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ABSTRACT - We recently reported clinical anticipation in Japanese families
with benign adult familial myoclonus epilepsy (BAFME). However, it
remains unknown whether clinical anticipation is predominantly associated
with paternal or maternal transmission. We investigated the relation-
ship between gender of the transmitting parent and clinical anticipation
in nine BAFME families. Clinical anticipation regarding either cortical
tremor or generalised seizures was observed in all 12 parent/child pairs
(8 mother/child pairs and 4 father/child pairs). Moreover, a higher degree
of clinical anticipation was associated with maternal transmission than with
paternal transmission (p=0.03). Although a causative gene for BAFME still
remains unknown, our finding suggests that BAFME and diseases with
unstable expanding repeats, including those in non-coding regions, might
share a similar molecular mechanism because such diseases often show
clinical anticipation with maternal transmission.

Keywords: benign adultfamilial myoclonus epilepsy (BAFME), clinical antic-
ipation, maternal transmission

Benign adult familial myoclonus
epilepsy (BAFME) is an autosomal
dominant disease characterised
by cortical tremor and infrequent
generalised seizures. According to
electrophysiological studies, BAFME
manifests as cortical reflex myoclo-
nus (lkeda et al., 1990; Yasuda,

1991; Terada et al., 1997). BAFME
has been reported in the last two
decades to manifest with various
terms, such as cortical tremor
(Ikeda et al., 1990), BAFME (Yasuda,
1991), and familial adult myoclonic
epilepsy (Plasteretal., 1999) in Japan,
and familial cortical myoclonic
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tremor with epilepsy (van Rootselaar et al., 2005) and
autosomal dominant cortical tremor, myoclonus, and
epilepsy (Striano et al., 2005) in Europe.

Regarding the genetics of BAFME, Japanese families
were shown to demonstrate linkage to chromosome
8q (Plaster et al., 1999), whereas European families
demonstrated linkage to chromosomes 2p (Striano et
al., 2004) and 5p (Depienne et al., 2010). In addition,
a founder effect was reported in European families
(Madia et al., 2008), but not in Japanese families.
However, a causative gene for BAFME still remains
unknown.

There tends to be an increase in severity and decrease
in onset age with vertical transmission, aphenomenon
known as anticipation We recently reported early-
onset age of either cortical tremor or generalised
seizures, or appearance of generalised seizures in the
next generation in four BAFME families (Hitomi et al.,
2012). Our finding suggested that the triplet repeatis a
possible genetic abnormality associated with BAFME,
since aninverse proportional relationship between the
number of triplet repeats (genetic anticipation) and
onsetage of symptoms (clinical anticipation) has previ-
ously been reported for dentatorubral-pallidoluysian
atrophy (DRPLA) (lkeuchi et al., 1995), other autoso-
mal dominant cerebellar ataxias (Manto, 2005), and
myotonic dystrophy (Ashizawa et al., 1992), amongst
others. In triplet repeat diseases, the gender of the
transmitting parent has a significant effect on anticipa-
tion. Anticipation was predominantly associated with
paternal transmission in some polyglutamine diseases,
such as DRPLA (lkeuchi et al., 1995), but was pre-
dominantly associated with maternal transmission in
myotonic dystrophy (Ashizawa et al., 1992). If BAFME
shares a similar molecular mechanism with that of
triplet repeat diseases, clinical anticipation in BAFME
might also be affected by the gender of the transmit-
ting parent. Although our previous analysis showed
no clear relationship between clinical anticipation and
gender (Hitomi et al., 2012), this might have been due
to the small number of parent and child pairs studied.
To further this initial study, by adding additional five
families, we investigated the relationship between the
gender of the transmitting parent and clinical antici-
pation in Japanese patients with BAFME, which might
suggest a possible molecular mechanism for BAFME.

