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Evidence for anticipation in autosomal dominant
limb-girdle muscular dystrophy
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Abstract

Anticipation, an increase in severity or
decrease in age of onset (AO) inherent in
the transmission of the disease gene from
affected parent to affected child, has been
increasingly described in human disease.
To assess anticipation in a large kindred in
which autosomal dominant limb-girdle
muscular dystrophy (LGMD1A) is segre-
gating, age of disease onset was collected
from patient interviews of affected family
members. A total of 25 parent-offspring
pairs, in which the parents are three (3R),
four (4R), or five (5R) generations re-
moved from a common founding ancestor,
were available for analysis. Life table
analyses showed significant decreases in
age at first reported symptoms in the off-
spring of the 3R (3’=5.55, p=0.02) and 4R
(x’=7.81, p=0.005) parents. Pairwise
analyses confirmed this decrease with a
median decrease of 13 years in transmis-
sion to offspring from 3R parents and 18
years in transmission to offspring from 4R
parents. The finding of anticipation in this
pedigree suggests that the mutation in
LGMDI1A may be the result of the expan-
sion of an unstable trinucleotide repeat.
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The phenomenon of anticipation, where dis-
ease severity increases in the transmission of a
disease gene from parent to child, has been
described by clinicians in a variety of diseases.
Since disease severity is difficult to score,
anticipation has frequently been studied in
terms of an analogue of severity, disease age of
onset (AO). The earliest discussions of antici-
pation focused on schizophrenia' and myotonic
dystrophy (DM).?® However, Penrose® out-
lined a series of biases in data ascertainment
which could lead to the incorrect conclusion of
anticipation. Thus, the occurrence of anticipa-
tion was challenged and subsequently rejected
by geneticists.

The consideration of anticipation as a real
genetic phenomenon, although always argued
by clinicians to be legitimate, has recently been
revived following the discovery of the high cor-
relation of disease age of onset with expansion
of a trinucleotide repeat in myotonic
dystrophy,’ ° Huntington’s disease,” and re-
cently Machado-Joseph disease,’® among oth-
ers. These findings led us to investigate the
phenomenon of anticipation in a large family in

which an autosomal dominant form of limb-
girdle muscular dystrophy (LGMD1A; MIM
15900), linked to an approximate 2.5 Mb
interval on 5q flanked by D5S479 and
D5S594, is segregating.’

Materials and methods

FAMILY ASCERTAINMENT AND ASSESSMENT

The family (Duke 39) was originally ascer-
tained in 1984 through a single proband
attending the Duke University Medical Center
(DUMC) Muscular Dystrophy Association
Clinic who was diagnosed with limb-girdle
muscular dystrophy. The proband reported a
significant family history for LGMDI1A, and
the family was recruited for participation in
genetic linkage studies.”® "' All known affected
family members, regardless of disease severity,
were contacted for possible participation in the
study, and family ascertainment was continued
through all lines of affected subjects. All first
degree relatives (sibs and offspring) of affected
subjects were approached for participation in
the study. To date, 180 family members have
been examined. The branches of the family are
connected through a common ancestor born in
1836. The family has been followed clinically at
DUMC for over 10 years.

Limb-girdle muscular dystrophy in this fam-
ily segregates as an autosomal dominant
disease with age dependent penetrance. Sub-
jects are considered affected when clinical
examination shows a characteristic pattern of
muscle weakness, particularly weakness of the
pelvic and shoulder girdles, absent deep
tendon reflexes, and raised creatine kinase
blood levels."

Age of onset (AO) was determined by
self-report of clinically affected patients follow-
ing a consistently applied questionnaire docu-
menting common first symptoms, including
difficulty climbing stairs, raising hands above
the head, and lifting. Three subjects who were
obligate carriers reported themselves to be
asymptomatic. For these three people, AO was
considered to be age at examination, which is
an underestimate of AO.

When the pedigree is considered in aggre-
gate, AO data are available on 62 family mem-
bers. Of these 62, 40 are included in 25 parent-
offspring pairs on whom AO data are available
on both parent and offspring. Twenty-two of
the 62 subjects are not part of a parent-
offspring pair. The pairwise data consist of 13
pairs in which the parent is three generations
removed (3R pairs) from the common ances-
tor, 10 pairs in which the parent is four genera-
tions removed (4R pairs), and two pairs in
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Table 1 Sample characteristics and pairwise age of onset (AO) comparisons. All AO values are reported in years

3R* 4R 5R

No of affected patients reporting AOt 10 38 14

No of affected patients reporting AO as parents in pairs 8 9 1

Mean AO of parents (SD) 44.2 (14.49) 36.2 (10.9) —
Median AO of parents (in years) 38.5 38.0 —

No of affected patients reporting AO as offspring in pairst — 13 10
Mean AO of offspring (SD) 29 (7.9) 22 (6.5)
Median AO of offspring — 28.0 22
Mean decrease in AO of offspring (SD) 16.3 (12.0) 17.1 (8.7) —
Median decrease in AO of offspring§ 13.0 18 —

*The number of generations removed from the common ancestor.

