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Abstract

We report the clinical and molecular study
of three unrelated homozygous myotonic
dystrophy patients. In the first family, the
homozygous patient shows the classical
form of the disease with two DM alleles of
very different expansion sizes (1000 and 60
repeats). In the second family, the ho-
mozygous patient is mildly affected and
carries a minimally expanded allele (64
repeats) and a “normal” allele (38 re-
peats) that increases in size when trans-
mitted. Such an intergenerational expan-
sion of an allele in this range of repeats has
not been reported to date. The third
homozygous case has late onset bilateral
cataracts as the only symptom. She has
two minimally expanded alleles (51 and
120 repeats) that showed different inter-
generational enlargement during trans-
mission to the next generation.

(F Med Gener 1996;33:783-785)
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Myotonic dystrophy (DM), an autosomal
dominant multisystemic disorder, is the most
common form of adult muscular dystrophy.'
The expansion of a CTG trinucleotide repeat
motif in the 3' untranslated region of a protein
kinase gene family member on chromosome 19
is considered to be the genetic defect underly-
ing DM.*” The variability in disease severity
correlates with the size of the repeat expansion.
The number of repeats ranges from five to 40
in normal people, minimal symptoms are
present in people with 50 to 90 repeats, and
severely affected patients have large expan-
sions, as many as 2000 repeats in congenital
forms.”® There is also a tendency to an
intergenerational expansion of the repeat size
underlying the phenomenon of anticipa-
tion.6 9 10

It was assumed that the homozygous state
was lethal in DM or at least so severe that it
would lead to intrauterine death.' However, in
1993, we reported two sisters who were
asymptomatic for the disease in spite of being

homozygous for the DM expansion."! A
homozygous patient with a more severe pheno-
type than would be predicted by his repeat size
alone was reported in 1994. We report the
clinical and molecular study of three additional
unrelated DM homozygous patients.

In the present study, for CTG expansion
analyses, genomic DNA was digested with
EcoRl, electrophoresed on a 0.6% agarose gel,
and hybridised with probe cDNA25. Amplifi-
cation across the CTG repeat region by PCR
was performed with a pair of oligonucleotide
primers flanking the region, as described
elsewhere,* and radiolabel was added to the
PCR samples for visualisation on 5% polyacry-
lamide sequencing gels exposed to hyperfilm-
MP." Haplotype analyses were performed
using the following markers: CKMM,"
D19S63,"* D19S51,"” and p37.1," according
to standard procedures.”

The protocol for this study was approved by
the Hospital de la Santa Creu i Sant Pau Ethi-
cal Committee and consent was obtained from
the participating patients and their relatives. In
family 1 (fig 1), the proband (I1.6) is a 54 year
old woman with a severe clinical form of DM.
She was the sixth child of consanguineous par-
ents. Three of her six male sibs (II.1, II.2, and
I1.5) were clinically diagnosed as having DM.
Subjects II.3, II.4, and II.7 showed no
symptoms of DM. Autoradiography (fig 2)
shows the presence of the DM associated
expansions in the DNA samples of II.5 (11 kb)
and II.6 (10.1 and 13 kb) and normal bands of
9 and 10 kb in I1.7. Analysis of the PCR prod-
ucts confirmed the presence of a DM allele
with 60 repeats and the absence of normal alle-
les in DNA from the proband II.6 (fig 3).
Study of the DNA from blood cells of I1.6 over
a two year period showed that the DM allele
with 60 repeats had not changed in size, while
an increase of 166 repeats has occurred in the
DM allele with an initial size of 13 kb (data not
shown).

In family 2 (fig 1), the DM homozygous case
is an 84 year old male (I.1) who, like his sister
(I.3) aged 72, had cataracts as the only
symptom of DM. By history, their parents were
healthy and non-consanguineous. The
proband’s oldest daughter (II.1) is a 43 year
old woman with a classical form of DM. The
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Figure 1 Pedigrees and haplotypes of the families. Black symbols indicate DM patients and hatched symbols indicate asymptomatic DM carriers. The
DM homozygous patients are arrowed. Haplotypes comprise typings (top to bottom, centromere to telomere) CKMM)/Taql, Ncol, D19S63/Pstl,

p37.1/BamHI, cDNA25/EcoRI, D19S51/Bgll.

younger daughter (II.2) is a 31 year old woman
with no symptoms or signs of the disease on
neurological examination. No myopathic
motor units or myotonia were found on EMG
of proximal and distal muscles.

