
than those in consultant units.22 The policy of the Department
of Health, however, remains that recommended by the
Peel report,23 and repeated by the Short report in 198024:
facilities should be provided to permit hospital delivery in all
cases.

This story of the happy pursuit of a policy unsupported by
sound evidence is a sorry reflection on the political process. It
has particular relevance now, when general practitioners have
been offered a contract obliging them to do yearly check ups
on all patients aged over 75.
The low water mark of general practice obstetrics may yet

have been reached. At the recent meeting in Birmingham,
which decided to set up an independent body to support
general practice obstetrics (BMJ 11 March, p 626), doctors
were told of some consultant obstetricians' problems in
filling junior obstetric posts. Such gaps could be filled by
general practitioners. Doctors at the meeting took as another
encouraging sign the government's commitment to consumer
choice-although obstetrics is not mentioned in Working for
Patients,25 the government should support a topic where real
choices can be made.
Whether the meeting will be perceived to be the beginning

of the rebirth of general practitioner obstetrics or the first
preparation for the obsequies remains to be seen.
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Gene therapy

Getting there slowly

In a subject that is moving so quickly that the transatlantic
telephone and fax machine are essential for survival gene
therapy seems to have been just round the corner for an
embarrassingly long time. Current research is directed
towards somatic gene therapy-that is, the transfer of genes
into cells other than those of the germ line. The alternative
approach, germ line therapy, in which genes are inserted into
fertilised eggs and so passed on to future generations, though
already well advanced in animals, is not being contemplated
in humans.

Before genes can be inserted into patients several pre-
requisites must be fulfilled. Firstly, to counsel prospective
recipients and their families we must be able to give an
accurate account of the clinical consequences of the illness-
genetic diseases vary widely in their severity, and even when
their molecular basis is known it is not yet always possible to
give an accurate prognosis. Secondly, we have to isolate the
particular gene and define the regulatory regions that are
responsible for its expression in appropriate amounts in the
right tissues. Thirdly, we must identify and isolate the correct
target cells and develop efficient and safe methods with which
to introduce the gene. Finally, unequivocal evidence must be
available from animal experiments that the inserted gene-
functions adequately and produces no deleterious effects in its
new environment and that the recipient cell population has an
adequate life span.
Bone marrow is accessible, and sickle cell anaemia and

thalassaemia were the first monogenic disorders to be

characterised at the molecular level, so it is not surprising that
they became the first candidates for gene therapy. But there
were formidable difficulties to overcome.' 2 Suppose, for
example, that we wished to replace a defective 13 globin gene in
a child with 1B thalassaemia. Firstly, we would have to find the
target cell. As most red cell precursors in the bone marrow are
already terminally differentiated (and so have a life span of
only a few months) the gene would have to be inserted
(transfected) into self renewing haemopoietic stem cells, a
population that we cannot identify, which probably makes up
only 0-1-0-5% of bone marrow cells. Secondly, even if we
were fortunate enough to transfect some of them there is no
reason why these stem cells should proliferate at the expense
of their fellows; it is only their erythroid offspring that would
benefit from the new gene. Thirdly, we would have to ensure
that the inserted gene directs the synthesis of sufficient
f chains to match the number of cc globin chains in the same
cell; if it produced too many it would convert the patient's
1B thalassaemia into cc thalassaemia, not the therapeutic tour de
force we had hoped for. And how could we be sure that the
inserted genes would be expressed only in red cells; what
would happen if they did so in white cells or platelets?

It was thoughts such as these and lack of progress in
understanding how genes are regulated that changed the
direction of research in gene therapy to disorders due to
defective "housekeeping" genes. These are genes expressed at
a low level in most cells, and they may (we hope) not be
subject to such tight regulation as the more specialised genes
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that control globin synthesis.2 Recently, much effort has
been directed at transferring genes such as those coding for
adenine deaminase or hypoxanthine guanine phosphoribosyl-
transferase, defects of which are responsible for severe
combined immunodeficiency and the Lesch-Nyhan syn-
drome, respectively.

Genes may be inserted into cells by injection into the
nucleus, by encapsulation within lipid vesicles,3 by calcium
phosphate mediated transfection,4 or by exposing the cells to a
pulsed electrical field.5 As none of these methods has yet
proved to be particularly efficient delivery systems are being
developed, the most promising of which make use of
retroviruses.6 These agents, adapted by evolution to deliver
their genome into cells, have a complicated structure and
lifestyle. The virion consists of a dimer ofRNA with a protein
coat surrounded by a lipid bilayer that contains specific
glycoproteins that attach themselves to cells during infection.
Once inside the cell the coat is shed and the RNA genome is
copied into DNA by the viral enzyme reverse transcriptase.
Specific retroviral sequences then direct the integration of the
viral DNA into the host genome.

