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Monoclonal antibodies: production and use

Once or twice in each generation a discovery or innovation
excites interest across the whole range of medical science, and
monoclonal antibodies come into this class. The theoretical
basis for their development came from Burnet's theory' of
clonal selection, which predicted that one plasma cell would
produce only one immunoglobulin. Studies of myeloma
proteins from patients and from animals with various lympho-
proliferative disorders affecting B cells have shown that these
paraproteins are monoclonal-they are, indeed, derived from
a single cell. But while these research studies advanced our
understanding of immunoglobulins2 their limitation was that
the antigens concerned usually remained unknown.
The concept of monoclonal antibodies took on its current

dimensions with the work of Milstein and his colleagues3 at
the Medical Research Council laboratory of molecular biology
in Cambridge. They showed how to produce immortal hybrid
myelomas (hybridomas) that secrete monoclonal immuno-
globulin molecules of known antibody activity-that is,
immunoglobulin molecules that are raised to a specific
antigen.

Hybridomas are formed by fusing together two different
cells in such a way that the hybrid cell that results survives
whereas the non-fused parent cell populations do not.
Lines of myeloma cells, some secreting immunoglobulins and
others not, have been established in long-term culture for
several species,4-6 including man. By fusing such cells, using
inactivated Sendai virus or polyethylene glycol,' with another
population (traditionally spleen cells from an immunised
mouse) it has proved possible to produce immunoglobulin-
secreting hybrids of which as many as 101O may secrete a
specific antibody. The non-myeloma parent cells that do not
fuse die naturally in culture, but the same is not true of the
non-fused parent myeloma cells. These have to be eliminated
by growth of the mixed culture in a selective medium con-
taining hypoxanthine, aminopterin, and thymidine.8 A
selective enzyme deficiency can be induced in the myeloma
line so that, when the cells are grown in hypoxanthine,
aminopterin, and thymidine, they cannot use hypoxanthine,
and, since the only other route to nucleotide synthesis is
blocked by aminopterin, they die. The hybridoma survives
because of the ability conferred by the immune cell genome to
use hypoxanthine in nucleotide synthesis.
The most critical step in the procedure is screening of

hybridoma culture supernatants for production of the specific
monoclonal antibody desired. A reliable, rapid assay capable
of handling a large number of samples has been provided by

solid-phase radioimmunoassays and, more recently, by
automated enzyme-linked immunoassays.9 The next problem
is the risk of overgrowth of the desired hybrids by non-
producing variants so that as soon as positive hybrids are
detected by the screening assay the cells are cloned. Limiting
dilution10 or use of soft agar11 allows the hybrids to grow at
such low densities that any growth that occurs subsequently
may be assumed to emanate from a single clone. Adding
feeder cells such as thymocytes greatly improves the efficiency
of cloning, though the function of such cells remains uncertain.
After successful cloning the hybridoma cells may be grown
up in cultures or in vivo in histocompatible or immune
suppressed animals, so vastly increasing the amounts of
monoclonal antibody produced.12 Affinity chromatography on
protein-A sepharose has provided a useful means for purifying
the monoclonal antibodies obtained13: characterisation of the
antibody by isoelectric focusing14 and gel electrophoresis15
can then confirm its homogeneity or monoclonal origin.
The selection and maintenance of hybridomas that secrete

antibodies of the required specificity is so time-consuming
that questions will inevitably be asked about their advantages
over antibodies raised conventionally by immunising animals.
The major gains are the homogeneity and specificity of
monoclonal antibodies, their ability to maintain these
characteristics, and the potential for large-scale production.
Paradoxically, monoclonal antibodies may be too specific for
some uses, and mixtures of monoclonal antibodies may be
necessary, but at least in these circumstances the mixtures will
be well defined and characterised.

