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Summary Myotonic dystrophy (DM) is caused by an abnormal
expansion of an unstable CTG trinucleotide repeat in the 3’ untranslated
region of mRNA encoding a putative serine/threonine protein Kinase.
We analyzed 59 patients with DM (28 congenital DM families: 27 fam-
ilies with maternal transmission and 1 paternal transmission) and 27
normal control subjects to evaluate their CTG repeat size between DM
patients and the normal controls, and to search for a correlation between
the clinical characteristics of congenital DM (CDM) and CTG repeat
expansions. Analysis was on the basis of the Southern blot and polymer-
ase chain reaction (PCR) methods, and by direct sequencing of PCR
amplified CTG repeats. Analysis of intergenerational differences in the
CTG repeat size for mother-child pairs showed a positive correlation
(y=1.0384x+1265.2, r2=0.311). In addition to the strong parental bias,
this group showed genetic anticipation. There was a significant correla-
tion of the CTG repeat expansion with disease severity. The largest CTG
repeat expansion (2,293 CTG repeats) on average belonged to the severe
CDM group, and the smallest (129 CTG repeats) to the subclinical DM
group. The mutant allele of an asymptomatic father in the paternally
transmitted pedigree revealed 75 CTG repeats, demonstrating that he was
a DM protomutation carrier.

Key Words myotonic dystrophy (DM), congenital form, trinu-
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INTRODUCTION

Myotonic dystrophy (DM) is an autosomal dominant, multisystemic disorder
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characterized by myotonia, progressive muscle weakness and atrophy, cardiac
conduction disturbances, cataracts, and abnormal glucose intolerance (Harper,
1989). DM is the most common form of adult muscular dystrophy, with an
estimated incidence of 1 in 8,000. Clinical features of DM are markedly variable,
ranging from neonatal mortality (congenital DM, CDM) to a complete absence of
symptoms. The age at onset of the disease and severity of the symptoms show
extreme variations even among family members. CDM is associated with severe
hypotonia, feeding difficulty, neonatal respiratory distress, developmental motor
delay and mental retardation, distinct from the adult DM. Most children with
CDM are the offspring of affected mothers (Howeler et al, 1989). The phenome-
non of genetic anticipation, earlier age of onset and increasing severity of the
disease in successive generations, always occurs in DM pedigrees (Ashizawa et al,
1993).

The gene responsible for DM (DM kinase gene) has been mapped to human
chromosome 19q13.3. The complete sequence of the DM kinase gene is within a
14-kb genomic region containing five contiguous BamHI fragments and constitut-
ing of 15 exons_ (Mahadevan et al, 1993a). The full length of mRNA of the DM
kinase gene is estimated to be approximately 3.4 kb and encodes a 69-kDa
translational product of 629 amino acids which has no homology to any known
protein sequences. The molecular basis of DM mutation is an unstable trinu-
cleotide (CTG) repeat, located at the 3’ end of a transcript encoding a putative
serine/threonine protein kinase (Brook et al, 1992; Buxton et al, 1992; Ma-
hadevan et al, 1992; Fu et al, 1992). The number of expansions varies markedly,
even in a normal population from 5 to 30, but in DM patients it ranges from 50
to several thousand copies (Tsilfidis et al, 1992). In asymptomatic individuals at
a premutation stage, CTG repeat varies from 35 to 50.

We analyzed 28 CDM families and 27 normal control subjects to evaluate the
CTG repeat size between DM patients and normal controls, and to clarify correla-
tions between the clinical characteristics of CDM and CTG repeat expansions.

MATERIJALS AND METHODS

Patients and blood samples. Blood samples were obtained from 59 DM
patients from 28 families (27 families with maternal transmission and | paternal
transmission; 16 severe CDM patients, 16 CDM patients, 23 adult DM patients,
and 4 subclinical DM patients; 25 mother-child pairs and 2 father-child pairs) and
27 normal control subjects. Peripheral blood leukocytes were taken from the
patients and the normal controls, CDM was diagnosed based on clinical features
and muscle pathology. We classified the patients into the following four groups on
the basis of clinical manifestations and age of onset. (1) Severe CDM: these
patients were characterized by clinical features such as the presence of polyhydram-
nios and reduced fetal movements, marked hypotonia with facial weakness at
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birth, neonatal respiratory distress, and feeding difficulty during the neonatal
period. (2) CDM: they had facial weakness, generalized hypotonia at neonatal
period, delayed motor development, and mental retardation. (3) Adult DM: they
represented myotonia beginning at adult life, progressive muscle weakness and
atrophy. (4) Subclinical DM: they were asymptomatic DM carriers with only
cataracts.

