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CO-OCCURRENCE OF 16P13.11
MICRODELETION AND RING CHROMOSOME 20
SYNDROME

A previously healthy 16-year-old girl of Jamaican
descent presented with a 1-year history of progressive
daytime somnolence, sleep attacks (sudden irresistible
episodes of sleep), and paroxysms of altered level of
consciousness. Her parents also reported irritability,
mood lability, and hyperphagia. Her history was
notable for a mild learning disability diagnosed at 9
years of age. Before symptom onset, she attended reg-
ular class at school with average academic perfor-
mance and was independent in instrumental
activities of daily living. On examination, she was
normocephalic and nondysmorphic and had no focal
neurologic deficits.

MRI brain was interpreted as within normal lim-
its. EEG demonstrated periods of diffuse, frontally
dominant, semirhythmic delta and theta complexes
with sharply contoured morphology (figure, A).
These periods were associated clinically with
decreased responsiveness and drowsiness. Episodes
lasted from 10 to 90 minutes and recurred numerous
times throughout the daytime. Initially, episodes
occurred once or twice daily, but they increased in
frequency over time to an average of 5 times a day. In
between episodes, EEG background was normal. The
patient was no longer able to attend full days at
school, although she remained independent in instru-
mental activities of daily living.

Conventional G-banding karyotyping of periphe-
ral blood (figure, B) showed an apparently balanced
karyotype with mosaicism for a ring chromosome 20
[r(20) (p13q13.3)]. Fluorescence in situ hybridiza-
tion (FISH) with 20pTel/qTel probes (Cytocell,
Cambridge, UK) showed a fusion signal on the ring
(figure, C) consistent with the absence of terminal
deletion(s). The red and green signals contributing
to the fusions were examined carefully, and their pat-
terns were not suggestive of a complex rearrangement
at the fusion site. In total, 23 of 139 (16.5%) meta-
phases had a ring; 1 cell had a double ring and loss of
the ring was not observed. Genomic microarray anal-
ysis using the 4 3 180K Oligonucleotide Array plat-
form (Agilent Technologies, Santa Clara, CA) did not

detect imbalances on chromosome 20 (probes span-
ning genomic coordinates chr20:8,741-62,379,037
[hg18]), which corroborated the subtelomeric FISH
results. However, a 931-kb deletion at 16p13.11 was
identified (nucleotide positions 15,507,164 to
16,438,224; hg18). Additional FISH using clone
RP11-585P8 confirmed the deletion at 16p13.1 in
200 interphase nuclei and 13 metaphases, with 3
metaphases showing both the r(20) and the hemizy-
gous interstitial 16p13.11 deletion. Neither of the
patient’s parents had the ring chromosome or the
16p13.11 microdeletion.

Discussion. Ring chromosome 20 is a genetic syn-
drome characterized by a childhood- or adolescent-
onset epileptic encephalopathy in a previously
developmentally normal child.1,2 Since its original
description in 1972, more than 100 cases have been
reported.1 Ring chromosome 20 is usually sporadic,
with no ethnic or sex predilection.3

Epilepsy is an almost invariant feature of r(20) and
is usually medically refractory.1–3 Complex partial
seizures arising from the frontal lobes are the most
common seizure semiology and frequently present as
nonconvulsive status epilepticus. Nocturnal frontal
lobe seizures with tonic posturing, hyperkinetic be-
haviors, or subtle arousal-like behaviors are well
described.1–3

Cognition is usually normal before the onset of
seizures but regresses in proportion to the severity
of the epilepsy and can become markedly impaired.1

Behavioral changes have also been reported.3 Ring
chromosome 20 is only rarely associated with dys-
morphic features, and these are usually subtle.1–3

Conventional structural MRI is usually normal.2,3

In the interictal EEG, background may be normal to
mildly slow and there may be focal interictal epilep-
tiform discharges, often in the frontal brain regions.
Epileptiform activity may be activated in sleep. The
ictal EEG demonstrates diffuse, frontally predomi-
nant slow waves with intermixed spikes or sharp
waves, creating a distinctive notched appearance.1–3

In patients with mosaic r(20), the extent of mosa-
icism in lymphocytes is variable and has been corre-
lated with age at epilepsy onset and epilepsy
severity.1,4 As in all mosaic disorders, the degree of
mosaicism in other tissues such as brain may not be
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accurately reflected by blood levels. It is possible that
such tissue-specific mosaicism, particularly as it re-
lates to brain, may also contribute to the variable
expressivity of this disorder.