Subject 1.1 had alleles with 38 and 64 CTG
repeats. 1.3 had one normal allele (11 CTG
repeats) and a expanded allele (64 repeats).
II.1 had one allele with five repeats by PCR
and a second allele of 11.7 kb on Southern
blot. I1.2 had alleles with five and 44 CTGs
(figs 2 and 3). Segregation of marker alleles of

Fam 1 Fam 2 Fam 3
i i e b
-5 16 17 L3 1 11 112 12 -1 11 1-2

Figure 2 Southern blot of EcoRI digested genomic DNA, probed with cDNA25. Normal
subjects are either homozygous or heterozygous for the 10 and 9 kb alleles. Affected subjects
have one of these two bands plus a second band of >10 kb. Samples are numbered as in

fig 1.

the genomic region containing the DM gene
was performed in order to determine whether
the allele with 44 CTGs seen in II.2 was the
result of a reverse mutation in the paternal
allele with 64 CTGs or of an expansion of the
paternal allele of 38 CTGs. The result of this
segregation analysis (see haplotypes in fig 1)
indicates that II.1 has inherited the paternal
DM allele with an intergenerational expansion
of approximately 1.6 kb, while II.2 has
inherited a “predisposed” allele with 38 CTGs
able to increase six CTGs during transmission,
in such a way that II.2 is a carrier of a premu-
tated allele.

In family 3 the homozygous case (II.1) is a
55 year old woman born to healthy, consan-
guineous parents. Late onset bilateral cataracts
are the only symptom of DM. Her son (III.1),
aged 32, is clinically normal. Her daughter
(I11.2), aged 28, has a classical form of DM;
she became pregnant two years ago and
requested first trimester prenatal diagnosis. As
an expanded allele of approximately 2000
repeats was detected in the fetal DNA, she
decided to terminate the pregnancy.

The results of DNA analysis in the family are
shown in figs 2 and 3. II.1 had two minimally
expanded alleles of 51 and 120 repeats. As this
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woman, born to consanguineous parents, is
homozygous for all the markers tested, we were
unable to determine which DM allele she had

transmitted to her progeny. Probably, III.1
inherited the allele with 51 CTGs that enlarges
three CTGs during transmission and III.2
inherited the DM allele with 120 CTGs that

increased four times its size during transmis-
sion.

The classical definition of dominance states
that homozygotes and heterozygotes for a given
defect are phenotypically indistinguishable. In
DM, homozygotes do not differ in clinical
expression from typical DM heterozygotes,
indicating that DM displays complete pheno-
typic dominance. Among the six cases ho-
mozygous for the DM gene analysed to date,
there is at least one representative of each of
the different diagnostic categories seen in DM
carriers: a congenitally affected man with a
more severe phenotype than would be pre-
dicted by repeat size alone," a classical form of
DM, such as case 1 in this report, minimal
signs of the disease, such as cases 2 and 3, and
finally the two asymptomatic sisters previously
reported."

The fact that five out of six homozygous
cases described were from consanguineous
families should be kept in mind when genetic
counselling is given in countries where consan-
guinity is not unusual.

In the normal population, the CTG repeat is
polymorphic and varies between five CTGs at
the lower end of the length spectrum to 40
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Figure 3 Radiolabelled PCR products obtained from the
amplification of the CTG repeat region on a 5%
polyacrylamide gel. Repeat sizes were estimated by
comparison to an M13 sequencing ladder. Samples are
numbered as in fig 1.
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CTGs at the upper limit. Richards ez al'*
suggested that there may be a pool of subjects
with repeat numbers in the upper normal range
whose descendants are at an increased risk of
subsequent mutation owing to the relationship
between copy number and instability. Imbert ez
al’ also proposed that the large normal size
alleles with greater than 19 CTGs may have
significant instability and thus may be the pre-
disposing alleles for DM mutations. Case 2 in
the present report is a good example of a
predisposing allele: he had transmitted an allele
of 38 CTGs that increased several repeats in
size when transmitted.

Even if the incidence of such cases is low at
the DM locus, the larger copy number within
the normal range seems to have a greater
chance of progressing to the mutation range of
repeats in successive generations.

In summary, our results emphasise the
usefulness of molecular studies in the identifi-
cation of DM homozygotes, a state not so
infrequent as previously thought.
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