Materials and methods

Previously, we reported 4 BAFME families with clini-
cal anticipation (Hitomi et al., 2012). In this study, a
total of 9 Japanese BAFME families were investigated
corresponding to the 4 families previously reported
together with an additional 5 families. We retrospec-
tively identified 12 parent/child pairs (8 mother/child
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pairs and 4 father/child pairs) based on onset age
or appearance of cortical tremor and generalised
seizures across generations (table 7). Diagnostic crite-
ria for BAFME were adopted from our previous study
(Hitomi et al., 2011).

Clinical anticipation was defined as an earlier onset
age, by more than 10 years, of either cortical tremor
or generalised seizures, or appearance of these symp-
toms in the next generation. In order to further clarify
the degree of clinical anticipation, we graded the
clinical anticipation as follows: earlier onset of clinical
symptom in the next generation by 10-19 years (1+),
20-29 years (2+), and 30-39 years (3+). Families 1-4 in
table 1 were reported in our previous study (lkeda
etal., 2005; Hitomi et al., 2011; Hitomi et al., 2012). Many
of the parent/child pairs were directly interviewed or
examined by the authors, but some of them were indi-
rectly interviewed. These studies were performed as
part of the patients’ clinical evaluation in Kyoto Uni-
versity Hospital.

In order to evaluate effects associated with gender of
the transmitting parent, we compared the occurrence
ratio of clinical anticipation between father/child pairs
and mother/child pairs using the chi-square test. The
level of statistical significance was set at p<0.05.

Results

In total, 22 patients (10 men and 12 women, ranging
from 21 to 76 years) were investigated. Among them,
21 patients showed cortical tremor and 15 patients
showed infrequent generalised seizures. The onset
age of cortical tremor was from 15 to 59 years and
that of generalised seizures was from 19 to 62 years.
Giant somatosensory evoked potentials (SEPs) were
observed in 11 of 12 patients. Anticonvulsants, mainly
clonazepam and valproic acid, were administered for
the treatment of both cortical tremor and seizures.
These characteristics were relatively consistent with
our previous reports (Hitomi et al., 2011; Hitomi et al.,
2012).

Results are summarised in table 7 and figure 1. Among
12 parent/child pairs showing clinical anticipation, 8
were mother/child pairs and 4 were father/child pairs.
Clinical anticipation for cortical tremor occurred in 5 of
8 mother/child pairs and 3 of 4 father/child pairs (table 1
and figure 1A). With regards to generalised seizures,
clinical anticipation occurred in 5 of 8 mother/child
pairs and 3 of 4 father/child pairs. Clinical anticipa-
tion as new onset of generalised seizures in the next
generation occurred in 4 of 8 mother/child pairs and 1
of 4 father/child pairs (table 7 and figure 1B). Clinical
anticipation for both cortical tremor and generalised
seizures was observed in 4 of 12 parent/child pairs (2 of
8 mother/child pairs and 2 of 4 father/child pairs). There
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Table 1. Summary of parent/child pairs.

Clinical anticipation
Parent/child pair
Cortical tremor Generalised seizure
Family 1 mother/child 3+ 3
Family 2 mother/child - +*
Family 3 mother/child 2+ -
Family 4 mother/child - +*
Family 4 mother/child - +*
Family 6 mother/child 1+ -
Family 8 mother/child 1+ +*
Family 9 mother/child 2+ -
Family 2 father/child 1+ 1+
Family 3 father/child 2+ +*
Family 5 father/child 1+ -
Family 7 father/child - 1+

*: appearance of generalised seizure in the next generation.

1+: earlier onset of clinical symptoms in the next generation by 10-19 years; 2+: earlier onset of clinical symptoms in the next generation
by 20-29 years; 3+: earlier onset of clinical symptoms in the next generation by 30-39 years.

was no significant difference simply in the occurrence
rate of these parameters between mother/child pairs
and father/child pairs.

