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Viewpoint

Genetic engineering and the clinician

No clinician can nowadays be unaware that over the
last decade revolutionary changes in biochemistry
have taken place, are gathering pace and purpose,
and are causing some extensive restructuring of the
scientific foundations of the basic medical sciences
upon which clinical medicine is built. The spearhead
of this revolution consists of the new methods of
taking genes to pieces and recombining, or putting
them back together again, in novel and interesting
ways. More disconcertingly, the proponents of these
new methods are turning up at the clinical meetings
of many medical disciplines and confronting the
establishment with a host of novel products,
methods, and ideas. The merit and relevance of these
may be difficult for the practising clinician to assess,
the more so since the new discipline is based on a
biochemistry which only the younger medical gradu-
ates have any experience of, and which has evolved
its own jargon apparently designed specifically to
exclude nonmembers of the recombinant DNA club.
The term 'genetic engineering' itself has a some-

what racy and extravagant air to it (perhaps because
it rhymes with racketeering), and is in fact now used
more by the media than by serious practitioners of
the art; a less catchy but more correct title for this
article would be 'Recombinant DNA and the clin-
ician'. Despite all this the revolution in terms of the
results already achieved and its immediate relevance
for clinical medicine are real. The purpose of this
article is therefore firstly to outline the relevance of
recombinant DNA to the clinician, and secondly to
explain how it is done, since behind the jargon lie
only a few simple concepts.

Clinical applications

The immediate relevance of recombinant DNA
technology is that it has provided novel approaches to
both therapy and diagnosis. Taking therapy first,
most clinicians will have read how substances such as
insulin, growth hormone, and interferon are now
being produced by the methods of recombinant DNA
technology' and have every prospect of being
cheaper, purer, and available in much greater quan-
tities than those produced by standard processes. The
key points to note are that these 3 examples are all
polypeptides and that all are the products of human
genes. The therapeutic use of human gene products

instead of the corresponding animal ones has obvious
advantages for the avoidance of unwanted
immunological sequelae. These 3 examples represent
some of the first commercial applications of recom-
binant DNA technology.
The prospect of being able, in theory, to produce

almost any human enzyme, polypeptide hormone, or
other gene product has spawned a swarm of biotech-
nological companies vieing for a stake in the lucrative
markets which are opening up and causing headaches
for patent companies (can you patent a gene?), and
those concerned that the co-operating universities
should remain autonomous and free from market
influences. Whereas the production of such gene
products is a real therapeutic achievement of recom-
binant DNA research, the opposite is true for gene
therapy itself, by which is meant the correction of
human genetic defects by the introduction of recom-
binant DNA into human patients. Since it is a popular
misconception that this is what 'genetic engineering'
is all about it is necessary to stress that this aspect of
recombinant DNA research occupies only a small
fraction of recombinant DNA research activity. One
or two premature sallies into this arena have recently
resulted only in bringing a measure of disrepute on
the subject of genetic engineering in general and
disproportionate advertisement to what is only a rela-
tively minor and long-term goal of recombinant
DNA research.2 The genetic manipulation of plants,
on the other hand, occupies much more serious
interest, and the improvement of crops by means of
recombinant DNA techniques seems likely soon to
bring major agricultural benefits.

Turning now to diagnosis, paediatricians,
haematologists, and clinical chemists especially are
now well aware of the major advances in diagnosis of
genetic disorders, especially inherited metabolic dis-
orders, that have made their main impact so far in
providing unequivocal antenatal diagnoses in the
globin gene disorders of sickle cell disease34 and
thalassaemia.5 In most of these cases families at risk
can now be offered antenatal diagnosis well before
the twentieth week of gestation using the relatively
noninvasive procedure of amniocentesis, or con-
siderably earlier by biopsy of chorionic villi.6 From
even the few fetal cells available in 15 ml of amniotic
fluid sufficient DNA can be extracted to define the
genotype of the fetus with respect to the gene at risk,
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on account of the remarkable sensitivity and specific-
ity of the new techniques. An aspect which makes
unequivocal diagnosis very much easier is that a qual-
itative, as opposed to quantitative, result is obtained,
by which is meant that the diagnosis is based on the
position of a band in a gel after electrophoresis (i.e., it
is either there or it isn't), as opposed to a decrease in
the value of a measured quantity such as an enzyme

activity, where there may be doubt as to how low a

value must be to be unequivocally outside the 'nor-
mal' range. The benefit to families who can now be
guaranteed a normal child by means of these tech-
niques needs no emphasis.

