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Summary

In myotonic dystrophy (DM), the size of a CTG repeat in the DM kinase gene generally increases in successive
generations with clinical evidence of anticipation. However, there have also been cases with an intergenerational
contraction of the repeat. We examined 1,489 DM parent-offspring pairs, of which 95 (6.4%) showed such
contractions in peripheral blood leukocytes (PBL). In 56 of the 95 pairs, clinical data allowed an analysis of their
anticipation status. It is surprising that anticipation occurred in 27 (48%) of these 56 pairs, while none clearly
showed a later onset of DM in the symptomatic offspring. The contraction occurred in 76 (10%) of 753 paternal
transmissions and in 19 (3%) of 736 maternal transmissions. Anticipation was observed more frequently in
maternal (85%) than in paternal (37%) transmissions (P < .001). The parental repeat size correlated with the size
of intergenerational contraction (r2 = .50, P << .001), and the slope of linear regression was steeper in paternal
(-.62) than in maternal (-.30) transmissions (P < .001). Sixteen DM parents had multiple DM offspring with the
CTG repeat contractions. This frequency was higher than the frequency expected from the probability of the
repeat contractions (6.4%) and the size of DM sib population (1.54 DM offspring per DM parent, in 968 DM
parents). We conclude that (1) intergenerational contraction of the CTG repeat in leukocyte DNA frequently
accompanies apparent anticipation, especially when DM is maternally transmitted, and (2) the paternal origin
of the repeat and the presence of the repeat contraction in a sibling increase the probability of the CTG repeat
contraction.
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kinase gene (referred to as the "DM kinase gene," or
the "myotonin protein kinase gene") located in the
19q13.3 region (Aslanidis et al. 1992; Brook et al. 1992;
Buxton et al. 1992; Fu et al. 1992; Harley et al. 1992a;
Mahadevan et al. 1992). The CTG repeat length is poly-
morphic in normal individuals, ranging from 5 to 37
repeats (Brunner et al. 1992), while DM patients exhibit
expansions >50 and often up to several thousand re-
peats (Aslanidis et al. 1992; Brook et al. 1992; Buxton
et al. 1992; Fu et al. 1992; Harley et al. 1992a; Mahade-
van et al. 1992; Shelbourne et al. 1993). Expanded CTG
repeats are unstable, as evidenced by the change in
length of the repeat-containing DNA fragment from
one generation to another, usually increasing in size in
successive generations (Ashizawa et al. 1992a; Harley et
al. 1992b; Lavedan et al. 1993b; Mulley et al. 1993;
Redman et al. 1993). This has provided a molecular
basis for anticipation, a clinical phenomenon in which
the disease manifests itself earlier in successive genera-
tions with increasing severity. The size of the CTG re-
peat generally shows an inverse correlation with the age
at onset (Ashizawa et al. 1992a; Hunter et al. 1992;
Harley et al. 1993; Lavedan et al. 1993b; Novelli et al.
1993a; Redman et al. 1993) and is particularly large in
congenital DM (Tsilfidis et al. 1992; Abeliovich et al.
1993; Harley et al. 1993; Lavedan et al. 1993b; Novelli
et al. 1993a; Redman et al. 1993). In patients with
adult-onset DM, levels of the DM kinase mRNA de-
rived from the disease allele and the DM kinase protein
may be decreased in proportion to the expansion of the
CTG repeat and the clinical severity (Fu et al. 1993;
Krahe et al. 1993; Novelli et al. 1993b), although stud-
ies on the mRNA levels in congenital DM have shown
conflicting results (Fu et al. 1993; Hofmann-Radvanyi
et al. 1993; Sabouri et al. 1993). Thus, while the exact
pathophysiological mechanism remains unknown, the
length of the CTG repeat plays important roles in DM.

In several reports, a small number of offspring have
shown a decrease in the CTG repeat size compared
with their parents (Ashizawa et al. 1992a; Shelbourne et
al. 1992, 1993; Abeliovich et al. 1993; Brunner et al.
1993b; Cobo et al. 1993; Harley et al. 1993; Hunter et
al. 1993; Lavedan et al. 1993a, 1993b; Mulley et al.
1993; O'Hoy et al. 1993; Redman et al. 1993). In most
of these cases, the DM mutation was transmitted by the
father. In contrast, a large intergenerational expansion
often resulted in congenital DM that occurs mostly in
maternal transmissions of the disease (Tsilfidis et al.
1992; Harley et al. 1993; Redman et al. 1993). Further-
more, in paternal transmissions, the intergenerational

increase of the repeat size became smaller as the pater-
nal repeat size increased (Cobo et al. 1993; Lavedan et
al. 1993a, 1993b; Mulley et al. 1993; Ashizawa et al.
1994). To arrive at a consensus among investigators
from different institutions, with regard to the parame-
ters involved in the contraction of the CTG repeat, we
pooled available cases from multiple centers.

