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Gene therapy begins

Rapidprogress likely

The start of the first clinical trial ofgene therapy in Britain was
announced recently. Doctors at Great Ormond Street, in
collaboration with colleagues in the Netherlands, took bone
marrow from a child with severe combined immunodeficiency
due to the absence of the enzyme adenosine deaminase. They
introduced the normal gene into the cells using a disabled
retrovirus before replacing them into the circulation. This is
likely to be the first of a flood of attempts at somatic gene
therapy for diseases as diverse as cystic fibrosis and cancer,
representing a clinical harvest from the human genome
mapping programme and the new genetics. This explosion
will mirror that in the United States, where the national
advisory committee has approved about 50 separate protocols
for gene therapy. '

Since Britain's Clothier committee reported that somatic
gene therapy (in which the genes are targeted to the cells of
specific affected organs and not to egg or sperm cells) raises no
substantial ethical issues,2 three major classes of disease have
been studied. Many of the mutant genes that cause single gene
disorders have been cloned, can be handled with ease in the
laboratory, and can be reintroduced into cells, first in the test
tube, then in living animals and humans.3 This often relies
on virus carriers: the favoured vectors to date have been
adenovirus (which is trophic to lung and gut but also has
receptors on many other cell types) and mouse mammary
tumour virus, a retrovirus that targets all dividing cells.4

Initially there were many concerns about safety because
viruses are pathogens. Even though most of the pathogenic
genes are replaced by the normal human gene of interest (the
gene for adenosine deaminase in the current trial), there are
small residual risks, both in the viral construct itself and
because of the possibility of recombination with wild viruses
in the person being treated. But most experts agree that these
risks are small in the context of serious disease, although they
should perhaps be reconsidered if gene therapy is to be used
more widely in the context of prevention.
The current drive towards gene therapy for single gene

diseases has been helped greatly by the development of
transgenic animal models as has been shown for cystic
fibrosis. Several teams interrupted the cystic fibrosis trans-
membrane regulator gene (CFTR) (which, when mutated,
causes cystic fibrosis) in mouse embryonic stem cells and bred
mice that are homozygous for the gene defect and share many
of the symptoms observed in children with the disease.57 A
collaboration between Oxford and Cambridge recently
showed that when copies of the normal cystic fibrosis

transmembrane regulator gene were introduced into the lungs
of the mice by using liposomes (lipid vehicles which fuse with
the epithelial cells) the ion transport defect was corrected, at
least in some cases.8 A joint effort between the Royal
Brompton Hospital and St Mary's Hospital, London, with
additional input from the MRC Human Genetics Unit in
Edinburgh, is hoping to begin trials this year using the same
techniques for cystic fibrosis in human volunteers.9
Gene therapy is also being considered for many other

genetic metabolic diseases, such as diabetes and haemophilia.
Gene therapy aims to introduce a normal gene to express the
missing protein, but under regulation that is at least partly
physiological. Most interest centres on using the liver as a
delivery system: a small biopsy of liver would be taken from a
patient with, for example, haemophilia A, and treated in
culture to introduce the gene for factor VIII. The cells would
be placed in the hepatic portal circulation, where they would
secrete factor VIII into the circulation. Clearly such an
approach would be much more valuable if stem cells could be
used, and much interest at present centres on identifying
these elusive entities.

Biotechnology companies are interested not only in liver
but also in skin as a delivery tissue. Skin grafts could be
modified to secrete proteins into a very large vascular bed,
which has the further advantage that the skin could be easily
renewed or removed if it stopped working or if untoward
problems arose.

Cancer poses a major opportunity to use the techniques
developed for gene therapy in another mode-to deliver toxic
genetic elements specifically to tumour cells to aid in cell kill. "'
There are three main approaches. The first and simplest
supplies tumour suppressor genes (such as p53) to cancer
cells; these genes suppress cell growth but are active only
against tumour cells because they are already active in normal
cells throughout the body. Another approach targets genes for
mitogens such as interleukin-2 into melanoma as immune
regulators; the gene is introduced in vitro, and when the cells
are reintroduced into the patients they seem to activate
the immune system to fight the tumour. Finally, one
biotechnology company is trying to target the gene for
thymidine kinase into brain tumours; the cells that take up the
gene can metabolise the drug ganciclovir into a toxic form,
which kills the cell and also surrounding cells by a bystander
effect. All of these approaches are in their early stages, but
there are hopes that trials at the Royal Postgraduate Medical
School will start this year.
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Because of concerns about the safety of using viruses and
their limited capacity to carry inserted genes other approaches
are being evaluated. These include the use of liposomes,
direct injection of DNA into growing muscle without a viral
helper, and preparation of human minichromosomes, which
could contain all of the surrounding sequences activating and
suppressing the gene in a physiologically controlled fashion.
If modified, highly efficient, and safe techniques for gene
delivery and targeting are devised (which might involve
injection or ingestion) this could become an enabling tech-
nology of great importance not only for genetic disease but
also for prevention. For example, delivering the gene for the
low density lipoprotein receptor to the liver, thereby lowering
blood glucose concentration, has been seen in terms of
treatment of inherited hypercholesterolaemia but may equally
be valuable in acquired or idiopathic cases.
The overall picture is, therefore, hopeful. Gene therapy