Southern blot analysis. Genomic DNAs were prepared from peripheral
blood leukocytes by the standard procedures (Sambrook et al, 1989). Seven
micrograms of genomic DNA was digested with appropriate restriction endonu-
cleases (EcoRIl, BamHI, Sacl, and Bgl/l), separated by electrophoresis on 0.8%
agarose gel, and transferred onto nylon membranes using a vacuum transfer
apparatus (VacuBlot™ Transfer System, American Bionetics, USA). After prehy-
bridization, the digested DNA was hybridized to radiolabeled p5B1.4 for 24 hr.
The filters were washed in a stringency of 0.1 X SSC containing 0.1% SDS and
autoradiography was performed at —80°C for 2 to 5 days. The probe p5Bl.4
(Shelbourne er al, 1992), supplied by Dr. Keith Johnson, is a 1.4-kb BamHI
fragment from cDNA25 (Buxton et al, 1992) subcloned into pBluescript SK+.
This probe was labeled by random priming.

Polymerase chain reaction (PCR) amplification. PCR was performed using
CTG region-flanking primers (Brook e al, 1992; Mahadevan et al, 1992). Cycling
conditions were as follows: initial denaturation at 95°C for 3 min, 35 cycles at 95°C
for 1.5 min, 65°C for I'min and at 72°C for 2 min, followed by a final stage at 72°C
for 7 min. PCR products were electrophoresed on 2% agarose, blotted onto a nylon
membrane, and probed with a [y-3?P]JATP endlabeled (CTG),, oligonucleotides.
Membrane was washed in 6 X SSC containing 0.1% SDS and exposed to Kodak
X-ray film. CTG closely flanking primers were as follows:

primer #101 (26 mer): 5'-CTTCCCAGGCCTGCAGTTTGCCCATC-3

primer #102 (27 mer): 5-GAACGGGGCTCGAAGGGTCCTTGTAGC-3

primer #406 (22 mer): 5-GAAGGGTCCTTGTAGCCGGGAA-¥

primer #409 (20 mer): 5-GGAGGATGGAACACGGACGG-3.

Direct sequencing of PCR product. DNA fragments containing the CTG
trinucleotide repeats in leukocytes were amplified by PCR using the CTG repeat
closely flanking primers, purified by electrophoresis through 2% agarose gel.
Primer #409 was biotinylated at the 5" end. Biotinylated single stranded DNA was
prepared by Dynabeads™ M-280 Streptavidin (Dynal®, Norway) procedures and
sequencing was performed according to Sanger’s dideoxy chain termination
method using a Sequenase kit Ver.2™ (U.S.B., USA) and **S-dATP. Nucleotide
sequences were obtained by 6% polyacrylamide electrophoresis followed by drying
and exposed to Kodak X-ray film for 24 hr.
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Fig. 1. Southern blot analysis of EcoRI fragments in three families with CDM.
EcoRlI-digested DNAs probed with p5B1.4 showed an EcoRI polymorphism
with 9.8 and 8.6 kb alleles in a normal population. In pedigree 1, both an
asymptomatic maternal grandmother (Subject 1) and a mother’s unmarried
younger sister (Subject 5) had 8.6 and 9.8 kb heterozygous alleles, and a father
(Subject 2) had 8.6 kb homozygous alleles. They had no CTG repeat expan-
sions. Mother (Subject 3) had adult DM; she had 9.8 kb and expanded smear-
ing 14.2 kb alleles (about 1,400 CTG repeats). A girl with typical severe CDM
(Subject 4) had 9.8 kb and expanded discrete 17.8 kb alleles (about 2,800 CTG
repeats). In another two CDM families (pedigrees 2 and 3), adult DM patients
had normal alleles and expanded alleles, and CDM patients had normal alleles
and larger expanded repeat than adult DM patients. Squares, men; circles,
women. Solid symbols indicate affected family members.

RESULTS

Table 1 summarizes the characteristics and results of CTG repeat expansions
of the CDM patients. All the DM patients had variable CTG repeat expansions,
and normal controls had no expansions. Figures 1, 2 (Southern blot analysis) and
3 (PCR analysis) were typical patterns of CTG repeat expansions in CDM
pedigrees.