So far these techniques have been mostly confined
to the diagnosis of globin gene disorders, for reasons
which will be made apparent below, but what makes
the results of relevance to all clinicians is that the
same diagnostic method can in principle be applied to
any inherited disorder caused by a single gene defect.
In fact, it is not being too extravagant to claim that it
should soon be possible to diagnose virtually all of the
more common monogenic disorders by these means.

In addition, the same methodology should be able
soon to diagnose a monogenic disorder such as Hun-
tington's disease, the cause of which is unknown,
even before the defective gene product has been
identified and isolated. The requirements in this case

are that the chromosomal location of the defect is
known with a fair degree of accuracy and that a

suitable DNA 'probe' to a region of the chromosome
in the vicinity of the lesion is available. The meaning
of the term 'suitable DNA probe' will be enlarged
upon below, but the significant point is that assay or

analysis of the protein product of the defective gene is
not required, since the diagnostic procedure is
limited to analysis of the patient's DNA.
Apart from the immediate relevance to the clin-

ician of these therapeutic and diagnostic applications,
a working knowledge of the principles of recombin-
ant DNA technology will make it much easier to
follow the profound advances in our understanding
of the biochemical basis of such major topics as

malignancy, differentiation, and bacterial drug resis-
tance, to name but a few diverse examples. Practical
applications in these areas, however, are at a less
advanced stage. It is now appropriate to discuss what
recombinant DNA technology is and how it works.

Recombinant DNA technology

To produce commercial quantities of a human gene

product for therapeutic use the first requirement is to
prepare DNA which contains the coding sequence
for that product. If insulin is taken as an example of
such a product, one way to do this would be to take
islet cells which are making insulin and prepare from
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them the messenger RNA for insulin. To get enough
of this messengerRNA can be a major problem and is
the chief limiting factor in cloning human DNA. The
ready availability of large quantities of globin mes-
senger RNA in easily accessible reticulocytes
explains why the disorders of haemoglobin synthesis
and structure were the first to fall to these new diag-
nostic advances. Be that as it may, after the mes-
senger RNA has been obtained the next step is to
convert it into DNA (called a cDNA, for complemen-
tary DNA) with an enzyme, reverse transcriptase,
made by oncogenic RNA viruses. Although this ap-
proach was successful in preparing insulin cDNAs
from some animal sources, it was not possible to
obtain sufficient fresh human islets, not surprisingly,
and the problem was in fact eventually solved for
human insulin by synthesising DNA with the correct
coding sequence by purely chemical means.'
The minute amount of DNA so made is useless as

such, and it must now be introduced into a suitable
bacterial host, usually Escherichia coli, which will
then propagate and amplify the DNA. On its own,
however, the DNA would not be replicated, so it
must first be coupled up, or recombined, with a suit-
able vector DNA, which may be from either a modi-
fied bacteriophage or a plasmid. The latter is usually
an autonomously replicating small circular DNA
familiar to the physician in a quite different con-
text-they are the agents responsible for the
phenomenon of infectious drug resistance. The genes
they carry which confer upon their host bacteria resis-
tance to antibiotics may be a bane to the clinician but
are a boon to the genetic engineer, as will become
evident shortly. There are a number of straightfor-
ward biochemical ways of coupling up the DNA to
this plasmid vector, and when that is done the recom-
binant DNA so formed is introduced into the bac-
terial host by rendering their surfaces permeable to
DNA with calcium ions.

Bacteria which have taken up the vector DNA plus
the human DNA coupled to it (transformants) can be
selected from nontransformed bacteria by utilising
the product of a vector gene, for example penicillin-
ase, which confers resistance, in this case to penicillin,
on host bacteria containing the recombinant DNA.
As the vector DNA replicates along with the multi-
plying bacteria it replicates the human DNA along
with it. The enormous amplification power of the
method now becomes apparent. Even if only one
bacterium picked up a recombinant DNA molecule,
it can be specifically selected for by growing on
antibiotic-containing medium, and the resulting
single colony on an agar plate, or clone, when grown
up in a litre or so of broth culture, will easily yield 1012
or more identical copies of the original recombinant
DNA molecule.
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Now comes a division of the ways, depending on
the use to which the cloned recombinant DNA is to
be put. A cloned DNA for insulin could be used to
manufacture human insulin for therapeutic purposes
on the one hand, or it could be used as a 'probe' to
investigate its potential in the diagnostic sphere,
perhaps to diagnose inherited forms of diabetes mel-
litus.7 In the former case there is much more work to
be done, since the simple presence of the insulin
DNA in the bacteria is no guarantee that its polypep-
tide product will be expressed. Before it can do this
further biochemical manipulations of the recombin-
ant DNA are required to insert regulatory pieces of
bacterial or bacteriophage DNA in front of the insu-
lin sequence in such a way that the bacterial enzymes
will transcribe and translate the insulin message into
protein. All this is now in fact history, and the details
of the absorbing saga of human insulin production in
bacteria can be read elsewhere.' Although the details
will differ, the principle given in this example applies to
all cases where a human, or any eukaryotic, gene
product is caused to be synthesised in this way and
rendered available as a therapeutic agent.