Patients and Methods

Patients
The patients included in this study were collected for

either research or diagnostic purposes. In some cases,
the clinical data were entirely furnished by referring
physicians, especially when the samples were collected
for diagnostic purposes. Altogether, we studied the
CTG repeat size of 1,489 parent-child pairs of DM pa-
tients from 15 institutions in 11 countries.

Determination of the CTG Repeat Size
DNA obtained from peripheral blood leukocytes of

each DM patient underwent Southern blotting and the
PCR for determination of the CTG repeat size, as de-
scribed elsewhere (Aslanidis et al. 1992; Brook et al.
1992; Buxton et al. 1992; Fu et al. 1992; Harley et al.
1992a; Mahadevan et al. 1992). In Southern blotting,
DNA was digested primarily with EcoRI, BamHI, and
NcoI, was electrophoresed in an agarose gel, and was
transferred to a nylon membrane. Radiolabeled probes
containing the CTG repeat region were used to detect
the restriction fragments containing the CTG repeat.
For the PCR, oligonucleotide primers, which have nu-
cleotide sequence homology with the unique sequences
flanking the CTG repeat region, were used to amplify
this region of the patient's DNA. The PCR was per-
formed in the presence of radiolabeled a-dCTP, to in-
corporate the radioactivity into the amplified products,
which were then analyzed by denaturing 6% PAGE fol-
lowed by autoradiography. In some cases, the PCR
products were analyzed by 2%-3% agarose gel electro-
phoresis with ethidium bromide staining without incor-
poration of radioactivity. Alternatively, the PCR prod-
ucts were analyzed by Southern blotting with
subsequent hybridization to a radiolabeled (CTG)1O oli-
gonucleotide probe. The protocols slightly differed
from one institution to another. However, all protocols
reliably determined the size of the repeat. Samples from
each DM parent-offspring pair were run on the same
gel. An intergenerational change of the CTG repeat size
was scored as a contraction when the average size of the
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Table I

Cases with CTG Repeat Contractions

No. OF PARENT-CHILD PAIRS WITH No. OF PARENT-CHILD PAIRS SCREENED FOR
CTG REPEAT CONTRACTION CTG REPEAT CONTRACTION

Father-Child Mother-Child Father-Child Mother-Child
STUDY CENTERa Pairs Pairs Total Pairs Pairs Total

Barcelonab .............. 15 2 17 95 89 184
Cardiff ................ 9 2 11 64 93 157
Denver ................ 1 3 4 7 16 23
Durham, NC ............ 7 3 10 44 38 82
Houstonc ............... 7 2 9 74 66 140
Stockholmd ............. 3 0 3 5 5 10
Marburg, Germany ...... 1 4 5 17 13 30
Nijmegenc ............... 9 2 11 111 61 172
Adelaide ................ 4 0 4 30 25 55
Osaka ................ 0 0 0 41 39 80
Ottawag ................. 4 0 4 121 184 305
Parish ................ 15 0 15 87 72 159
Rome 1................ I 1 2 57 35 92

Total ................ 76 19 95 753 736 1,489

a The author/investigators involved in the centers were as follows: M.B., A.M.C., and A.L. (Barcelona); H.H., D.J.S., and P.S.H. (Cardiff);
W.K.S. (Denver); A.D.R. (Durham, NC); T.A. and R.G.F., Jr. (Houston); M.A. and U.G. (Stockholm); M.C.K. (Marburg, Germany); H.B. and
H.S. (Ni jmegen); T.M. and H.Y. (Osaka); R.G.K. and J.M.B. (Ottawa); C.J. and C.L. (Paris); and B.D. and G.N. (Rome).

b Some of the data have been reported elsewhere by Cobo et al. (1993).
c Some of the data have been reported elsewhere by Ashizawa et al. (1992a) and Redman et al. (1993).
d Some of the data have been reported elsewhere by Shelbourne et al. (1993).
' Some of the data have been reported elsewhere by Brunner et al. (1993b).
f Some of the data have been reported elsewhere by Mulley et al. (1993).
9 Some of the data have been reported elsewhere by O'Hoy et al. (1993).
h Some of the data have been reported elsewhere by Lavedan et al. (1993b).
'Some of the data have been reported elsewhere by Novelli et al. (1993a).

repeat, the upper limit of the smear, and the lower limit
of the smear in the offspring were smaller than those in
the parent. We used the average size of the smear as the
repeat size.

