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A specific mutation for Huntington's disease
Although only six months have passed since
the isolation of the gene for Huntington's
disease (HD) and the recognition of the muta-
tion involved, there has already been an explo-
sion of work on this subject, much of which is
reported in the series of papers in this issue of
Journal of Medical Genetics. As the title of this
review implies, most of the work relates to the
properties of the HD mutation rather than to
the nature and function of the gene itself.
The original HD Collaborative Research

Group report' gave details of the size of the
gene, termed IT15, which has a cDNA of
10 366 bases, and of the predicted protein
(provisionally named huntingtin), estimated
to contain 3144 amino acids with a molecular
weight of 348 kDa. The amino acid sequence
has shown no similarities with any known
protein and there is no clear indication of its
likely structure and function. Little further
information has as yet emerged, either in pub-
lications or in presentations at the recent inter-
national workshop on HD.2 The gene contains
67 exons and shows universal expression in
different body tissues, including neurones and
glial cells, with no obvious differences in dif-
ferent regions of the brain. Thus the full
impact of the discovery on our understanding
of the neurobiology and pathology of the dis-
ease still lies in the future, though rapid pro-
gress can be anticipated.
By contrast, our understanding of the HD

mutation and its relationship to the genetics
and phenotype of the disorder has increased
dramatically, in a manner comparable to that
seen in myotonic dystrophy and fragile X
mental retardation, also the result of trinucleo-
tide repeat expansions, and each the subject of
collections of papers in this journal one and
two years ago respectively,34 soon after the
mutations were identified. In the case of HD,
published and presented data on over 2000
HD chromosomes are now available (as well as
on over 4000 normal chromosomes) and some
broad conclusions are already possible; these
are discussed fully in the subsequent papers
and are summarised here.

First, the universal nature of the HD muta-
tion deserves emphasis. In the initial paper, in
three large series recently published together5-7
and in the series reported here, almost all HD
patients studied, of widely differing origins,
have shown the CAG expansion in the IT15
gene, as have most apparently isolated cases of
HD.89 The small proportion not showing an
abnormality have mostly proved to be mis-
diagnoses, or at least atypical,810 a situation

closely comparable to that found in myotonic
dystrophy"; in neither disease has a patient
with a clearly defined different molecular basis
yet been reported, though it is possible that
such persons exist.
The initial finding of an inverse correlation

between CAG repeat size and age at onset of
HD has been conclusively confirmed by subse-
quent reports, both those already published5-7
and by the reports from The Netherlands,"
Scotland,'2 and England'3 in this issue. The
different studies agree in finding the largest
expansions and strongest age at onset correla-
tion in the rare juvenile cases. By comparison
with congenital myotonic dystrophy the
expansions in this group are less extreme,
rarely exceeding 100 repeats in juvenile HD,
but it is interesting that both disorders show a
strong parent of origin effect, juvenile HD
cases being mostly paternal in origin, while
cases of congenital myotonic dystrophy are
almost exclusively maternal. Outside these
extreme groups, the age at onset correlation
persists, and is indeed seen in the series of 133
HD patients with onset after 50 years reported
here.'4 However, the range of onset for any
given result appears to be too great to allow
any specific conclusions in subjects seen for
presymptomatic testing,' though the finding of
a small expansion in a relative at risk may
suggest that a later onset is most likely.'3

Somatic instability of the mutation has been
a striking feature of the trinucleotide repeat
mutations in both fragile X'5 and myotonic
dystrophy,'6" 7but data reported here'8 show
that this is not a major feature in HD, with
close correspondence between the findings in
blood and brain, and with no change in time
between stored lymphoblasts and fresh blood.
Similarly, identical twin pairs show similar
repeat lengths,'8 suggesting that most instab-
ility is prezygotic in origin. Two generation
data are less frequent in HD than for the other
disorders' 7 but confirm the previous observa-
tion of anticipation, especially in the male
line,'9 though the repeat sequence may de-
crease in size as well as expand.5 The import-
ant data on sperm given here'8 not only con-
firm the prezygotic instability of the HD
mutation, with a wide spread of repeat size
contrasting with the constancy in somatic tis-
sue; the results also show a larger average
repeat size for sperm than for blood of the
same subject, providing a valid basis for the
anticipation.