However, a higher degree of clinical anticipation, i.e.
i) onset of generalised seizures or ii) earlier onset age,
by more than two decades (2+, 3+), of either cortical
tremor or generalised seizures, was more frequently
observed in 7 of 8 mother/child pairs than in 1 of 4
father/child pairs (p=0.03) (table 7).

Discussion

In this study, we have further demonstrated that
clinical anticipation exists in the Japanese BAFME
families. In addition, a higher degree of clinical antici-
pation was more frequently associated with maternal
transmission than with paternal transmission. This sug-
gests that BAFME and diseases in which anticipation
predominantly associates with maternal transmission
might share a similar molecular basis. As mentioned
in the introduction, polyglutamine diseases, in which
anticipation is associated with paternal transmission,
show expansion of triplet repeats in coding regions.
On the other hand, myotonic dystrophy and other dis-
eases, in which anticipation is associated with maternal

transmission, also show expansion of triplet repeats
in non-coding regions. Taken together, BAFME and
diseases with unstable expanding repeats, including
those in non-coding regions, might share a similar
molecular mechanism. One reason why the causative
gene for BAFME has not easily been discovered in
the last two decades, despite extensive gene analy-
sis, could be the fact that it lies within non-coding
regions. Clinical anticipation was also observed, to
some extent, in the father/child pairs, which is at
least partially consistent with the fact that pater-
nal transmission was also observed in patients with
myotonic dystrophy of triplet repeat disease, despite
an unknown mechanism (Zeesman et al., 2002).

On the other hand, we could not find clear evidence
that clinical anticipation is associated with more severe
disease progression, since no clear inverse relation-
ship between onset age and symptom severity of
cortical tremor was found either in our pervious study
(Hitomi et al., 2012) or this study. Thus, clinical anticipa-
tion would largely appear to effectively lower symptom
threshold. However, this conclusion is limited by the
fact that severity of cortical tremor was evaluated at
differentages for each individual patient, because they
were diagnosed at different ages, thus the interval
between onset and diagnosis of cortical tremor was
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Figure 1. Onset age of both cortical tremor (A) and generalised
seizures (B) for each parent (X axis) and child (Y axis) pair.

For cortical tremor, anticipation was associated with both pater-
nal and maternal transmission, and earlier onset age of cortical
tremor by more than two decades occurred frequently in
mother/child pairs (A). Two of 8 mother/child pairs showed
exactly the same onset age, thus the data demonstrating mater-
nal transmission is presented based on 7 mother/child pairs with
different onset age. Regarding generalised seizures, anticipation
was associated with both paternal and maternal transmission,
and earlier onset age, by more than two decades, or onset of
generalised seizures frequently occurred in mother/child pairs
(B). (For one mother demonstrating maternal transmission, cor-
tical tremor started within the second decade of life, therefore
the onset age of the mother was plotted as 15 for convenience
[AD.

not considered. A prospective study is warranted to
further clarify this point.

There were some limitations in this study. First, the
number of parent/child pairs investigated was rela-
tively small. Therefore, we could not show a statistically
significant difference in the occurrence rate of clinical
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anticipation for cortical tremor or generalised
seizures. Second, our findings were based on only
clinical information and were not supported by
laboratory data. However, our findings were relatively
consistent, at least within the studied parent/child
pairs, thus an earlier diagnosis due to earlier recogni-
tion of symptoms could not fully explain our findings.
In addition, inappropriate treatment is also a possible
cause of earlier identification of the symptoms, since
life-threatening myoclonic status could occur after
the administration of gabapentin in a patient with
European BAFME (Striano et al., 2007). However, this is
not relevant to our study, because our patients were
not treated with gabapentin, but treated mainly with
clonazepam and valproic acid. Third, not all patients
underwent gene testing for DRPLA, however, the
diagnosis of DRPLA in the studied parent/child pairs
is highly unlikely because of the lack of cerebellar
ataxia or progressive cognitive impairment, as well as
the presence of so-called “giant SEPs”. Future gene
analysis may enable us to further understand this
apparent clinical feature more comprehensively. O
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