Results

For the 1,489 DM parent-child pairs, the CTG repeat
size was smaller in the child than in the parent in 95
(6.4%) (table 1). The number of CTG repeats decreased
in 19 (2.6%) of 736 maternal transmissions and in 76
(10.1%) of 753 paternal transmissions (X2 = 33.9, df
= 1, P << .001). Although the sex of the offspring ap-
peared to be more frequently male (n = 55) than female
(n = 40) in these cases, this was not statistically signifi-
cant (X2 goodness of fit = 2.37, df = 1, .05 < P < .1).

Detailed clinical information was available in 56 of
the 95 pairs, comprising 43 paternal and 13 maternal
transmissions. In the remaining 39 pairs, the clinical

information was either unavailable or not detailed
enough to allow a comparison between the age at onset
in the parent and that in the offspring. For the 56 pairs,
anticipation was observed in 27 (48%), the age at onset
in the parent and the child were similar in 3 (5%), and in
26 (46%) the child was asymptomatic at an age younger
than the parent's age at onset (table 2). The ages at
onset and the CTG repeat sizes of the 27 cases with
anticipation were summarized (table 3). Of the 27 cases,
16 showed unambiguous contraction of the CTG re-
peat, without overlap of the smear sizes. When the re-
peat expansions were detected by Southern blotting of
the PCR products with the (CTG)1o probe, the smear
tended to be particularly extensive, making precise de-
termination of the size difficult in some cases (e.g.,
cases 25 and 26 in table 3). Three of the 26 cases with
asymptomatic children showed reversions of the CTG
repeat size to the normal range (13, 24, and 19 repeats)
and have been reported elsewhere (Brunner et al.
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Table 2

Anticipation and CTG Repeat Contraction

No. (%) OF PAIRS

Father-Child Mother-Child
AGE AT ONSET Pairs Pairs Total

Parent > child ...... 16 (37) 11 (85) 27 (48)
Parent = child ...... 3 (7) 0 3 (5)
Parent < child 0...... O0 0
Child

asymptomatica 24 (56) 2 (15) 26 (46)

Total ............. 43 (100) 13 (100) 56 (100)

NOTE.-In 56 of the 95 DM parent-child pairs, information on the
age at onset allowed determination of the anticipation status, while
the remaining 39 pairs failed to give clinical information clear enough
to allow meaningful analyses.

a Cases in which the child was asymptomatic at an age younger
than the age at onset in the parent.

1993b; O'Hoy et al. 1993). In another pair in which the
ages at onset were similar, the disease of the child was
milder and more slowly progressive than that of his
parent (O'Hoy et al. 1993). Thus, in about half of these
cases, clinical anticipation still occurred, despite the in-
tergenerational contraction of the repeat. Two of the
cases with anticipation resulted in congenital DM of
the child (Cobo et al. 1993). With the CTG repeat con-
traction, anticipation was proportionally more fre-
quent with maternal transmissions (11 of 13 [85%])
than with paternal transmissions (16 of 43 [37%])
(Fisher's exact test; P < .001) (table 2).

There was a significant correlation between the size
of the parental repeat and the size of the intergenera-
tional contraction (r2 = .50, P < .001) (fig. 1). The
correlation was tighter when the data were analyzed
separately for paternal and maternal transmissions (r2
= .61, P <K .001 in paternal transmissions; r2 = .52, P
< .001 in maternal transmissions), and the slope of the
regression line was significantly steeper (-.62) in the
paternal transmissions than in the maternal transmis-
sions (-.30) (t = 7.08, v = 91, P <K .001) (fig. 1). The
average ratio of the contraction size and the parental
size was significantly greater in the paternal transmis-
sions (mean ± SD = .457 ± .251, n = 76) than in the
maternal transmissions (mean ± SD = .344 + .145, n
= 19) (t = 1.875, v = 93, P < .05). The maternal repeat
sizes (mean ± SD = 4.0 ± 1.8 kb, n = 19) were signifi-
cantly larger than the paternal repeat sizes (2.5 + 1.3 kb,
n = 76) (t = 4.13, v = 93, P < .001). There was no
difference between the mean degrees of intergenera-