1+Sum = 58; two patients reporting AO are in 6R.
$Sum = 20; two offspring are in generation 6R.
§Includes only parent-offspring pairs.

which the parent is five generations removed
(5R pairs) from the common ancestor. The
data include observations on five sib pairs.
These pairs are consequently non-
independent. No person in the pairwise dataset
is present as both a parent and an offspring.
The 22 affected subjects with known AO who
are excluded from the pairwise data either have
no offspring and AO data are unavailable on
their affected parent (n=5) or have no offspring
who are currently symptomatic (n=17); 15 of
these excluded subjects are in 4R and four are
in 5R. Summary sample characteristics regard-
ing age of onset are shown in table 1.

STATISTICAL ANALYSIS

Pairwise tests to assess AO differences between
generations were performed separately for the
13 3R and 10 4R parent-offspring pairs; insuf-
ficient data were available to test 5R pairs (two
pairs). The data from all 25 available pairs were
also pooled across all generations. As AO in
these family data are significantly not normal,
the non-parametric Wilcoxon signed rank test
was used to assess statistical significance.

ASSESSMENT OF BIASES OWING TO “EXCLUDED”
FAMILY MEMBERS

Two different strategies were used to test
whether the exclusion of the 22 affected
subjects with AO data but without parental or
offspring AO data would systematically bias
any conclusions.

(1) AO data on the subjects from 4R who
were a parent in a parent-offspring pair were
compared to the AO of the 15 non-paired sub-
jects from 4R, the only generation with a large
number of non-paired subjects reporting AO,
to test whether the non-paired subjects experi-
enced earlier AO (and presumably more severe
disease and thus were therefore less likely to
reproduce) than their “included” counterparts.
This test was performed using the Mann-
Whitney U test.

(2) AO data on all 38 affected subjects in 4R
were paired with AO data on all 14 affected
subjects in 5R to generate a total of 532
“parent-offspring” pairs, although the majority
of the relationships generated in this manner
are avuncular. Evidence for earlier onset in off-
spring than in parents was tested as described
above. Although this process does duplicate
some data (as pointed out by MclInnis ez al'?), it
does allow an assessment of the robustness of
the conclusions.

(3) Comparison of AO in all gene carriers in
the 3R, 4R, and 5R generations were per-
formed using life table analysis and evaluated
with the Wilcoxon test. For obligate, asympto-
matic gene carriers and affected subjects
unable to report AO, the age at last examin-
ation (ALE) was used as a surrogate for AO.
ALE will tend to underestimate the AO for
asymptomatic gene carriers. Similarly, ALE
will overestimate AO for affected subjects
unable to report an AQ. This test assessed
whether any significant results were because of
undetected, systematic exclusion of the sub-
jects from the parental or offspring groups.
Furthermore, this test assessed the overall
trend of the data across generations regardless
of whether affected family members were
paired.

All statistical analyses were performed using
the SAS statistical package.

DNA ANALYSIS AND RISK ASSESSMENT FOR
ASYMPTOMATIC FAMILY MEMBERS

All family members were genotyped using
standard methods'' for D5S594 and D5S479,
markers flanking the approximate 2.5 Mb
LGMDIA interval. Risk assessment for
asymptomatic, at risk family members was per-
formed by visual inspection of the haplotype
data and confirmed by computer assessment as
calculated with the assistance of the MLINK
module of the LINKAGE computer package."’
Under the assumption of no interference, the
probability for a double recombination event
leading to an at risk family member carrying
the LGMDI1A gene when the flanking markers
indicated otherwise is approximately (0.025) x
(0.025)=0.0006.

Results

All but three parent-offspring pairs showed
evidence for earlier onset in the offspring than
in the parent. Two parent-offspring pairs
reported identical onset ages and in one pair
the offspring onset was reported to be one year
later than parent onset. The median AO in the
3R parents is 38.5 years and in their 4R
offspring is 28; median AO in the 4R parents is
38 and in their 5R offspring is 22 years.
Evidence for anticipation is significant in 3R
pairs, the 4R pairs, and in the pooled dataset
(p=0.02, p=0.008, p=0.0006, respectively). In
3R pairs, the median decrease in AO is 13 years
and in 4R pairs the median decrease in AO is
18 years. The decrease in AO between
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two generations studied (3R and 4R parents
and their offspring) and when all available pairs
are pooled. The assessment of all possible
parental and avuncular pairs of 4R patients
! a4 with 5R offspring provides further support for
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Figure 1 Cumulative survival to patient reported age of onset of symptoms of limb-girdle
muscular dystrophy in all gene carriers for the 3R (3), 4R (4), and 5R (5) generations.

offspring of male transmitting parents and
female transmitting parents is non-significant
(p=0.195) and thus no evidence supporting an
imprinting effect was found.

