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Abstract
Myotonic dystrophy (DM) was the first of
a group of diseases to be identified for
which the genetic basis is the expansion of
a triplet repeat. Myotonic dystrophy also
exhibits anticipation, in which the disease
worsens through successive generations.
These two features have led many groups
to analyse whether a significant negative
correlation between triplet repeat length
and severity of disease exists. However,
the recent molecular finding that two distinct subsets of classically aVected DM
patients exist, those who export expansion
derived DMPK RNA and those who do
not, led us to question whether combining
data from these two sets of patients is statistically valid. We found that although
patients with small expansions showed a
significant correlation between age at
onset and triplet repeat length, those with
larger expansions did not. The theoretical
triplet repeat size, which separated the
two groups, was also deduced.
(J Med Genet 1999;36:59–61)
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Myotonic dystrophy (DM) is associated with a
triplet expansion in the 3' untranslated region
of a protein kinase gene DMPK.1 It has
become widely accepted that the length of the
triplet repeat in leucocytes correlates with the
age at onset of symptoms in myotonic dystrophy, with larger expansions leading to an earlier
age at onset than smaller expansions. Recent
experiments have led us to question this.2 We
found that for fibroblast patient cell lines with
triplet repeat sizes of 1.2 kb and above,
transcripts from the DM allele of DMPK were
absent from the cytoplasm, whereas in a cell
line with an expansion of only 0.24 kb the DM
transcripts were processed normally. This indicated that a critical repeat size existed in fibroblasts, above which RNA was not exported to
the cytoplasm. If this eVect is mirrored in other
tissues, then a threshold size might be expected, above which the severity of disease
(reflected by age at onset) shows no significant
correlation with the length of the triplet repeat.
In view of these molecular findings we have
reanalysed the relationship between reported
age at onset in DM patients and triplet size in
leucocytes by dividing these data into three
subsets: those with repeat sizes below 0.24 kb
(below the threshold), between 0.24 and 1.2 kb
(a mixed group, some below and some above

the threshold), and above 1.2 kb (above the
threshold). This allows us to determine
whether the significant correlation of the data
set reported previously as a whole3 is in fact the
result of a significant correlation in only a subset of patients. Patients in all groups exhibited
a range of symptoms including cataracts, muscle weakness, and myotonia.4 It is valid to
diVerentiate, and exclude, the data from
congenitally aVected patients as they exhibit
diVerent and additional (mental retardation)
symptoms to the classical myotonia of adult
onset DM.4 However, the clinical findings for
minimally aVected patients overlap those of
more severely aVected classical DM cases.
Analysis of 62 patients with expansions
greater than 1.2 kb shows that for this group
there was no significant correlation between
the age at onset and the size of their triplet
repeat. The mean age at onset for these patients
is 21.7 years. Non-parametric analysis of data
from patients with expansion sizes at the two
extremes of this group also indicates that there
is no significant diVerence between their age at
onset (by Mann-Whitney U). Therefore, both
methods indicate that the age at onset for
patients with expansion sizes greater than 1.2
kb is not determined by the length of their triplet repeat in leucocytes. This analysis indicates that the original data set as a whole consists of at least two groups; one of these groups
(patients with repeat sizes of 1.2 kb and
greater) shows no significant correlation between triplet repeat length and age at onset of
DM. The subset of patients with expansion
sizes less than 0.24 kb contains too few data
points for statistical analysis, and analysis of the
data from patients with expansion sizes of less
than 1.2 kb as a whole is not valid, as these are
predicted to contain heterogeneous data (that
is, some patients with expansions below and
some above the threshold).
In order to establish the triplet repeat size at
which there is a transition (a theoretical
threshold) from one group (which shows a significant correlation) to another (which does
not), serial regression analyses were undertaken, with age at onset regressed on size of
repeat. The initial regression, in this analysis, is
based on data from 23 patients who have
expansions of 0.3 kb or less. The incremental
addition of data from other patients, whose
expansions are in the next size category
indicates, by a change in the slope of the line,
the point at which data points from a diVerent
group are now also included (fig 1).