tional contraction in the maternal (mean ± SD = 1.3
± 0.75 kb) and the paternal (mean ± SD = 1.2 ± 1.1 kb)
transmissions.
We also examined the 95 parent-child pairs for occur-

rences of the CTG repeat contractions within siblings.
In 16 sib sets, involving 35 parent-to-offspring trans-
missions, the CTG repeats contracted in multiple sib-
lings (31 paternal transmissions and 4 maternal trans-
missions) (table 4). In the remaining 60 pairs, the CTG
repeat contraction occurred as a single case within the
family. The observed number of sib sets in which multi-
ple sib members had the CTG repeat contraction was
greater than the number that we expected. For the
1,489 DM offspring, there were 968 DM parents. Thus,
the average number of DM offspring born to a DM
parent in our series was 1,489/968, or 1.54. Of the 968
DM parents, 595 had only one DM offspring, while
267, 78, 17, 8, and 3 DM parents had two, three, four,
five, and six DM offspring, respectively. The probabil-
ity that two of the two DM offspring of each of the 267
DM parents would have a reduced size of the CTG
repeat is .0642. Thus, .0642 X 267, or 1.09, sib sets are
expected to show both siblings with a reduced CTG
repeat size. The expected number of sib sets in which at
least two of the three DM siblings have a shorter CTG
repeat is [(.0642 X 3C2) + (.0643 X 3C3)] X 78, or .98.
Likewise, the expected numbers of sib sets in which
multiple siblings show a CTG repeat shorter than that
in the parent are 0.44, 0.35, and 0.20 for sib sets with
four, five, and six DM siblings, respectively. Thus, 1.09
+ 0.98 + 0.44 + 0.35 + 0.20, or 3.06, sib sets were
expected to have multiple siblings with a reduced num-
ber of CTG repeat in our DM study population. Even if
we deliberately overestimate the number to be 5.0 in-
stead of 3.06, the 16 sib sets observed in our study are
more than the expected number (X2 goodness of fit
= 24.6, df = 1, P < .001).

Discussion

The increasing size of the CTG repeats in successive
generations is considered to be the molecular basis for
anticipation in DM (Harper et al. 1992). Clinically, an-
ticipation has been a strikingly consistent phenomenon
in a large number of DM families (H6weler et al. 1989;
Ashizawa et al. 1992b). However, the CTG repeat size
does not always increase in successive generations of
DM families (Ashizawa et al. 1992a; Brunner et al.
1993b; Hunter et al. 1993; Lavedan et al. 1993a, 1993b;
Mulley et al. 1993; O'Hoy et al. 1993; Redman et al.
1993; Shelbourne et al. 1993). Characteristics of these
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Table 3

Cases in Which CTG Repeat Contraction Accompanied Earlier Onset in the Offspring Compared with the Parent

SIZE (kb) AND STATUS OF
CTG REPEAT

REPORTING SEX AGE AT ONSETa
CASE CENTER (parent/child) Parent/Childb Overlapc (parent/child)

1 ...... Barcelona M/M 3.0/2.0 Absent 20/11
2 ...... Barcelona F/F 3.5/2.5 Absent 25/9
3 ...... Barcelona M/F 2.5/2.0 Absent 23/18
4 ...... Barcelona M/M 2.5/1.5 Absent 23/9
5 ...... Barcelona F/M 7.0/4.0 Absent 12/0
6 ...... Cardiff M/M 1.6/1.2 Present 20-30/13
7 ...... Cardiff M/M 4.6/3.3 Present 37/21
8 ...... Cardiff M/M 1.0/0.5 Absent 40/22
9 ...... Cardiff M/F 3.0/2.2 Present 20-30/10-20
10 ...... Durham, NC M/F 2.0/Od Absent Adult/teens
11 ...... Durham, NC M/M 1.6/1.1 Present Adult/teens
12 ...... Durham, NC M/F 1.6/Od Absent Adult/childhood
13 ...... Durham, NC M/F 1.4/1.2 Present Adult/teens
14 ...... Durham, NC F/F 3.5/3.1 Absent Middle age/early adult
15 ...... Durham, NC F/M 5.3/3.5 Present Adult/childhood
16 ...... Durham, NC F/F 5.3/4.4 Present Adult/childhood
17 ...... Houston M/F 1.4/0.8 Absent 50/teens
18 ...... Houston M/F 1.4/0.8 Absent Asymptomatic/adult
19 ...... Houston F/F 5.2/4.5 Absent Adult/juvenile
20 ...... Marburg, Germany F/F E3/E2 Absent 43/28
21 ...... Marburg, Germany F/F E3/E2 Absent 35/22
22 ...... Marburg, Germany F/M E3/E2 Present 25/0
23 ...... Marburg, Germany F/M E3/E2 Present 27/6
24 ...... Marburg, Germany M/M E3/E2 Absent 20/14
25 ...... Nijmegen M/F 2.0/1.5 Present 37/14
26 ...... Nijmegen M/M 2.0/1.5 Present 37/12
27 ...... Rome F/M 6.0/4.2 Absent 20/12