Intergenerational differences in CTG repeat size of mother-child pairs
Analysis of the intergenerational differences in CTG repeat size for mother-
child pairs (Fig. 4) showed a positive correlation (y =1.0384x+1265.2, r*=0.311,
n=25). The present group of CDM showed a strong parental bias; all 27 pedigrees
except one showed transmission from the affected mother. They showed genetic
anticipation, ie., earlier age of onset and increasing disease severity in successive
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Fig. 2. Southern blot analysis of BamHI fragments in two families of CDM. BamHI-
digested fragments can detect smaller allelic expansions of about 200 bp (65-70
CTG repeats). Patients in whom allelic expansion is ambiguous can be
diagnosed. Southern blot analysis showed a single band of 1.4 kb in normal
individuals. In pedigree 1, expanded CTG repeats were detected as smears in
the mother with adult form of DM (Subject 3). A girl with severe CDM
(Subject 4) had a normal band of 1.4 kb plus a larger discrete expanding band
of 9.2 kb. No expansion was detected in an asymptomatic grandmother (Sub-
ject 1), father (Subject 2), and an aunt (Subject 5). In pedigree 4, the expanded
CTG repeat was detected as a smear in a mother with adult form of DM
(Subject 6). A girl with CDM (Subject 8) had a normal band of 1.4 kb plus a
larger discrete expanding band. No expansion was detected in an asymptomatic
elder brother (Subject 7).

generations.

Paternal transmission

We previously reported the first CDM patients in a family in whom the
transmission was paternal and showed the anticipation in both phenotype and
genotype (Ohya et al, 1994). The father had a minimal expanding band of 1.6-kb
in BamHI-digested DN As (data not shown). In determining the accurate number
of CTG repeat of minimal expanded mutant alleles, the PCR using the CTG repeat
flanking primers and direct sequencing of PCR products were performed. The
mutant allele of the father revealed 75 CTG repeats (Fig. 5).
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Fig. 3a: Ethidium bromide-stained 2% agarose gel banding pattern of PCR-amplified
CTG repeats region in congenital DM pedigrees. Ethidium bromide staining
of the PCR-amplified CTG repeat region (using flanking primers #101 and
#102) indicated that a grandmother (Subject 1) and an aunt (Subject 5) had
two normal alleles of 125 base pairs (bp) and 149 bp (5 and 13 CTG repeats).
A father (Subject 2) had two normal alleles of 134 bp and 155 bp (8 and 15
CTG repeats). PCR-amplified DNA in a mother (Subject 3) and a girl
(Subject 4) showed only the normal alleles of 125 bp and 134 bp, respectively.

b. In Southern blot analysis probed with 5" end radiolabelled (CTG),, oligonu-
cleotides, PCR products from the asymptomatic grandmother (Subject 1) and
the aunt (Subject 5) showed a hybridized signal only above the normal
alleles, while PCR-amplified DNA from the mother with adult DM (Subject
3) showed two distinct hybridized signals above both a normal allele and a
mutant allele. The girl (Subject 4) had both a normal allele signal and a faint
smearing of the hybridization signal above an expanded mutant allele. On the
basis of the clinical features presented, the results of Southern blot analyses,
and PCR amplification analyses, the girl (Subject 4) in pedigree | was
confirmed as having CDM. The asymptomatic grandmother (Subject 1) and
the aunt (Subject 5) were confirmed to be normal. In another two CDM
families (pedigrees 5 and 6), adult DM patient (Subject 6) had normal alleles
and expanded alleles, and CDM patients (Subjects 7 and 9) had normal
alleles and larger expanded repeat than adult DM patients on Southern blots.
Subject 8 (pedigree 6) was a subclinical DM. Size-standard DNA (M) is
ADNA digested with Hindll plus PhiX174 DNA digested with Hinfl.
The numbers of the lane | to 5 are the same ones as shown in Figs. 1 and 2.
Lane 10 showed a father of paternally transmitted CDM pedigree.

Correlation between the number of CTG repeat and the age of onset
There were significant correlations between the number of CTG repeats and
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Fig. 4. Iatergenerational differences in CTG repeat size of mother-child pairs. Analy-
sis shows a positive correlation (see text). Almost all cases of CDM show
parental bias, which is transmitted from affected mother, except one pedigree.

both the age of onset and disease severity (Fig. 6). The largest CTG repeat
expansion on average belonged to the severe CDM group, and the smallest to the
subclinical DM group. The severe CDM patients showed 2,293 4404 CTG repeats
(mean+SD), CDM patients 1,445+400 repeats, adult DM 5814234 repeats, and
subclinical DM showed 129+98 repeats. There was a significant difference in
repeat size among the four groups: p<0.001.