will become the treatment of choice for several single gene
disorders during the coming decade, particularly where the
affected organs are accessible. It may become a method of
targeting lethal genes to cancer cells and may join surgery,
chemotherapy, and radiotherapy as routine treatments for
cancer. Perhaps most importantly, the techniques of gene
therapy could represent a general method for the delivery of
gene products into many human tissues in a specific and

controllable fashion, introducing a new modality into safe
drug delivery. It won't happen immediately, but progress is
occurring faster than anyone would have predicted even a
decade ago.
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Long term risks after attempted suicide

Identifying riskfactors should help to reduce subsequent suicide

The Health of the Nation's targets for mental health include
two on preventing suicide: to reduce the suicide rate by 15%
in the general population and by 330/O in severely mentally ill
people.' Health care professionals' reactions to this initiative
have been mixed-some welcoming it, others lacking
enthusiasm and even dismissing it. Two papers in this week's
journal contribute to the topic (p 1637,2 p 16413). Both
examine the long term risk of suicide in people who have been
admitted to hospital for attempted suicide; they provide
valuable further evidence concerning the greatly increased
vulnerability of such patients to suicide as well as other causes
of premature death. Importantly, they focus on adolescents
and young adults: it is among young adult men that suicide
rates have risen recently.
The Danish study reports a 10 year follow up of all patients

admitted in 1980 to a poisoning treatment centre for attempted
suicide.2 Although case note data were obtained retro-
spectively, the reliability of follow up benefited considerably
from access to national registers concerned with population
statistics and causes of death. The findings show that such
patients have a high risk of premature death from both
unnatural and natural causes compared with the general
population. Rates of suicide and deaths from uncertain causes
are increased by factors of 30 and 60 respectively. Such
patients, especially substance misusers, are also at greatly in-
creased risk ofpremature death from accidents. Deaths due to
natural causes were also significantly increased and were
commonly related to physical illness secondary to alcohol
misuse, younger adults being at greater risk. Factors that
were significantly associated with subsequent suicide were
greater age, living alone, manic depressive illness, a history
of more than two episodes of attempted suicide, and,
surprisingly, not being treated in a respirator after the index

attempt. Retrospective analysis also suggested that alcohol
misuse may have been missed in some cases at the time of the
index admission.
The case-control follow up study from the Regional

Poisoning Treatment Centre in Edinburgh focused more
specifically on adolescents and young adults aged 15 to 24 who
had been admitted during 1968-85 and examines risk factors
for subsequent suicides that occurred locally.3 Without a
comprehensive population register it was not possible to
decide the completeness of follow up information, but
the findings are both convincing and important. Factors
significantly associated with subsequent suicide were social
class V, unemployment, previous inpatient psychiatric
treatment, substance misuse, personality disorder, and
previous attempted suicide. Of these, misuse of alcohol or
drugs and previous inpatient psychiatric treatment remained
significant independent risk factors after multifactorial
analysis. The authors emphasise the importance in suicide
prevention of developing a well coordinated service for
substance misuse in young adults in parallel with a preventive
programme aimed at early detection and education. The
importance of these findings is underlined by evidence from
elsewhere that younger people who commit suicide are less
likely than others to make contact with services in the last
weeks of their lives.4
Both follow up studies show the difficulties that we face in

deciding exactly how to use risk factors in routine clinical
situations, given their low specificity and sensitivity. The
Danish authors go so far as to claim that, although high risk
factors can be identified, a high risk strategy is not suitable for
preventing suicide. This view should be challenged. Despite
their limitations risk factors must surely be ofvalue to a doctor
who has the unenviable task of trying to predict the short term
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