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Human chromosome region 15q11-g13 is one of the genomic
regions known to be susceptible to duplications, deletions,
and mutations resulting in neurodevelopmental disorders.
Some of the genes located in this chromosomal region are
subject to genomic imprinting resulting in sole paternal or
maternal expression, whereas other genes are biallelically
expressed. Consequently, depending on whether the maternal
or paternal allele is affected, disruptions in this region will result
in Angelman syndrome (AS) (maternal allele disruption),
Prader-Willi syndrome (PWS) (paternal allele disruption), or
15911-g13 duplication syndrome (dup15g) (most often
maternal allele duplication), each of which has its own distinct
clinical features [as reviewed by Kalsner and Chamberlain (1)].
The causative genes for these 15911-q13 disorders are
UBE3A for AS and most likely dup15q syndrome and MKRN3,
MAGEL2, NDN, NPAP1, SNRPN, and the small nucleolar RNA
genes for PWS; in most cases, however, the biallelically
expressed genes on this 15911-q13 locus —specifically those
encoding the gamma-aminobutyric acid A receptor (GABAAR)
subunits GABRB3, GABRAS5, and GABRG3—are also thought
to play a role in the phenotypic expression of these disorders.
Indeed, individuals carrying a deletion of the 15q11-q13 locus
in general show more severe clinical features compared with
individuals in whom uniparental disomy or point mutations in
the imprinted genes or imprinting region are causing the dis-
order. Regardless, there has not been a reliable measure to
assess the precise role of the GABAAR subunits in the phe-
notypes seen in the 15g11-q13 syndromes. In the current issue
of Biological Psychiatry, Frohlich et al. (2) introduce a tool for
genotype-phenotype correlations in 15q11-gq13 syndromes
and offer a set of biomarkers to assess the involvement of the
GABAAR subunits in these syndromes, focusing specifically
on AS.

AS is caused by either deletions or mutations in the
maternal allele that result in the loss of function of the UBE3A
gene. Seventy percent of individuals with AS carry a deletion of
the maternal allele at 15911-gq13, encompassing several
genes, including UBE3A, GABRB3, GABRA5, and GABRGS3
(here referred to as AS deletion), but 20% to 25% of individuals
with AS only carry a loss of function of the maternally inherited
UBESA gene either through point mutations or paternal uni-
parental disomy (here referred to as AS nondeletion). All in-
dividuals with AS irrespective of the genotype show clear
abnormal electroencephalography (EEG) patterns, a clinical
characteristic that has been proposed to be used as a
biomarker (3,4). It was more recently proposed that specifically

the rhythmic delta activity serves as a highly reliable preclinical
as well as clinical biomarker for AS (5). However, this was again
irrespective of genotype.

Frohlich et al. (2) used a large cohort of individuals with
deletion and nondeletion AS to measure and quantitatively
analyze EEG activity. In their analysis of the EEG measure-
ments, they corroborate the findings of Sidorov et al. (5),
showing increased delta power in the total AS cohort
compared with typically developing (control) children. Further
comparison between deletion with nondeletion AS reveals that
at a younger age the increase in delta power is more pro-
nounced in the deletion cohort, but this difference in delta
power between deletion and nondeletion AS disappears when
the children are older. Having the increased delta band in both
AS cohorts makes it likely that this phenotype is caused by
loss of function of UBE3A. Frohlich et al. (2) go one step further
by comparing the presence and abundance of other frequency
bands between deletion and nondeletion AS. They show that
there are clear differences in the theta and the beta band os-
cillations between deletion and nondeletion AS. Beta bands
are shown to be weaker in the deletion AS compared with the
nondeletion AS cohort, whereas theta bands show a clear
oscillation in deletion AS that is absent in the nondeletion AS
cohort. These results indicate involvement of other genes be-
sides the UBESA gene in the deletion AS group causing these
EEG patterns, for which the GABAAR subunit genes are the
most likely candidate.