Monoclonal antibodies are expected to prove useful in
three major aspects: the isolation and purification of rare
antibodies and antigens, diagnosis, and treatment. Their use
in the purification of interferon by Secher and Burke provided
a most elegant demonstration of the first application.'6 Having
immunised mice with crude interferon, they established a
hybridoma clone secreting an anti-interferon antibody, which
when attached to beads in an immunoabsorbent column
allowed the purification of interferon from a cruder preparation
of the substance subsequently passed over the column. The
conventionally prepared antibodies currently used in routine
diagnostic test systems are plagued by inadequate reactivity,
poor specificity, and batch variation-all defects which should
not occur with monoclonal antibodies. Monoclonal antibodies
to the blood group and human leucocyte antigens will improve
cross-matching and tissue-typing facilities. Monoclonal
antibodies to specific cell surface antigens of both normal'7
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and abnormal18 (carcinomatous) cells and to the antigens of
infectious agents will allow improved identification, separation,
and classification of cells and provide means for diagnosis in
disease states. Such antibodies tagged radioisotopically, by
fluorescent dye or by the immunoperoxidase technique,
could be used in vivo to localise inflammatory or neoplastic
lesions.' "

Monoclonal antibodies may even prove useful in some
treatment regimens requiring passive immunisation. Whether
or not monoclonal antibodies in isolation will have a use in
treating infections remains uncertain, though encouraging
results have been achieved in malaria.2 The ability to raise
monoclonal autoantibodies to relatively crude antigen prepara-
tions from patients with autoimmune diseases should not only
provide a means for subsequent purification and characterisa-
tion of the antigens concerned but will improve assay systems
for the detection of such diseases. Possibly the establishment
of antibodies to these antibodies (anti-idiotypic antibodies)
may provide a selective means for controlling such diseases by
manipulation of the aberrant autoimmune response.2' The
most exciting therapeutic potential of these agents, however,
is in cancer. Toxic agents such as ricin or diphtheria toxin
may be coupled to monoclonal antibodies raised to specific
tumour cell markers and so provide a means for the toxin
selectively to home-in on the tumour and kill it.22
The potential applications for monoclonal antibodies in the

purification of substances in diagnosis and treatment seem
limitless. Their production, however, is not without problems,
and many questions still have to be answered. These include
the cost of production; technological difficulties in extraction,
purification, and concentration; overspecificity; the remaining
uncertainty about how immortal the hybridomas producing
these antibodies really are; and, finally, the ethical questions
that will need answering when the products of human
hybridomas are ready for clinical use. All these problems are
attracting attention as technological development progresses
towards maturity, but in no way do they diminish the
phenomenal importance and potential of the work of Milstein
and his colleagues3 or lessen the likely rewards still to come.
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Therapeutic embolisation
The development of techniques for inserting a catheter
percutaneously and manoeuvring it into almost any artery with
safety and confidence is one of the major advances in medicine.
At first the main aim was to obtain better angiograms, but now
arterial catheterisation has acquired increasing therapeutic
value. In addition to allowing regional infusions of drugs and
mechanical dilatation of stenoses in arteries, catheters may now
be the route by which the radiologist deliberately introduces
emboli into vessels feeding tumours, vascular abnormalities, or
sites of bleeding.
The principle of embolisation is not new. In 1904 Dawbarn

injected paraffin and Vaseline into the arterial supply oftumours'
and "so deprived them of blood as to permit after a short
time an extirpation of the tumours not otherwise possible."
The burgeoning specialty of "interventional radiology" is,
however, a product of the last 15 years. The agents now
introduced as emboli include autologous clot, Gelfoam,
muscle, Silastic balls, silicone balloons, steel coils, and cyano-
acrylic glue. Some produce permanent occlusions, some
temporary. There is, however, no agreement about which
agent is the best for each indication.2

Ease of access and straightforward vascular anatomy have
made the kidney the most common target for the doctor
practising embolisation. The vascularity of hypernephromas3
and Wilms's tumours4 may be reduced before surgery, and pain
and haematuria from inoperable growths may be alleviated.5
Bleeding after biopsy or blunt trauma to the kidney may be
effectively controlled, often without loss of the whole of the
kidney.6 The technique has also been used to "switch off"
the kidneys of hypertensive patients already having
haemodialysis.7 Last week at p 1086 May reported the use
of embolisation to avoid nephrectomy after ureteric trauma.
Elsewhere in the urinary system embolisation has proved
effective in the control of haematuria from unresectable cancer
of the bladder,8 and it may even be a rational as well as effective
treatment for priapism. !)

Patients with liver tumours, both primary and secondary,
have been given useful palliation with embolisation. Pereiras et
all' were able to relieve pain in 807w of hepatic tumours, but
survival time was not altered. Allison has reported dramatic
improvement after embolisation of metastatic endocrine
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