Diagnostic applications

Turning to the diagnostic applications of the cloned
DNA, whether it be the insulin gene of the above
example, or the human globin genes already in use in
many laboratories to diagnose sickle cell disease or
thalassaemia, we find the problems are quite dif-
ferent. The cloned DNA will be used as a probe to
analyse its counterpart in the patient under study.
DNA is prepared from the patient's white blood cells
from 10 ml of blood, or from amnion cells obtained at
amniocentesis. Cells from cultured fibroblasts or
Epstein-Barr virus-transformed lymphoblasts can
also be used. This DNA is then cut with a suitable
restriction endonuclease. The latter is a bacterial
enzyme which cuts DNA at a specific base sequence.
Many hundreds are now known, recognising over a
hundred different base sequences. For example, the
restriction endonuclease Eco Rl recognises and cuts
DNA wherever it finds the sequence GAATTC,
which will be about once every 4000 base pairs on the
average. Eco Rl digested human DNA will produce
something like 106 different but discrete fragments,
which when analysed by the conventional gel elec-
trophoresis separation procedures produce not sur-
prisingly an uninformative smear if the DNA in the
gel is stained with conventional dyes. One of these
fragments hidden in the smear (or more if the enzyme
cuts within the gene itself) contains the gene of
interest, and I will use the globin gene as an example.

If there was a mutation in or close to the globin
gene, such as a deletion (common in some thalas-
saemias), or a point mutation which either creates or

destroys a sequence recognised by a restriction
enzyme (an Mst II site is destroyed by the sickle cell
mutation4), then the DNA fragment or fragments
corresponding to the mutant gene will differ signifi-
cantly in size from normal. Hence the identification
of a different sized DNA fragment will confirm the
presence of the defective gene. The only problem
remaining is how to detect these altered fragments
among the other million odd bands on the gel. To do
this the cloned gene is now used to probe for its
counterpart in the patient's DNA. This probe DNA is
readily prepared from the bacteria in which it is prop-
agated together with its vector, and before use is
rendered highly radioactive with 32P by the simple
enzymatic reaction of nick translation, in which nuc-
leotide residues of the probe are replaced by com-
mercially available radioactive ones.

Since the probe cannot readily get at the patient's
DNA in the gel, the million or so DNA fragments in it
are transferred to the surface of a sheet of cellulose
nitrate by a simple technique called Southern blot-
ting8 (E. Southern is a biochemist in Edinburgh).
Here, the cellulose nitrate sheet is placed on the gel
with a pile of paper towels on top and buffer solutions
underneath, and capillary attraction sweeps the
DNA bands out of the gel on to the sheet, where they
stick. The sheet with its faithful imprint of the DNA
bands is now incubated for a day or so with the
radioactive globin DNA probe to allow the DNA of
the probe to find and hybridise with the complemen-
tary DNA of the patient. After incubation the sheet is
washed, but the radiolabelled probe remains bound
to the position on the sheet where it has hybridised to
the patient's globin DNA fragments. This position is
easily located, and the bands of DNA demonstrated,
by leaving anx-ray plate on the sheet for a day or so to
produce an autoradiograph. In normal individuals a
single band would typically be seen on the au-
toradiograph; from a patient homozygous for a glo-
bin gene defect there would be a single band but in a
different position; if heterozygous for the defect then
2 bands would be visible, one in the normal and one
in the abnormal position. One of the most useful
aspects of the methodology is that the heterozygote
can be detected as easily as the homozygote. An
outline of the approach is given in Fig. 1.