It is clear that when data from patients with
expansion sizes between 0.3 and 0.4 kb are
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Figure 1 Graph showing the age at onset regressed on size of triplet expansion in patients
with adult onset myotonic dystrophy. The regression lines for 0.5, 0.55, and 0.75 are
coincident. All sizes were obtained by Southern blot analysis, although PCR was also used
to confirm the length of smaller expansions. Total numbers of patients in each group, data
groupings, and equations from regression analysis are shown in the table below.

added to those from patients with expansions
of less than 0.3 kb there is no change in the
slope of the line. However, when data from
patients with expansions between 0.4 and 0.5
kb are included in the data set, the slope of the
line is shifted. Therefore, the theoretical
threshold appears to be within the group with
expansions between 0.4 and 0.5 kb and the
transition point can be calculated. Below 0.4 kb
the equation for regression analysis is y=−150x
+ 86. Above 1.2 kb (where no significant
correlation between age at onset and triplet
repeat length is seen), the equation is y=21.7.
The theoretical transition point is the intersect
of these two lines, a value of 0.43 kb.
Patients with expansions between 0.43 and
1.2 kb could be either from the same group as
those with expansions greater than 1.2 kb or
could represent a transition group. By nonparametric analysis, comparison of data from
patients with expansions between 0.43 and 1.2
kb to data from patients with expansions
between 3.0 and 4.75 kb show that there is no
significant diVerence in the median ages for the
two groups (median age at onset of 25 and
23.5, respectively), indicating that they probably formed part of the same group. In
contrast, there is a significant diVerence
between the ages of the 0.43 to 1.2 kb group
(median age at onset of 25) and those from the
group with expansions of less than 0.43 kb
(median age at onset of 55) (p<0.001 by
Mann-Whitney).
These findings indicate that when the CTG
triplet expansion in leucocytes is greater than
1.2 kb, the absolute size of the repeat will not
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be a good indicator of the expected age at onset
of myotonic dystrophy symptoms. Indeed, this
value may be as low as 0.43 kb. An alternative
explanation may be that these findings in
leucocytes do not reflect the situation in other
tissues, such as muscle, for which a significant
correlation could exist, because of somatic
heterogeneity. However, as a correlation has
been noted for the size of expansion in
leucocytes and muscle5 and between leucocytes
and fibroblasts (JDB unpublished data), this
explanation is less likely.
The identification of a second gene
(DMAHP) immediately downstream of the
expansion mutation, for which the (CTG)
expansion may disrupt a CpG island, led to the
possibility that expression of this gene may also
be disrupted in DM.6 Recently, expression
from the expansion allele of DMAHP has been
shown to be reduced in cell lines and muscle
biopsies from DM patients.7 8 However, a more
comprehensive study into the relationship
between triplet repeat length and the level of
expression from the expansion derived
DMAHP gene will be required before the role
of DMAHP can be related to this lack of
significant correlation between age at onset and
triplet repeat length for patients with triplet
repeat sizes above 0.43 kb.
It is unclear how the additional symptoms
found in congenital DM could arise if there is
no correlation between the length of the triplet
repeat when above 0.43 kb and the severity of
symptoms in classically aVected DM patients.
Recently, however, a hypermethylated site,
close to the triplet repeat expansion, has been
found to be associated with patients with congenital but not classical DM.9 This has been
proposed as a second genetic factor causally
related to the congenital form of the disease.9
In this model, hypermethylation of a site close
to the triplet repeat could lead to an alteration
in the expression of another gene (for example,
DMAHP) for which loss of function is only
detrimental during early development.
In the light of the findings reported here, it
will be interesting to reanalyse other data
relating age at onset and triplet repeat length,
and to assess how an alteration in the level of
DMAHP may relate to the size of the triplet
repeat.
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