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Leading article

Molecular biology of neurological diseases

W.J.K. Cumming

Withington Hospital, West Didsbury, Manchester M20 8LR, UK

Picture the scene. Neurologist on the telephone to a
Departmental Librarian on a Friday morning.
Neurologist: 'Has this week's Nature arrived?'
Librarian: 'Nature. I thought you said it was the
Department of Neurology!'
The last 5 years have seen a major transformation
in neurology, particularly in the understanding of
those disorders where inheritance is either auto-
somal dominant, recessive or X-linked. Collabora-
tion between Departments of Molecular Genetics
and Neurology has developed to a point where
gene markers for many ofthese disorders have now
been identified.
Although inherited neurological diseases are by

no means the commonest conditions seen in the
average neurology clinic, the unravelling of the
aetio-pathogenesis using the techniques of mole-
cular biology"2 has been scientifically intriguing
and exciting in its own right but also is offering
clues to the basic mechanisms underlying neuro-
logical3 and in particular neuromuscular dis-
orders.4
As is usually the case, any sort of information

explosion spawns its own literature and ter-
minology which is often sufficient to frighten off
even the most dedicated academic neurologist.
Because the work is carried out in the field of basic
science, information frequently appears as letters
to Nature or Science and therefore to have any
hope of keeping up to date, neurologists now have
to have access to journals which they probably
thought they would last consult when they were
working for their M.D.!
The steps involved are however quite simple, and

are: (a) chromosome localization and linkage; (b)
fine mapping; (c) identification ofgene mutation(s);
(d) function of the gene and (e) rational therapy.
For the majority of neurological disorders, studies
are currently at phases (a) or (b); a few are getting
towards (c); one is at (d) and potentially one is

getting towards (e). Clearly localization of the
abnormal chromosome is easy in the X-linked
disorders (e.g. Duchenne/Becker disease); how-
ever, where does one start to look for the
chromosome involved in, for example, myotonic
dystrophy?
Throughout the genome, there are well recog-

nized fragments of DNA whose chromosome
localization is precisely known (e.g. Duffy blood
group, chromosome 1 and MHC on chromosome
6). Various other markers have been identified in
the autosomes (about 700 to date) and the first step
in analysis is to look for linkage between the known
chromosome markers and the family in whom the
disease has been inherited.5 Such linkage is said to
be found when the LOD score (LOD being the
logarithm of the probability ratio of the known
marker co-segregating with the putative disease
marker) is greater than 3 (or odds of 1000:1).
Once the chromosome has been localized either

to its short (p) or long (q) arm then fine analysis of
the DNA in these segments can be undertaken.
Restriction fragment length polymorphisms
(RFLPs) are short segments in DNA which can be
produced by cleaving DNA at known sites (by
restriction endonucleasis). These fragments of
DNA move in the same relation to each other in
chromosome exchange and therefore linkage again
is carried out at a single chromosome level and the
chromosome is therefore 'walked' between known
marker points in the hope of finding a marker
which is tightly linked to the inheritance within the
family (cf. the linkage of myotonic dystrophy on
chromosome 19 to the site p13-15, that is in
relation to the gene for creatine kinase MM).6'7

This technique of linkage analysis with RFLPs
leads to the development of flanked markers, that
is, identified markers on either side ofthe abnormal
gene, further narrowing the area which has to be
screened to identify the actual abnormality of the
gene itself. It is to this level that the majority of
neurological disorders has now progressed. For
example Charcot Marie Tooth disease (hereditary
motor sensory neuropathy), is identified with
markers on two chromosomes, 1 (HMSN lb) and
17 (HMSN la).89 Neurofibromatosis (type 1;
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generalized) is linked to chromosome 17.10 The
location of type 2 (acoustic neuroma and menin-
gioma) is not yet known." At present there is a
great research push to identify the gene products in
these disorders, since in particular in von Reckling-
hausen's disease, the disorder is known to be
somewhere close to the gene related in nerve
growth factor (NGF) which obviously has major
implications well outside the restricted field of von
Recklinghausen's disease itself.'2"13
Although these disorders are all at the rarer end

of the spectrum of neurological conditions, in the
fields of dementia and neuromuscular diseases, the
developments in molecular biology and genetics
are throwing up potentially fundamental changes
in our understanding of the disorders. Hunting-
ton's disease was the first inherited neurological
disorder to be located to a chromosome (4p),'4 but
despite something like 8 years ofintense research, it
has been impossible to identify a flanking marker
and attempts at identifying the gene product have
to date been unfruitful.'5
However, in the field of Alzheimer's disease,'6-2'

the fact of inheritance has been known for many
years and in very elegantly designed collaborative
studies between departments of neurology and
genetics, large pedigrees with inherited Alzheimer's
disease have been identified. The chromosome
localization is on 21 and fine analysis shows that
the gene in these families is closely allied to the
chromosome site for amyloid precursor protein,22
which has been considered, from the view point of
neuropathology, to be one of the pivotal factors in
the development of the classical pathological
changes in Alzheimer's disease.
Motor neurone disease (amyotrophic lateral

sclerosis, ALS) exists in a familial form and by
using the techniques as described above, the
chromosome location for familial MND has been
identified (21)23 and this raises the very exciting
possibility of eventually being able to understand
the fundamental pathogenesis of the condition
even in the common situation of the sporadic case.