DISCUSSION

DM in our series showed quite variable phenotypes, ranging from CDM to a
complete absence of symptoms. Genetic anticipation was observed in all the
present pedigrees. The severity of CDM confirmed to correspond to the length of
CTG repeats in mutant genes from peripheral blood leukocytes in our study.
Mahadevan et al (1992) suggested that a blurred or smeared appearance of
expanded alleles seen on Southern blots in lymphocytes indicated somatic cell
heterogeneity in the size of the expanded alleles. We also observed smeared
expanded bands in several DM patients on Southern blots. In PCR analysis, we
detected smeared bands of mutant alleles in all DM patients analyzed. Our
molecular data in CDM were consistent with the results of previous reports
(Tsilfidis er al, 1992; Mahadevan ef al, 1992; Harley et al, 1992). Yamagata et
al (1994) reported characteristic relationships between CTG repeat mutations and
clinical phenotypes in a Japanese population. Our study made the correlations
clear between the triplet expansion and CDM clinical features.

The transmission of CDM was previously considered exclusively maternal.
However, less than 10% of affected mothers gave birth to CDM infants. The risk
of congenitally affected babies inherited from multisystemic DM mothers is

Jpn J Human Genet
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Fig. 5. Direct sequencing of a mutant allele of a2 DM premutation carrier in the
paternally transmitted family pedigree and normal alleles, showing 75 copies
of the CTG repeats (a) and 5 and 1] copies of normal alleles (b).

approximately 80% (Koch et al, 1991). Although we observed four such DM
mothers and their infants with severe.or lethal congenitally affected DM babies,
the mothers had no understandings of high risk for bearing CDM offsprings. The
CTG repeat expansion in DM mutations enables us to explain the genetic anticipa-
tion and phenotypic variability in DM, and to diagnose, patients who were
asymptomatic or showed few of the ¢lassical signs. The identification of the DM
mutation and the ability to perform a direct DNA analysis will enable physicians
to provide families more accurate risk estimates and information for genetic
counseling. Moreover, a DNA analysis will be especially helpful for prenatal

diagnosis.
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Fig. 6. Correlation between the number of CTG repeats and the age of onset 6f DM,
There is a significant correlation of CTG repeat sizes with disease severity. The
largest CTG repeat expansion on average belongs to CDM group, and the
smallest to subclinical DM group.

We previously presented the first CDM case via paternal transmission, using
DNA analysis (Ohya et al, 1994). Some DM patients have a very mild clinical
signs associated with minimal amplification of the CTG repeat, ranging from 50
to 80 repeats. This class of DM mutation was called DM protomutation (Barcelé
et al, 1993). In our study, a mutant allele of the father reveals 75 CTG repeats. The
asymptomatic father was a. DM protomutation carrier. We speculate that the
changes in CTG repeat numbers may occur during oogenesis and spermatogenesis.
Analysis of CTG repeats in this father’s sperm may shed some light on paternal
transmission of DM mutations.

Direct mechanism of the CTG repeat expanston in the DM gene is still
unknown. But, an association of insertion and deletion polymorphisms located at
intron 8 of the DM gene and the CTG repeat size was observed in Caucasian and
Japanese populations (Yamagata ef al, 1992; Mahadevan et al, 1993b). In DM
patients, the expanded CTG repeat is associated with a 1-kb insertion. The
{CTG),,_,; repeat was almost always associated with a deletion and the (CTG);,
(CTG)y, and (CTG),,_4, repeats were associated with another insertion. The
(CTG),,_;s allele was stable and had no increasing change of repeats in successive
generations, but (CTG)s, (CTG),5_5 repeat alleles were quite unstable, almost
always expanding in successive generations (Imbert er al, 1993). South African
Negroids had a (CTG), allelic distribution that was significantly different from
those in Caucasian and Japanese populations: the (CTG), 4 repeat was very rare.
These findings explained the absence of DM patients in South Africa (Goldman
et al., 1994). Recently, Wong et al (1995) reported that the size of expanded CTG
repeat from the same adult DM patients showed a clear tendency to increase over
2- to S-year intervals, suggesting an association of progressive shift to larger
expansion size with advancing age (postnatal instability of CTG repeats). There-
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fore, our results require the verification of the CTG repeat expansion by prospec-
tive study with the same subjects after several years.
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