Evaluation of the effect of excluding non-
paired patients showed a significant difference
in AO between paired 4R parents and non-
paired 4R family members (p=0.039), with the
non-paired family members reporting a
younger AO. However, five family members in
this generation are not symptomatic but are at
high risk of carrying the LGMDI1A gene.
When age at examination for these five subjects
is included as a surrogate for AO in the analy-
sis, the results are non-significant (p=0.136)
Additionally, the consideration of all possible
pairs of 4R family members with 5R family
members showed significant evidence for
anticipation (p<0.0001) suggesting that the
trend was significant regardless of the inclusion
of the non-paired subjects.

Joint comparison of the AO curves (fig 1)
using the Wilcoxon test in life table analysis
between all gene carriers in the 3R, 4R, and 5R
generations showed a significant decrease in
AO in successive generations (Wilcoxon test
statistic=11.22, p=0.004). When the analysis
was restricted only to those subjects reporting
AO, the conclusions are the same (Wilcoxon
test statistic=10.17, p=0.006).

Of the family members at risk to have inher-
ited LGMDI1A from an affected parent, 15
were identified to have inherited the IL9-
D5S178 interval segregating with the disease.
All 15 are at least eight years younger than the
reported AO of their parents (range 8-19 years
younger).

Discussion

The results of this study indicate evidence for
anticipation in LGMDI1A. The evidence is
consistent in the pairwise assessment across the

anticipation in this pedigree. This approach is a
conservative evaluation of the data since, under
the hypothesis of anticipation as a result of an
expanding trinucleotide repeat, one expects
varying onset ages within a sibship or among
avuncular relationships associated with the
extent of expansion. Furthermore, the trend of
anticipation in successive generations is upheld
regardless of whether the data are restricted
solely to parent-offspring pairs or to all gene
carriers.

Consideration of AO data within a single
large pedigree such as family 39 effectively
eliminates many of the potential underlying
biases in data ascertainment which can lead to
the incorrect conclusion of anticipation.’ For
instance, the careful, aggressive, long term fol-
low up of such a large family minimises the
possibility of selectively ascertaining only pairs
of subjects in whom the affected parent has late
onset or the affected offspring has early onset.
This approach also maximises the probability
of detecting “complementary pairs”™ in which
the parent has early onset but the child has later
onset, which would provide evidence against
anticipation.

One bias inherent in patient reported AO,
the tendency for children of affected parents to
notice signs of the disease earlier than a parent
noticed onset, is difficult to eliminate. This
type of bias represents one form of a cohort
effect. In principle, such earlier reporting by
affected offspring occurs because children are
“sensitised” to the existence of the disease in
the family. However, it is unlikely that such a
bias would occur consistently across this large
pedigree. Furthermore, the existence of the
disease has been well known in the family for
multiple generations, with even the most
elderly family members speaking about the
expression of the disease in their parents and
other relatives, suggesting that such a sensitisa-
tion would not be a phenomenon restricted to
recent, sampled generations in this pedigree.
Another type of cohort effect, whereby disease
diagnosis and detection may improve over gen-
erations, thereby lowering age at diagnosis in
affected patients, is unlikely to be a factor in
this study since the measurement is patient
reported onset of symptoms rather than age at
diagnosis.

Continued long term study of this family will
help to determine whether these results are
because of presently unobserved and unex-
plained ascertainment biases. Additionally, the
localisation of the disease gene in this
LGMDIA family to a region of approximately
2.5 Mb between D5S479 and D5S594° has
allowed the assessment of gene carrier risk for
people within this family. Examination of the
data provides no evidence that “complemen-
tary pairs™ exist but have not been ascertained.
When the clinicians are blinded to the genetic
risks, it is possible to follow the clinical course
of these high risk subjects over the ensuing
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years. This long term follow up will allow a
more careful assessment of age of onset within
this family, as well as the ability to correlate
patient reported age of onset with the onset of
clinically detectable signs and symptoms.

Are these AO phenomena unique to this sin-
gle LGMDI1A family? Autosomal dominant
LGMD is relatively rare and thus limited
information exists for comparison. However,
supporting evidence for anticipation in LGMD
is found in a dominant LGMD family reported
by Chutkow ez al.'* AO data are reported on
two parent-offspring pairs and in both cases,
offspring disease onset is earlier than parent
onset.

The evidence for anticipation in this pedi-
gree suggests the possibility that the mutation
in the gene leading to this muscular dystrophy
may be the result of the expansion of a
trinucleotide repeat (TNR). LGMDI1A, when
compared to other diseases with expanding
TNRs, is clinically more similar to myotonic
dystrophy, in which the unstable DNA se-
quence is in the 3' untranslated region, than to
Huntington disease’s, dentatorubropallidoluy-
sian atrophy, spinocerebellar ataxia, or
Machado-Joseph disease, each of which exhib-
its involvement of the brain (for example, ataxia
and chorea) and in which the unstable DNA
sequence lies within an open reading frame. In
view of the tremendous variability in AO within
this family, it is likely that other factors, possi-
bly genetic, act to modify disease onset age.
Elucidation of the major gene defect will give
further insight into the mechanism of anticipa-
tion and intergenerational differences in onset
age.
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