Changes in the beta and delta band activity have also been
shown for dup15qg syndrome (6,7). Most cases of dup15q are
caused by duplication of the maternal allele [as reviewed by
Adam et al. (8)], resulting in duplication of the UBE3A as well as
the GABAAR subunit genes. Thus, the finding that these band
frequencies in dup15q syndrome are changed in the opposite
direction (i.e., increased beta power and decreased delta po-
wer) compared with deletion AS further supports the idea that
differences in expression level of UBE3A and the GABAAR
subunits are responsible for the differences in EEG patterns
specifically in these frequency bands. In addition, the abnormal
beta band activity seen in children with dup15q syndrome is
similar to the pattern observed after injection with benzodiaz-
epine and other positive GABAAR modulators, further nar-
rowing down the specific beta band power changes in EEG
measurements to the GABAAR subunit genes. Previously,
Frohlich et al. (7) compared the dup15qg syndrome group with
children with nonsyndromic autism spectrum disorder and a
group of typically developing control subjects and showed that
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specifically the beta band increased in the dup15q group
compared with both the autism spectrum disorder and the
control subject groups. Unfortunately, in the current Frohlich
et al. study (2), the beta band was not compared between the
individuals with nondeletion AS and the control subjects, nor
between the individuals with deletion AS and the control
subjects. Considering that this specific EEG pattern is thought
to derive from the hemizygosity of the GABAAR subunit genes,
individuals with nondeletion AS would be expected to show no
difference in the beta band compared with the control sub-
jects. This would be further evidence that this frequency band
would be a powerful biomarker when medically targeting the
GABAAR subunit specifically. Moreover, it would be interesting
to see whether individuals with PWS — also hemizygous for the
GABAAR subunits—show similar changes in the beta band.
Changes in EEG activity are not a characteristic clinical feature
of PWS; thorough studies of EEG activity patterns, such as
those done by Frohlich et al. (2), have not yet been performed
in PWS.

There is need for some caution in interpreting the results put
forward by Frohlich et al. (2). First, the average age of the
different cohorts is quite different, with the deletion AS group
(showing the biggest differences) being the youngest and the
control subject group being the oldest. In early childhood, slow
wave bands such as the delta frequency contribute signifi-
cantly to EEG patterns during wakefulness, but this declines as
the brain matures (9). Thus, as Frohlich et al. (2) also indicate, a
larger cohort with better age-matched control subjects is
required to further support their findings. In addition, because
delta phenotypes are stronger in children with AS at younger
ages and decrease with age (4,5), using the delta band fre-
quency as a biomarker (as opted by many different studies)
would be optimal during early childhood. Some caution is
warranted, however, because brain activity measured with
EEG is undergoing significant changes at this time point
because of brain maturation (as mentioned above). This could
make it difficult to interpret EEG measurements before and
after a certain treatment—depending, of course, on the time
course of the treatment.

Finally, as Frohlich et al. (2) mention, some patients were
taking medication during the EEG recordings, and some
medications act on the central nervous system. Frohlich et al.
do not find significant difference between the deletion and
nondeletion AS groups in the use of each type of medication,
indicating that this is not a confounding factor in their data. |
agree with that statement, but it would be interesting to see
whether there is a correlation with the type of medication and
EEG pattern in general in their data. In addition to this, in
general it would be interesting to see a phenotype-EEG cor-
relogram. How much of the differences in EEG patterns are
correlated with the severity of the phenotypes seen in children
with AS? Do the children with the most severe changes in EEG
pattern in the cohort used by Frohlich et al. (2) also have the
most severe clinical features? Previous studies have shown
that epilepsy severity did not correlate with EEG pattern (10).
How about correlation with other clinical features? Frohlich
et al. (2) have a beautiful data set to make a first attempt to find
such correlations, which possibly would open doors to other
potential biomarkers.

In conclusion, the work by Frohlich et al. (2) is an important in-
depth study showing the involvement of specific genes with
specific EEG brain activity patterns (a genotype—EEG correlation)
that sheds new light on the difference in phenotypes between
individuals carrying deletions or duplications in 15g11-q13 re-
gion compared with those in whom only the imprinted genes are
affected. This study has important implications for therapy
possibilities as well as potential biomarkers for not only AS, but
the whole spectrum of 15g11-q13 region syndromes.
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