
lead to a definite diagnosis, especially in older patients in
whom abnormalities found on magnetic resonance imaging
may be difficult to interpret.

Facilities for magnetic resonance imaging are still scarce in
Britain, and their diagnostic use should be reserved for cases
of difficulty. They are particularly useful in patients with a
history of multiple episodes of neurological disturbance and
signs relevant to only one lesion, in patients with progressive
spastic paraplegia in whom there is a need to exclude
congential abnormalities and tumours of the foramen
magnum, and in those with progressive ataxia in whom
cerebellar atrophy without periventricular and discrete
abnormalities of the white matter virtually excludes multiple
sclerosis.6

Finally, there are the questions of when to investigate and
what the patient should be told. My guiding principle is to
recommend investigation when it is clear to the patient that
there is something that needs explanation. So far as the
syndromes attributable to a single lesion are concerned, as a
definite diagnosis of multiple sclerosis is not at present
possible in these cases I usually do not investigate unless there
are atypical features or until new symptoms have developed.
Some patients, however, are more comfortable with greater
knowledge, and it is a matter for judgment as to when they
should be investigated.
When to tell the patient the diagnosis is controversial. My

policy is to do so without delay when the diagnosis becomes
definite, except in the small group of patients who genuinely
do not wish to know: careful assessment of the patient's
personality and circumstances is a necessary preliminary to
reaching such a decision. Some patients in the less definite
categories, too, may be helped by discussion of the possi-
bilities. An early follow up appointment should be arranged
for frank and full discussion of the questions that arise as the
implications of the diagnosis sink in.

W I McDONALD

Professor of Clinical Neurology,
Institute of Neurology,
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Molecular genetics of colorectal carcinoma

Rapid development in working out the steps ofcarcinogenesis

It is generally accepted that cancer arises because of changes
in the genetic material of cells and that many steps must occur
before a patient develops cancer.' Analysis of age-incidence
curves for various cancers suggests that as many as half a
dozen steps may be necessary, and this idea is largely
supported by experimental data.2 3 Such steps probably range
from point mutations to gross chromosomal rearrangements,
although epigenetic mechanisms may also have an important
role.4 5 These genetic steps have not yet been worked out fully
for any tumour, but understanding of the molecular genetics
of colorectal carcinoma is currently developing at a rapid pace
and causing great excitement.

It was in 1982 that ras oncogenes were shown to be activated
in carcinomas and, subsequently, in a high proportion of both
adenomas and carcinomas ofthe colorectum."7 Since mutation
of the ras oncogene occurs in premalignant adenomas in
sporadic and hereditary89 cases of colorectal carcinoma and
has also been reported in "normal" mucosa'° the mutation is
probably an early event. How the product of the gene
contributes to carcinogenesis is not yet clear, but it probably

acts as a second messenger, passing on messages from external
signals- for instance, from growth factors." It seems that
once the gene is mutated it remains overactive and may
in addition have a destabilising effect on the genome.
Importantly, the mutations in ras oncogenes that are seen in
colorectll carcinoma may be induced by various mutagens in
experimental tumours-thus fulfillng some of a sort of
oncological Koch's postulates.3"
More recently it has become clear that recessive genetic

changes may be just as important as activation of dominantly
acting oncogenes in carcinogenesis. Thus the inheritance of a
heterozygous defect in a tumour suppressor gene (or anti-
oncogene) may represent a predisposition to cancer. 2 Loss or
mutation of the remaining allele might then represent a
further step towards cancer. This seems to be what happens in
retinoblastoma, the crucial gene for which on chromosome
13, has now been cloned and sequenced.'3
The genetic locus associated with familial adenomatous

polyposis or familial polyposis coli has also now been identified
-on chromosome 5. " 15 This was achieved by linkage with
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anonymous DNA markers close to the site of a chromosomal
deletion that was evident cytogenetically in a case of familial
polyposis coli. Recessive changes at this locus also seem to be
important in a high proportion of cases of sporadic colorectal
carcinoma.'6 It is not yet clear whether a single change at this
locus (without a second recessive change) may in itself
constitute one step in carcinogenesis as some data on cancers
arising in familial polyposis coli suggest,9 although recessive
changes have been reported in a few cases."11 What the gene
product does is again unclear, but the hyperproliferative state
of the colonic mucosa in patients with familial polyposis coli
suggests some defect in the mechanisms regulating growth.
Identifying such recessive changes at the cellular level
explains the apparent paradox of a cancer susceptibility that is
dominantly inherited.

Cytogenetic and molecular analyses have also identified
allele losses that occur commonly at other genetic loci,
particularly on chromosomes 17 and 18 but also less commonly
on other chromosomes.19-23 It is not yet clear whether these
losses are primary or secondary events in carcinogenesis.
Several laboratories are now trying to clone and characterise
the various genes affected. A report published recently has
shown that the gene on chromosome 17 encodes the p53
nuclear oncoprotein: this product was initially identified
because of its interaction with an oncogenic simian virus
antigen.24 Until recently the p53 gene was thought to be a
classical dominantly acting oncogene, but now it has emerged
that much of the evidence on the p53 gene was based on the
inadvertent experimental use of a mutated clone that has an
oncogenic effect. The wild type gene, however, clearly has a
suppressor effect.25 26
Whether the loss of the normal p53 gene product is

oncogenic in a simple recessive fashion is not yet clear. The
analysis is complicated by the fact that the mutant p53
molecule may inactivate the normal one and may itself have a
direct oncogenic effect. Thus one way in which the mutant
p53 gene may act is in a "dominant negative" fashion. As with
some dominantly acting oncogenes, however, there may be a
dosage effect, and the effect of mutated genes may be
overcome by expression of normal genes.2526 Experimental
work has in addition already shown that cell growth may be
inhibited in vitro by antibodies or antisense gene constructs
to ras or p53 oncogenes, and it may be that expression of the
normal p53 gene blocks the growth of some malignant
cell lines. Such studies are obviously of some therapeutic
interest. 11 26
The genesis of colorectal carcinoma needs much further

investigation, but already two genes and the location of
another two genes that are important in the process have been
identified, and their actions are being clarified. So far none of
the genetic events identified seem to be obviously comple-
mentary or mutually exclusive, but interconnections should
eventually become apparent. The mutation of the ras gene
seems to be an early event, with the recessive changes on
chromosomes 5 and 18 apparently occurring later-possibly
at the transition from adenoma to carcinoma, with the
recessive changes on chromosome 17 restricted to cancers.27 It
thus seems that multiple routes may lead to the same
malignant outcome, as suggested previously. 2 In addition to
these underlying genetic events various other abnormalities of
gene expression related to the malignant phenotype have been
described,2833 including some related to tumour invasion," 35
possible evasion of an immune response,36 progression,8738
and metastasis.39" The study of such genetic changes has not
yet produced information of clear diagnostic or prognostic
usefulness, although this should be happening soon.
The epidemiological implications of the discoveries of

molecular genetics are considerable: certain mutations have

already been linked with certain carcinogens, raising the
possibility of testing potential environmental carcinogens
present, for example, in the diet. Such techniques may be
used to identify (even prenatally) those at particular risk of
developing colorectal carcinoma, especially those with familial
syndromes, and this may permit lifestyle counselling for those
affected. Finally, identification of specific genetic abnor-
malities in patients with colorectal carcinoma, particularly
abnormalities that result in mutated products, may provide a
target for treatment and even, conceivably, immunisation.

IAN B KERR
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