Patients with r(20) fall into 2 groups, namely
those with and without accompanying chromosome
20 telomeric deletions. The patients with deletions
can be detected with microarray if the level of mosa-
icism is high enough to detect copy number change
on the microarray platform.4 Those without deletions
require conventional cytogenetic procedures such as
G-band analysis for diagnosis. At least 50 cells, and
potentially up to 100 cells, may need to be analyzed
to detect low-level mosaicism for the ring.3

In our reported patient, the absence of detectable
subtelomeric DNA loss on microarray is consistent
with the subtelomeric FISH results that did not show
evidence of a deletion. However, our patient had a low
degree of mosaicism r(20) in blood (16.5%), which is
near the limit of detection of mosaic copy number var-
iations by this microarray platform (10%–20%).
Therefore, the presence of a small mosaic deletion dis-
tal to the subtelomeric FISH probes cannot be ruled
out. In addition, karyotype is derived from dividing

lymphocytes, whereas DNA for microarray is obtained
from all nucleated white blood cells, with neutrophils
normally representing the most predominant cell type
and thus the DNA source. It is theoretically possible
that the ring is absent or at a lower level of mosaicism
in neutrophils and thus that the ring was underrepre-
sented on the microarray compared to the karyotype,
precluding the identification of copy number changes
in the mosaic ring chromosome.

The etiology of epilepsy in r20 syndrome has not
been elucidated. The CHRNA4 and KCNQ2 genes,
both associated with autosomal dominant epilepsy
syndromes (nocturnal frontal lobe epilepsy and
KCNQ2-related epilepsy syndromes, respectively),
are both located at the 20qter. It has been postulated
that the epilepsy in r20 may result from abnormal
regulation of these genes due to positional effects
from the ring, such as silencing from tandem repeats
of telomeric DNA.5

16p13.11 is a newly described genomic hotspot for
deletions and duplication. Deletions at 16p13.11 are
associated with schizophrenia, autism, mental retarda-
tion, attention-deficit/hyperactivity disorder, and plei-
omorphic epilepsy phenotypes.6 This locus has

Figure EEG and cytogenetic studies

(A) Referential montage (Pz reference) demonstrating frontal theta frequency activity evolving into 3- to 4-Hz frontal, sharply contoured, semirhythmic slow
waves. This pattern was associated with alteration of consciousness and drowsiness. (B) Karyotype demonstrating mosaicism of ring chromosome 20; some
cells have the ring chromosome, whereas others have 2 normal chromosomes 20 (arrows). (C) Fluorescence in situ hybridization (FISH) with 20pTel/qTel
probes (Cytocell, Cambridge, UK) showed a fusion signal on the ring suggestive of absence of terminal deletion(s).
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recently been suggested as the single most prevalent
genetic risk factor for epilepsy identified to date.6

There does not seem to be an ethnic predisposition.6

One large European series of 3,812 patients with epi-
lepsy (focal and generalized) and 1,299 healthy con-
trols found the prevalence for the 16p13.11 deletion in
patients with epilepsy to be 0.6%.6 Some cases of
16p13.11 appear to be de novo; in inherited cases,
parents seem to be unaffected by epilepsy, suggesting
a role for modifier genes or environmental factors.6

Epilepsy phenotypes, including treatment response,
are highly variable.6 Various congenital anomalies,
microcephaly, and cortical malformations have been
described but are not consistent or obligate.6 There
seems to be a common deletion size in patients with
epilepsy harboring the 16p13.11 deletion spanning a
number of genes, including NDE1, MYH11, ABCC1,
and ABCC6.6 NDE1 interacts with the LIS1 gene,
which is implicated in neuronal migration, making it
a logical candidate gene7; however, 1 study examining
cortical pathology in NDE1 haploinsufficiency failed
to demonstrate any gross cytoarchitectural changes in
the cortex in a series of patients with epilepsy.7

Our case serves to highlight 2 very important
chromosomal anomalies associated with epilepsy that
happen to coincide in the same patient. Our patient’s
unique epilepsy phenotype, including subclinical sta-
tus epilepticus and the specific appearance of the ictal
EEG, closely fits the ring chromosome 20 phenotype,
and our ability to diagnose her correctly was rooted in
her neurologic presentation. It is, however, possible
that the 16p13.11 deletion is acting as a disease mod-
ifier and influencing the severity of her epilepsy. This
case highlights the need to perform G-banded kary-
otype in children with intractable epilepsy not easily
explained by small genomic deletions or duplications.
It also exemplifies the increasing recognition of mul-
tiple genetic lesions interacting to determine pheno-
type in a single patient with epilepsy.
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