a Numbers are years; "0" denotes congenital DM.
b E3 and E2 are the classes of CTG repeat size corresponding to 3.0 < 4.5 kb and 1.5 < 3.0 kb, respectively (Tsilfidis et al. 1992).
c In smear sizes of child and parent.
d No detectable expansion on a Southern blot (PCR data not available), but patient was symptomatic for DM.

cases have not been systematically studied. Our study
showed a CTG repeat contraction in 6.4% of 1,489
DM offspring. Approximately one half of these cases
showed clinical anticipation despite the reduced CTG
repeat size in the offspring. The most striking examples
were the two cases in which anticipation resulted in
congenital DM in the offspring with contractions of
the CTG repeat. We did not observe a single case in
which the age at onset of DM in the symptomatic off-
spring was later than the age at onset in the parent,
although Harley et al. (1993) recently reported three
such cases. A few exceptional cases are worth mention-
ing, however. In 3 of the 95 cases that have been re-
ported elsewhere (Brunner et al. 1993b; O'Hoy et al.

1993), the expanded paternal CTG repeat reverted to
the normal range in the offspring, and the offspring
were asymptomatic at or beyond the age at disease on-
set in the parent. Shelbourne et al. (1992) reported an-
other case in which there was a contraction of the DM
allele back to the normal range, and they contended
that such cases explain the nonpenetrance in this dis-
order. One of these cases showed evidence of gene con-
version (O'Hoy et al. 1993).
We expected that the CTG repeat contraction would

accompany a later onset of the disease in the offspring,
compared with that in the parent. The mechanism that
accounts for the unexpectedly frequent anticipation
and for the lack of its counterpart in our cases remains
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Figure I Relationship between the parental CTG repeat size
and the size of CTG repeat contractions. The intergenerational con-

traction of the CTG repeat size showed significant correlation with
the parental CTG repeat size (regression line "C"; r2 = .50, P < .001,
n = 95). When the correlations in paternal and maternal transmis-
sions were separately analyzed, there was a significant correlation
between the parental CTG repeat size and the size of the contraction,
both in paternal transmissions (regression line "P"; slope = -.62, r2

.61, P < .001, n = 76) and in maternal transmissions (regression line
"M"; slope = -.30, r2 = .52, P < .001, n = 19). The slope of the
regression line in paternal transmissions was steeper than that in ma-

ternal transmissions (t = 7.08, P < .001).

to be elucidated. However, we speculate that ascertain-
ment biases and somatic mosaicism of the CTG repeat
size may play an important role. Biases involved in
ascertainment of the age at onset may lead to a false
identification of anticipation. If the parent is not
known to be a DM heterozygote at the time of symp-

tom development but the offspring is known to be a

possible mutation carrier, medical and family vigilance
may result in earlier diagnosis in the offspring. An
ascertainment bias may also explain the paucity of cases

in which the offspring has a later age at onset than does
the parent. DM patients who produce offspring tend to
have a relatively late onset, with mild disease, because
severely affected DM patients with an early onset gener-

ally have a shortened life span and decreased genetic
fitness (Penrose 1948; Harper 1989). As a result, the age
of the offspring is frequently less than the parent's age

at onset, in a given study. In our series, we had 26 such
cases, in which the offspring still had a potential to
develop DM symptoms after reaching the parent's age

at onset. Thus, ascertainment biases can explain some

features of anticipation in association with the CTG

repeat contraction. However, ascertainment bias can-
not resolve why anticipation occurred more frequently
in maternal transmissions than in paternal transmis-
sions, among our cases with the repeat contraction.
Furthermore, the observed anticipation was rather
striking in many of our cases, despite the fact that the
repeat contraction prompted the investigators to rigor-
ously look for evidence of later onset in the offspring.
Thus, although the ascertainment bias exists in our
study, it is unlikely to totally account for the observed
anticipation.

