery is innocuous and clear
distinction between genuine and placebo outcomes is not
only crucial, but impossible without surgery. These issues
are hotly debated by ethicists and surgeons.’

Pressure to apply stem-cell techniques

Surgeons working in this area are constantly being pressured
to perform the surgery required as soon as it looks promis-
ing. This pressure comes from patients, biotechnology
companies and universities with interests in any new area of
medical innovation. Scientific objectivity may be further
diminished by the egos and commercial imperatives of the
proponents. However, whatever the source of such pressure,
clinicians need to maintain independent clinical judgement.

These problems were vividly illustrated when many
patients with Parkinson’s disease travelled to Mexico to have
adrenal medulla transplanted to the caudate nucleus in the
hope of a miracle treatment, only to be disappointed; some
also suffered serious complications. Subsequently, Goetz et
al reported the results of adrenal medullary transplantation
in 61 Canadian and United States patients who underwent
surgery in 13 US centres. Only 19% of patients were
considered to have shown improvement at 2 years, and there
were significant rates of morbidity and mortality from this
surgery.®

The media should accept some responsibility for raising
the expectations of patients with the promise of a significant
new advance. The issue of media reports creating false hope
for cancer sufferers has recently been examined in the
Journal,!® but also applies to use of stem cells. It is
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important that researchers explain their work to the media
in simple but accurate terms.

Even in animal studies we are increasingly finding that
neural repair is a prolonged process, and that we may need
to wait months or years for any indication that an interven-
tion has produced any clear benefit. However, the pressure
to help suffering patients is so intense that waiting for the
results of interventions before recommending their more
general use is difficult. This is especially so in patients with
spinal injuries, for whom just maintaining function is a
major exercise.

Long-term risks to patients

Immunological rejection of non-autologous stem cells may
occur in the CNS, as elsewhere in the body, and can cause
the loss of the graft. The use of immunosuppressant drugs
may prevent such rejection.! Of concern is the possible late
development of neural tumours arising from implanted stem
cells. Genetically engineered stem cells may harbour onco-
genes, which could also theoretically induce late tumour
development in the graft. However, tumours have not
developed in any cultures of human stem cells or after
transplantation into animal models, and further experiments
are required to determine the risks.? The first tentative steps
with a new technology such as stem-cell repair must be
undertaken with great caution and anticipation of possible
risks.

Conclusions

Stem-cell-based technology offers amazing possibilities for
the future. These include the ability to reproduce human
tissues and potentially repair damaged organs (such as the
heart,'! liver,'? brain and spinal cord'®!%), where, at
present, we mainly provide supportive care to prevent the
situation from becoming worse. This potential almost
silences the sternest critics of such technology, but the fact
remains that the ethical challenges are daunting. It is
encouraging that, in tackling these challenges, we stand to
reflect a great deal about the ethics of our profession and our
relationships with patients, industry, and each other. The
experimental basis of stem-cell or OEC transplantation
should be sound before these techniques are applied to
humans with spinal cord injury.
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