Study of neurological diseases allied to HD
has not shown presence of the HD mutation,
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apart from the single unusual family reported
here20 that was previously reported as benign
hereditary chorea.2' This should reassure clini-
cians that the generally accepted clinical and
genetic classifications of HD and other neuro-
degenerative disorders are relatively robust,
despite the difficulties in making a definitive
diagnosis in some individual cases.
These rapid advances are understandably

creating intense pressure for the clinical appli-
cation of mutation testing in presymptomatic
testing and in diagnosis; some of the difficult
issues involved are discussed in this issue.22 It
is likely that for presymptomatic testing, mu-
tation analysis will rapidly supersede the use of
linked markers, but it should be recognised
that mutation testing is not without its own
problems and potential errors.23 Several short
reports on different and possibly improved
approaches to analysis have already
appeared'4 -; one particularly important find-
ing is that a CCG repeat sequence exists that is
included in the original HD mutation assay
and which shows variation in the normal
population, though with a specific allele associ-
ated with HD.27 This variation could cause
misinterpretation of a result at the borderline
between the normal (10 to 35 repeats) and HD
(over 36 repeats) ranges. It should be noted
that one of the studies reported here'0 has used
a method that excludes this repeat and thus
gives results around three repeats fewer than
all other studies reported so far. Errors from
sample misidentification2829 will remain as lik-
ely in mutation testing as with linked markers
and may be more likely to give a definitively
erroneous result,'3 so the use of duplicate
samples remains wise.
There is general agreement among all

involved in HD presymptomatic testing that
the full counselling and support protocols that
have been evolved for testing with linked
markers should not be abandoned or curtailed
simply because laboratory aspects have
become simpler. The previously published
guidelines for predictive testing303' are being
revised but remain as important as ever. This
issue contains two collaborative reports on
testing by linked markers that show both the
extent of testing across the world32 (over 1500
tests completed up to 1992) and also the com-
plex ethical and social problems that arise even
in the most carefully conducted series.33 Dis-
cussions at the recent World Federation of
Neurology HD research group workshop and
the associated meeting of the lay societies (In-
ternational Huntington Association) showed
that this was a topic of extreme concern, which
will be closely monitored by consumers as well
as by professionals. Those clinicians and
laboratories who depart from the professio-
nally accepted guidelines are likely to be put-
ting themselves as well as their clients at risk.
Mutation testing will inevitably produce

new dilemmas as well as simplifying presymp-
tomatic prediction. The problem of the person
at 25% prior risk requesting testing, where the
healthy but at risk intervening parent could be
shown to have the HD gene even if they were
not to wish for testing themselves, is a particu-

larly difficult situation, one that may still occur
with the fullest counselling, but probably
resolvable in most circumstances.

Finally, diagnostic use ofHD mutation test-
ing seems likely, given the specificity and
sensitivity of the abnormality, to become part
of regular neurological practice. This again
will not be without its pitfalls, and will demand
considerably more thought and explanation to
those being tested than is usually the case in
diagnostic medicine. Testing for HIV status is
a not dissimilar situation where testing without
full information is generally agreed to be
unjustified. Not only will the patient (or if
mentally impaired a close relative) need to be
told the potential genetic implications of the
test, but great care will be needed to avoid
testing when an HD family member shows
vague or atypical symptoms, since these could
well be unrelated to HD even if the mutation
were shown to be present, and the test would
actually represent prediction not diagnosis.
The series of original papers, commentaries,

and conference reports in this issue of J7ournal
of Medical Genetics reflects the rapid progress
and intense activity that currently characterise
the field of Huntington's disease. The com-
bination of excitement at the rapid progress
being made, caution and concern that applica-
tions should be responsible and performed to
the highest standards, together with longer
term possibilities for understanding and ther-
apy, have made 1993 a unique year for all those
working on this devastating disorder.
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