Somatic mosaicism of the CTG repeat size may also
explain the frequent occurrences of anticipation and a
paucity of documented cases of its counterpart in the
intergenerational contractions of the CTG repeat. In
virtually all studies, including this study, the age at on-
set was correlated with the CTG repeat size in periph-
eral blood leukocytes. However, the size ofCTG repeat
differs between the affected tissues and peripheral
blood leukocytes (Anvret et al. 1993; Ashizawa et al.
1993; Lavedan et al. 1993b). Thus, the CTG repeat size
in affected tissues may increase while the repeat size in
leukocytes decreases. Comparisons of the CTG repeat
sizes in affected tissues of the parent-child pairs that
show the intergenerational repeat contraction in leuko-
cytes will be critical, since, if this is not the case and
clinical information is accurate, one must postulate the
presence of factors other than the CTG repeat size that
are sufficient, regardless of the CTG repeat size, to
cause anticipation in DM. For example, in the DNA
structures there may be changes associated with the
transmission of the expanded CTG repeat that are cu-
mulative in successive generations, and such structural
changes may occur independent of changes in the CTG
repeat size.
Among the cases with the CTG repeat contraction

observed in leukocyte DNA, anticipation occurred
more frequently in maternal than in paternal transmis-
sions, suggesting that some maternal factor was in-
volved in the pathophysiology of anticipation. Such a
maternal factor may selectively promote an increase of
the CTG repeat size in the skeletal muscle DNA of the
offspring while the repeat size in the leukocyte DNA
decreases. Alternatively, it may accelerate the disease
process and make the age at onset earlier, independent
of the degree of the CTG repeat expansion. The pres-
ence of such a maternal factor has been postulated in
the pathogenic mechanism of congenital DM (Koch et
al. 1991).
The sex of the affected parent plays an important
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Table 4

CTG Repeat Contractions within DM Sibling

Reporting
Sib Set Center Cases of DM Sibling with CTG Repeat Contractionsa

1 ....... Barcelona Father (2.7 kb) to 1 son (1.2 kb) and 1 daugther (.8 kb)
2 ....... Barcelona Father (2.0 kb) to 3 sons (1.5, 1.2, and 1.2 kb) and 1 daughter (1.5 kb)
3 ....... Barcelona Father (3.0 kb) to 1 son (1.8 kb) and 1 daughter (2.0 kb)
4 ....... Barcelona Father (3.0 kb) to 2 daughters (1.8 and 2.0 kb)
5 ....... Cardiff Mother (6.8 kb) to 1 son (4.3 kb) and 1 daughter (4.8 kb)
6 ....... Denver Mother (1.7 kb) to 1 son (1.3 kb) and 1 daughter (1.3 kb)
7 ....... Durham, NC Father (8.0 kb) to 1 son (5.0 kb) and 1 daughter (2.0 kb)
8 ....... Durham, NC Father (1.6 kb) to 1 son (1.1 kb) and 1 daughter (0 kbb)
9 ....... Durham, NC Father (5.3 kb) to 1 son (3.5 kb) and 1 daughter (4.4 kb)
10 ...... Houston Father (1.4 kb) to 2 sons (1.0 and .6 kb)
11 ...... Nijmegen Father (2.0 kb) to 1 son (1.5 kb) and 1 daughter (1.5 kb)
12 ...... Nijmegen Father (1.4 kb) to 2 sons (0.6 and .9 kb)
13 ...... Ottawa Father (1.5 kb) to 1 son (1.3 kb) and 1 daughter (1.0 kb)
14 ...... Paris Father (3.5 kb) to 2 daughters (2.9 and .9 kb)
15 ...... Paris Father (3.0 kb) to -1 son (1.9 kb) and 1 daughter (2.0 kb)
16 ...... Stockholm Father (5.2 kb) to 3 sons (.7, .7, and 1.3 kb)

NOTE.-There were 31 paternal and 4 maternal transmissions of the CTG repeats to sibling that had
repeat-size contraction.