Various ingenious recombinant retrovirus vectors for gene
transfer have been constructed.6 The proviral DNA needed
for infection, integration, and transcriptional control of its
genome, which are all contained in long terminal repeat
sequences, are preserved together with the packaging
sequence. The viral sequences for reverse transcriptase,
internal structural proteins of the virion core, and the
envelope glycoproteins are deleted and replaced by a dominant
selectable marker together with the particular gene that is to
be transferred. The recombinant and now defective retroviral
genome, in the form of plasmid DNA, is then introduced into
murine fibroblasts to generate cell lines that produce the
recombinant retrovirus. Simultaneous infection with a wild
type helper virus that has had its packaging sequence removed
provides the required packaging proteins. Alternatively, a
specialised packaging cell line that contains helper virus
sequences within its genome can be used. In essence,
engineered retrovirus vectors use their packaging sequences
to package proteins produced by the helper virus, which,
because it lacks these sequences, remains trapped in the
cells. Recombinant vector virus particles are shed into the
surrounding media, which is then harvested and used to infect
recipient bone marrow cells -or the latter are incubated
directly with cells that are budding off viral particles.

Clearly, gene transfer with recombinant retroviruses is
feasible. Genes inserted into cultured haemopoietic cells or
other cells may be expressed at levels similar to or greater than
those of the endogenous genes.7 For example, the activity of
hypoxanthine guanine phosphoribosyltransferase has been
restored to a lymphoblast line derived from a patient with the
Lesch-Nyhan syndrome and the metabolic defect almost
completely corrected.8 In vivo studies have, however, been
less encouraging. Recombinant retroviruses containing
selectable markers have been introduced into murine bone
marrow, which was then injected into lethally irradiated mice.
By following the fate of the marked genes in colonies in the
spleen they were shown to have been transferred into
pluripotential haemopoietic stem cells.9 On the other hand,
transplantation of transfected haemopoietic cells into mice or
monkeys has usually been followed by a disappointingly low
expression of the inserted genes and the population of blood
cells containing the new genes has not survived long.1"'
Furthermore, there are still concerns about the safety of
retrovirus transfection vectors. Integration into the genome is
random and it is possible, though unlikely, that if the new
gene becomes integrated in the wrong place it could cause
serious side effects-activating an adjacent oncogene, for

example. And there is always the fear that recombination
might lead to the generation of an infective retrovirus in the
hlost.

But there are also reasons for optimism. Recently sequences
have been identified in the human [ globin gene cluster that
when put in apposition to 0 globin genes and injected into
fertilised mouse eggs direct the synthesis of large amounts of
human 3 globin chains in the red cells of the transgenic
progeny. 2 Furthermore, major technical improvements have
been made in engineering retroviral vectors, leading to the
development of built in safety features that should make
unwanted recombination much less likely.6 13The main
problem that remains is how to transfer genes into the long
lived haemopoietic stem cell population, which seems to be
resistant to transfection, probably because much of it is out of
cycle at any one time. Encouraging results have been obtained
by transfecting other cell types-for example, fibroblasts.'4
These cells might maintain more persistent expression
of transferred genes, particularly as they undergo little
differentiation after engraftment. This approach may make it
feasible to transfer genes for blood clotting factors- for
example, factors VIII and IX. Gene transfer predicted by a
retrovirus has also been achieved in primary cultures ofmouse
and rat liver cells.'51'7
Some recent successes have also been recorded in the

targeted modification ofgenes by site directed recombination,
a technique that has been used in yeast for many years
but has only recently been applied to murine and human
genomes. 1820 Here the idea is that the exogenous DNA should
contain a region with the same nucleotide sequence as the
target gene so that homologous recombination can occur
between regions of identical sequence. In other words,
it simulates nature's way of gene mixing. Currently this
approach is still inefficient and tends to generate new
mutations, but in the long term it could be the most direct way
of replacing defective genes. It has the particular appeal of
replacing directly the defective sequence rather than inserting
a new gene at random.