In the field of neuromuscular disease, Duchenne
and Becker muscular dystrophy, considered collec-
tively, are the commonest childhood neuromus-
cular disorders and here the major impact of
molecular biology is best seen.2425 Clearly resear-
chers were at an advantage knowing that the
disease had to be on the X-chromosome and
through the mid-80s various flanking markers were
identified which greatly enhanced our ability to
identify carriers of the condition. In 1987 Kuncle
and his colleagues26 identified what they considered
to be a candidate gene using the technique of
chromosome walking with multiple RFLPs. The
area of the gene they identified was considerable,
containing about 2 million base pairs ofDNA, and
eventually it was shown that the abnormal gene

was present in something between 60% and 75% of
all boys affected by Duchenne/Becker dystrophy27
and the long debate as to whether Duchenne and
Becker were in fact allelic, was at long last
resolved.28 Using amplification techniques (PCR-
polymerase chain reaction29'30) it became possible
to find deletions in 98% of cases,31'32 the DNA
being obtained in some instances by using old
Guthrie spots.33 The area of the missing gene in the
affected boys was identified in the normal and the
protein produced by that segment of DNA was
identified and has been called dystrophin.34'35 It was
then appreciated that the gene which in the normal
codes for dystrophin is made up of 70 exons
(segments ofDNA which are eventually translated
into proteins or enzymes) with large numbers of
introns (areas of the gene which have at present no
known function and are thought to be junk
DNA!).3637 It rapidly became recognized that the
deletions in the exons were commonly associated
with Duchenne/Becker dystrophy38 which by this
stage had become known as the Xp2l myopa-
thies.39 40

The implications of the advance to that level
were major from the point of view of genetic
testing4' and it opened up the ability to look at fetal
tissue at 9 weeks by chorionic villous sampling,42-44
and to identify whether a male fetus was carrying
the abnormal gene. Subsequently it became possi-
ble to look for the gene product on routine muscle
biopsy samples where dystrophin is completely
missing from muscle membrane in Duchenne dyst-
rophy and shows variable expression in Becker
dystrophy.454' The next phase was to explain the
clinical differences between the severe form of the
disease, Duchenne (where death occurs by the early
20s) compared to the milder form of the disease,
Becker (where patients can be wheelchair confined
from mid-teens or be ambulant by the age of 50,4748
or even present only with muscle pain on exer-
tion).49 It has been shown that if exons are deleted
in such a pattern that the ability to read along the
gene from the 3 prime end was uninterrupted, then
an abnormal or truncated form of dystrophin was
produced leading to the milder form of the disease
whereas ifthe deletion occurred in such an area that
the ability to read sequentially along the gene was
destroyed, then no dystrophin was produced and
the severe form of the disease developed clini-
cally.50'5'

It rapidly became apparent that disorders which
appeared either phenotypically52-54 or pathologi-
cally55'56 to be distinct from Becker disease were in
fact related to a deletion at the Xp2l site and
therefore we are now in the situation where any
isolated male who presents with a neuromuscular
complaint must be considered to be at risk of
having an Xp2l myopathy (dystrophinopathy)
until proven otherwise.
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We are just starting to move into the field of
effective therapy in Duchenne. It has been shown
that myoblast transfer57-6' (the introduction of
normal myoblast from a donor into the affected
muscle) will produce within the muscle the missing
protein (dystrophin). More recently it has been
shown62 in the animal model that by using con-
structs ofthe gene these can be injected via a vector
directly into the muscle and this will be incor-
porated into the abnormal membrane.63 This opens
up the amazing prospect of potential therapy of
what used to be one of the most feared diseases in
medicine.

In addition to the work which has been carried
out on the nuclear DNA, disorders associated with
mitochrondrial DNA have now been
identified,467 where abnormalities in the mater-
nally inherited mitochondrial DNA have been
shown to occur in Leber's hereditary optic
atrophy' and in many forms of chronic pro-
gressive external ophthalmoplegia69-76 (CPEO/

Kearns-Sayers syndrome) and substitutions or
translocations within the mitochondrial gene have
been associated with MELAS77-79 (mitochondrial
myopathy with lactic acidosis and stroke-like
episodes) and MERRF80'8 (myoclonic epilepsy
with ragged red fibres).
The possibility that this explosion of knowledge

will spill over into more common disorders is raised
by the finding of gene markers in some forms of
epilepsy (uvenile myoclonic82 and in the mouse),30
and the prospect that there may be susceptible
gene(s) in multiple sclerosis.83 The rate of increas-
ing information in these fields is exponential and
unfortunately, because of this, many physicians are
going to be 'left behind' because of the apparent
impenetrability ofthe language used. However, the
basic principles are simple and the physician should
not be deterred from a close involvement with the
field because of its apparent 'high tech' scientific
connotations.
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