a Numbers in parentheses are the size of the CTG repeat in each patient.
b No detectable expansion on a Southern blot (PCR data not available), but patient was symptomatic for

DM.

role in the determination of the CTG repeat size in DM
offspring. Congenital DM occurs mostly with maternal
transmission of the mutation, generally accompanied
by a large intergenerational increase of the CTG repeat
size (Tsilfidis et al. 1992; Redman et al. 1993). The size
of the parental CTG repeat shows an inverse correla-
tion with the intergenerational increase of the CTG
repeat size in paternal, but not in maternal, transmis-
sion (Cobo et al. 1993; Lavedan et al. 1993b; Mulley et
al. 1993; Ashizawa et al. 1994). As a result, the CTG
repeat size is seldom >1,000 repeats in paternal trans-
missions (Ashizawa et al. 1994). The lack of congenital
DM in paternal transmissions has been attributed to
this limited expansion of the CTG repeat (Lavedan et al.
1993a; Mulley et al. 1993). However, males do some-
times pass on expansions that, if they were transmitted
through the maternal line, would probably have led to
expression of congenital DM in the child. This is fur-
ther complicated by recent reports of congenital DM
with a large CTG repeat of paternal origin (Fischbeck et
al. 1993; Nakagawa et al., in press) and by the observa-
tions that a large expansion of a maternally transmitted
CTG repeat does not always result in congenital DM
(Tsilfidis et al. 1992; Abeliovich et al. 1993; Lavedan et

al. 1993b; Novelli et al. 1993a; Redman et al. 1993).
Nevertheless, the limited expansion of the CTG repeat
in paternal transmission appears to contribute to the
paucity of congenital DM cases in paternal transmis-
sions. In our series, the intergenerational contraction of
the CTG repeat occurred more frequently with paternal
transmissions than with maternal transmissions. Addi-
tionally, the size of the contraction correlated with the
parental repeat size, and the slope of the regression line
was significantly steeper in paternal than in maternal
transmissions. When the data of paternal and maternal
transmissions were calculated separately, the correla-
tion coefficient of each was greater than the overall
correlation coefficient. Thus, the paternal and maternal
transmissions appear to have distinct influences on the
intergenerational changes of the CTG repeat size in
DM. The mechanism of these parental origin effects is
unknown. One speculation is that the limited expan-
sion of the CTG repeat size around 1,000 repeats may
be due to a relatively stable DNA structure at this size
range. This may explain the tendency of the CTG re-
peat that is <1,000 repeats to expand while the repeats
larger than this limit tend to contract. There may be an
additional destabilizing maternal factor that allows the
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CTG repeats to further expand, increasing the probabil-
ity of congenital DM in the offspring. Alternatively,
there may be a paternal factor that restricts the expan-
sion and prevents the occurrence of congenital DM.
Although genomic imprinting is one of the mechanisms
that could explain the effect of the sex of the affected
parent in DM, methylation patterns do not differ in
offspring of maternal and paternal transmissions (Shaw
et al. 1993; Ashizawa et al. 1994), and the DM kinase
mRNA of paternal and maternal origins were equally
expressed Uansen et al. 1993).

In our patients, the mean size of the maternal CTG
repeat was significantly larger than that of the paternal
repeat. However, this may be due to a referral bias.
Diagnostic laboratories often receive congenital DM
cases in which most mothers have a relatively severe
disease. In contrast, collections of DM pedigrees for
research purposes tend to include an excess of asymp-
tomatic or mildly affected grandfathers (Harper 1989;
Brunner et al. 1993a; Harley et al. 1993). These biases,
however, do not explain the predominant occurrences
of the CTG repeat contractions in paternal transmis-
sions.
Our results showed that the cases with the CTG re-

peat contraction clustered within the sib sets more fre-
quently than expected. The mechanism of this phenom-
enon is also unknown. Further investigations of clinical
and molecular characteristics unique to these siblings
may provide clues to the genetic or environmental
mechanisms.
We conclude that (1) the paternal origin of the repeat

and the presence of the repeat contraction in a sibling
increase the probability of the CTG repeat contraction
and (2) apparent anticipation frequently occurs despite
contractions of the CTG repeat in leukocyte DNA espe-
cially in maternal transmission of DM, while ascertain-
ment bias contributes to this observation. These data
have important clinical implications, especially in ge-
netic counseling.
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