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and required a larger number of blood transfusions. Another
similar trial is under way in the Netherlands and its results
are eagerly awaited.
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Increase in DNA nucleotide repeats-a novel
mechanism for genetic disorders

Doyu M, Sobue G, Mukai E, Kachi T, Yasuda T, Mitsuma T,
Takahashi A. (Division of Neurology, Fourth Department of
Internal Medicine, Aichi Medical University, Nagakute,
Aichi; Department of Neurology, Nagoya University School
of Medicine and National Nagoya Hospital, Nagoya;
National Chubu Hospital, Obu; Nagoya Daini Red Cross
Hospital, Nagoya, Japan.) Severity of X-linked recessive
bulbospinal neuronopathy correlates with size of the tandem
CAG repeats in androgen receptor gene. Ann Neural
1992;32:707-10.

SUMMARY
Bulbospinal neuronopathy (X-BSNP) is an adult form of
hereditary motor neuronopathy. This disease is apparently due
to mutation at the androgen receptor (AR) gene which shows an
increased number of CAG repeats in the coding region for this
gene. There is a considerable variation in the onset and severity
of the symptoms and signs. The authors studied 26 cases in 21
Japanese families. They found that the number of CAG repeats
correlated significantly with the age at onset of muscular weak-
ness (r=0.596. p<O.OOI) and age-adjusted disability (r=0.446,
p<O.03), suggesting that the number of repeats is a determining
factor in disease severity and the age at onset.

COMMENT
Normal persons have 17 to 24 CAG repeats at the AR gene'
and X-BSNP patients had 40 to 55. The onset of disease was
from 25 to 70 years. The patient whose age at onset was 70,
was still walking at 83 and had only 40 CAG repeats
compared to the patient with 55 repeats, whose age at onset
was 25 and was walking with difficulty at 3l. The most
severely affected person who had 50 repeats was wheelchair
bound at 48. How this affection occurs is yet unclear but it
is known that spinal and bulbar neurons have ARs.

This disease now becomes the third neurological disorder
caused by this novel genetic mechanism. Myotonic dystrophy
has been localized to an abnormal gene at 19q 13.3 and the
mutation apparently results from an increased number of
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CTG repeats.? Normal persons have only 5 repeats and
patients with myotonic dystrophy have at least 52 repeats and
this number may go up to 1000; the more the repeats the
more severe is the phenotype. Moreover, the region shows
meiotic instability so that the number of repeats can increase
from one generation to the next. This can be an explanation
for anticipation-the disease appearing earlier in each
subsequent generation.

Until recently, the idea of anticipation was considered to
be an artefact, the belief being that a particular disease is
diagnosed earlier in each generation because parents know
what to look for. In X-BSNP anticipation may be explained
by changes in DNA. The occurrence of repeats will eliminate
the use of electromyography and slit-lamp studies to
diagnose the mild forms and the number of repeats will
give an idea of prognosis. The neonatal form of myotonia
dystrophica seen only in children of affected mothers is
still not understood. The fragile X syndrome is the most
common inherited form of mental retardation affecting
I: 1000 males and 1:2000 females. The disorder shows a con-
striction on the long arm of the X chromosome (Xq 27.3).
There is no other phenotypic feature except perhaps macro-
orchidism and some facial dysmorphism. The fragile X
abnormality is not easy to detect and is seen only in 80% of
cases with the gene. Recently it was demonstrated that the
gene for fragile X (FMR-1) has an increased number of CGG
repeats." Restriction fragment studies suggest that the
number of repeats increases the chromosome length by 0.5
to greater than 3 K (more than 500 nucleotides). This
becomes a simple method for diagnosing fragile X and will
become important in studies of unexplained mental retarda-
tion. Interestingly, there are some cases with only 100 to
500 nucleotide repeats and these may represent a pre-
mutation. In a female who carries the pre-mutational state
the number of repeats can increase during meiosis to reach
the full-blown clinical picture by an exchange of repeats with
the other X. This cannot occur in affected males as a second
X is required. A fourth disorder, Charcot-Marie- Tooth
disease (the neuropathic demyelinating form), has a large
extra DNA duplication but this is not the same as extra
nucleotide repeats. The latter becomes a new molecular
mechanism for genetic disease. So far all these diseases have
been neurological disorders. Two other diseases have now
been shown to be due to an increased number of nucleotide
repeats. These are Huntington's disease with repeats noted
on chromosome 4 and one variety of spastic cerebellar
ataxia, now called SCA 1, with repeats detected on chromo-
some 6. We will be hearing more about this mechanism in
other diseases in the future.
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