Finally, how generally available are these techni-
ques? To manufacture a human gene product for
therapeutic use is an enormously complex task, and
even when the final recombinant molecule has been
successfully made and is functioning correctly in its
bacterial host, the production complexities require
the facilities of a major commercial enterprise. In
contrast, the diagnostic methodologies for inherited
gene disorders can be handled satisfactorily by a
small team consisting, for example, of a chemical
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Fig. 1 Outline ofgene analysis ofa normnal individual (A)
and a patient (B) with thalassaemia who ishomozygousfora
deletion in a globin gene.

pathologist, a biochemist or microbiologist (prefer-
ably postdoctoral), and one or two technicians, using
little more than standard laboratory equipment.
Human genes are now being cloned at the rate of
almost one a week, recent examples being those
for glucose-6-phosphate dehydrogenase,9 hypox-
anthine-guanine phosphoribosyl transferaset0 (defi-
cient in the Lesch-Nyhan syndrome), and arginino-
succinate synthetase" (deficient in citrullinaemia).
Once cloned, the bacterial stocks containing the
recombinant genes are rapidly made generally avail-
able to anyone requiring them for diagnostic or
research purposes, and they can then be easily stored
until required. New diagnostic applications are thus
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becoming available at an ever increasing pace. It is
timely, therefore, for clinicians to be aware of these
potentials and possibilities, and to be at least on
nodding terms with the principles and jargon, for to
our students who thrive on rapid change it will soon
become familiar ground.

Department of Chemical Pathology,
University of Cape Town,
O'bservatory 7925,
Cape Town,
South Africa.

E. H. HARLEY

References

1 Goeddel D V, Kleid D G, Bolivar F, et aL Expression in
Escherichia coli of chemically synthesized genes for human insu-
lin. Proc Natl Acad Sci USA 1979; 76: 106-10.

2 Anderson W F, Fletcher J C. Gene therapy in human beings:
when is it ethical to begin? N Engl J Med 1980; 303: 1293-7.

3 Kan Y W, DozyA M. Antenatal diagnosis of sickle-cell anaemia
by DNA analysis of amniotic fluid cells. Lancet 1978; i: 910-2.

4 Change J C, Kan Y W. A sensitive new prenatal test for sickle-
cell anaemia. N Engl J Med 1982; 307: 30-2.

5 Orkin S H, Alter B P, Altay C,etal. Application of endonuclease
mapping to the analysis and prenatal diagnosis of thalassaemias
caused by globin gene deletion. N Engl J Med 1978; 299:
166-72.

6 Williamson R, Eskdale J, Coleman D V, Niazi M, Loeffler F E,
Modell B M. Direct gene analysis of chorionic villi: a possible
technique for first trimester antenatal diagnosis of haemo-
globinopathies. Lancet 1981; if: 1125-7.

7 Bell G I, Karam J H, Rutter W J. Polymorphic DNA region
adjacent to the S'end of the human insulin gene. Proc NadAcad
Sci USA 1981; 78: 5759-63.

8 Southern E M. Detection of specific sequences among DNA
fragments separated by gel electrophoresis. JMol Biol 1975; 98:
503-17.

9 PersicoM G, Toniolo D, Nobile C, D'Urso M, Luzatto L. cDNA
sequences of human glucose 6-phosphate dehydrogenase cloned
in pBR322. Nature 1981; 294: 778-80.

10 Jolly D J, Esty A, Friedmann T. The cloned human
hypoxanthine-guanine phosphoribosyltransferase gene. J Clin
Chem Clin Biochem 1982; 20: 380.

11 Su T S, Bock H O, O'BrienW E, BeaudetA L. Cloning ofcDNA
for argininosuccinate synthetase mRNA and study of enzyme
overproduction in a human cell line. J Biol Chem 1981; 256:
11826-31.

Note
Familial Mediterranean Fever
The 1st International Symposium on Familial Mediterra-
nean Fever (FMF) in conjunction with the 7th Convention
of Istanbul Faculty of Medicine will be held on 28-29 Sep-
tember, 1983 at Istanbul Sheraton Hotel. The fee is 20 US
dollars. Details from the secretary of the symposium: Assis-
tant Professor Dr Meral Konige, Istanbul Faculty of
Medicine, Department of Internal Medicine, Division of
Rheumatology, papa, Topkapi, Istanbul, Turkey.

Correction
In the article entitled 'Chronic arthritis associated with the
presence of intrasynovial rubella virus' by R. Grahame,
R. Armstrong, N. Simmons, J. M. A. Wilton, M. Dyson,
R. Laurent, R. Millis, and C. A. Mims, February 1983, pp.
2-13, the 2 radiographs in Fig. 2, p. 3, were printed in the
reverse order. The radiograph on the right should be on the
left and the one on the left should be on the right. We
apologise for this error.
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