Molecular biology seems, therefore, to be getting there,
but there are still formidable difficulties in cell biology
to be overcome. The first priority is to correct a relatively
straightforward disorder such as a defect in a housekeeping
gene or a haemoglobinopathy. But because of the serious
developmental defects associated with many genetic diseases
-for example, the Lesch-Nyhan syndrome-in the long term
it will be necessary to learn how to correct genetic defects early
during human development. Doctors who are concerned
about the risks and ethics of gene therapy can be reassured
that it will only be applied in clinical practice when the safety
criteria set out by the European Research Councils and
National Institutes of Health have been met. In fact, somatic
cell gene therapy raises no new ethical problems; it is no
different in principle to organ transplantation. But we have to
be sure that it is safe and effective before it is applied in clinical
practice.
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PET scanning

Provides inforrmation on function

The acronym PET stands for positron emission tomography.
This uses the tomographic principles of radiation detection
and subsequent image reconstruction, but it is more than an
imaging technique. Positron emission tomography measures
local tissue concentrations of radioisotopes in the body and
differs from tomographic imaging with techniques such as
computed tomography or magnetic resonance imaging in that
it provides functional information.
The versatility of this approach is shown by the wide range

of variables that have already been measured and potentially
can be measured in humans.' 2 Local tissue perfusion, blood
volume, glucose and oxygen consumption, and fractional
extractions of various metabolites and substances have all
been quantitated and imaged with accuracy. In this, the use of
a positron emitting isotope as a tracer is crucial. Radioactive
forms of oxygen, nitrogen, and carbon can be made and
substituted for the same stable elements in the molecules to be
studied, thus avoiding alterations ofthe normal metabolic rate
after introduction into the body that may result from the use
of "foreign" isotopes such as iodine or technetium. The
activity passing through a volume of scanned tissue can then
be measured.
The variety of functions that can be assessed and imaged is

limited by the availability of tracers that can be rapidly
labelled chemically with the isotopes, which have extremely
short half lives (for example, the half life of oxygen- 15 is 2 1
minutes and that of carbon- 1i, 20 minutes). Measuring the
amount of a labelled molecule in the tissues depends on
several chemical, physical, and biological factors, any of
which may be the focus of primary, clinical, or biological
interest. The development of new PET tracer techniques
depends on isolating this focus.
Measuring the oxygen and glucose metabolism has been

widely used to investigate cerebral function and disease
during the 10 years that PET has been used in humans. The
brain uses these substrates as the sole providers of metabolic
energy, and hence the consumption of glucose or oxygen, or
both, reflects total neuronal function. Techniques have been
used to highlight areas of the brain that participate specifically
in performing motor, verbal, visual, and other tasks.3 As the
methods have become more complex so rapid measurements,
which can be repeated at the same session, are now possible,
permitting complex analyses of neuropsychological functions
and of responses to external stimuli.4 Metabolic measure-
ments are also valuable in delineating areas of the brain with
disturbed function- for example, the abnormalities ofparietal
and posterior temporal metabolism described in patients with
early Alzheimer's disease.5 Another example is identifying

subjects at risk of Huntington's disease by finding low energy
metabolism in the caudate nucleus. This pattern is universal
in the established disease and its finding in apparently healthy
people has raised the possibility ofpresymptomatic identifica-
tion of gene carriers.6 Conversely, raised metabolism is found
during pathological excitation, such as in epilepsy. PET has
been found clinically useful in assessing patients with partial
complex epilepsy for treatment with temporal lobectomy by
detecting hypometabolic areas in a temporal lobe during the
interictal period.79

Measuring haemodynamic variables such as tissue per-
fusion and blood volume together with oxygen metabolism
has helped our understanding of ischaemic and pre-ischaemic
states'0-'2 and is being developed further for evaluating
haemodynamic compromise in patients with stenotic and
occlusive disease of arteries in the neck. This ability to
measure and image hypoxia and ischaemia is also proving
useful in studying myocardial ischaemia'3 and the local
physiology of tumours of the brain and other organs. ' More
recently, methods have been introduced to measure
the function of neurotransmitter systems in Parkinson's
disease,'6'8 schizophrenia,92' and partial complex epilepsy.22 23
Other tracers are being developed for the serotonergic
system.2429 In a few cases tracers have already been used for
imaging and measuring the function of both presynaptic
and postsynaptic components of a neurochemically distinct
pathway.
The scope for labelling a wide range of chemicals and

pharmaceuticals is immense. Recent advances suggest that
further tracers will be identified and new methods developed
in the coming years, while the performance of the PET
scanners will probably also improve. The combination of
metabolic and transmitter specific tracers is particularly
attractive for investigating neurological disease, particularly
the degenerative disorders of the deeper cerebral structures.
The prospect ofbeing able to classify in life some degenerative
diseases presenting as dementias or akinetic-rigid syndromes
will allow us to study their natural course and possible
treatments.29 Other applications are likely in oncology,30
cardiology, and local blood-brain barrier function.3' 32
PET is a general technique which may be applied to any

part of the body. Apart from metabolic and transmitter
studies it may be used to measure tissue concentrations of any
labelled substance or drug and its rate of change with time."
Nevertheless, its clinical utility is frequently questioned.
Certainly, the technique is difficult (because of the short lived
isotopes), expensive on capital costs, (necessitating a cyclo-
tron, PET scanner, hot cells, and computing facilities), and
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