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ABSTRACT
17p13.1-2 microdeletion syndrome is a congenital anomaly syndrome with
characteristic facial features and multiple malformations. The prevalence of
epilepsy with 17p13.1–2 microdeletion is low, with only one case reported for
late-onset spasms. Late-onset spasms is one of the rare epilepsy syndromes and
one of the developmental epileptic encephalopathies requiring urgent
treatment. We experienced two cases of 17p13.1-2 microdeletion syndrome,
one of which presented with epileptic spasms in cluster at 18 months of age. EEG
showed symmetrical hypsarrhythmia during interictal periods and a paroxysmal
fast wave superimposed on widespread slow waves during seizures, leading to
the diagnosis of late-onset spasms. Another case had no epilepsy. Comparing the
extent of deletion in the two cases with that of previous reports, the involvement
of the USP6 gene was suspected. However, the accumulation of additional case
reports is needed to confirm the genetic involvement in late-onset spasms.
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The 17p13.1 microdeletion syndrome is
a congenital syndrome with character-
istic facial features, including a flat face,
straight eyelid fissures, interocular seg-
regation, a broad nasal bridge and
backward-rotated ears as well as intel-
lectual disability, ocular hypertelorism
and coloboma, sacrocaudal skin de-
pression, scoliosis, accessory or
inverted nipple, pectus excavatum
and congenital heart disease [1]. There
are 16 previous case reports associated
with 17p13.1 microdeletion [2-8], three

of which are related to epilepsy; myo-
clonic epilepsy, focal epilepsy and late-
onset spasms (LOS). LOS is one of the
rare epileptic syndromes, affecting
about 3-5 per 10,000 live births, and is
a developmental epileptic encephalop-
athy that requires urgent treatment and
pathogenetic investigation [9]. Recent-
ly, the genetic pathogenesis of epilepsy
has been studied using methods, such
as comparative genomic hybridization
(CGH) array and whole-exome analysis,
and treatments for the causative
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pathology have been developed. This technique has
revealed microdeletions, such as 2q24.3, 5q14.3, 9p34,
etc., also related to the development of LOS [10].
The purpose of the present report was to describe
two further cases of 17p13.1-p13.2 microdeletion
syndrome.

Case studies

Written informed consent for publication was
obtained from the parents.

Case 1

The patient, a boy, was born at 41 weeks and six days
without fetal distress. His family history was unre-
markable. Immediately after birth, he displayed
abnormal eye movements. He was admitted to
hospital for a thorough examination at six months,
because he showed a lack of neck control, visual
fixation and severe developmental delay. He had a
peculiar facial appearance with telecanthus, strabis-
mus, a low nasal bridge, low-set ears and a high arched
palate. In addition, pectus excavatum, accessory
nipple, right-sided cryptorchidism and a sacrocaudal
dimple were observed. MRI of the brain at six months
showed underdevelopment of the frontal lobe and
global cerebral hypomyelination. Spinal MRI showed
a cutaneous depression in the sacrocaudal region
with no continuity with the spinal cavity. Sleep EEG
revealed vertex sharp transients and 14-Hz bilateral
spindles, without epileptiform discharges. Ophthal-
mological examination revealed bilateral myopic
astigmatism and a left choroidal coloboma. Chromo-
some G staining revealed 46, XY, inv (9) (p12q13),
which was thought to be a normal variation. At six
months of age, we performed CGH array (analysed
using 60K, Agilent Technologies SurePrint G3 Human
CGH array) to investigate a multiple malformation
syndrome and detected a 17p13.1–p13.2 microdele-
tion spanning about 3.03 Mb (chr17:4,537,516–
7,576,822) [hg19]. This region encompasses 116 genes.
The parents did not wish to be examined. At 18
months of age, the patient started showing a
movement which involved raising of both upper
limbs in clusters, mainly when drowsy, lasting
approximately 10-15 minutes. The patient showed
developmental arrest. EEG showed symmetrical hyp-
sarrhythmia during interictal periods both in wakeful-
ness and sleep (figure 1A). Ictal EEG revealed a
paroxysmal fast wave superimposed on widespread
slow waves (figure 1B), leading to the diagnosis of
LOS. Epileptic spasms were treated with antiseizure
drugs, such as valproate, topiramate and clobazam,
however, the patient remained refractory to treatment.

The abnormal eye movement was not associated
with any detectable scalp EEG change and continues
to persist at the age of three years.

Case 2

The patient, a boy, was delivered normally at a
gestational age of 41 weeks and five days, with a birth
weight of 3,140 g. Family history was unremarkable.
He was under observation at a public health centre
because of a lack of neck control at a four-month
check-up. At two years of age, speech andmotor delay
became apparent, and the child was admitted to our
hospital at two years and three months of age for a
close examination of developmental delay. The
examination revealed a peculiar facial appearance
with backward-rotated ears, high arched palate,
retrognathia and micrognathia, as well as amblyopia,
sacral dimple and mildly decreased muscle tone.
Cranial MRI findings at two years and three months
showed no evidence of structural abnormalities or
delayed myelination. Sleep EEG showed vertex sharp
transients and 14-Hz bilateral spindles, however, no
epileptiform discharges. At the age of 10 years, we
performed CGH array (analysed using 60K, Agilent
Technologies SurePrint G3 Human CGH array) to
investigate a multiple malformation syndrome and
detected a 17p13.1–p13.2 microdeletion spanning
about 1.31 Mb (chr17:5,931,990–7,247,070)[hg19]. This
region encompasses 16 genes. Fluorescence in situ
hybridization (FISH) on samples from both parents
showed no obvious deletion and his genetic alteration
was found to be de novo. No epilepsy developed
during the course of the disease.

Discussion

In this study, we report two cases with deletions in the
17p13.1–p13.2 region, both of which had characteristic
symptoms and findings in common but differed
significantly in terms of epilepsy. One patient had
LOS, while the other did not have epilepsy, suggesting
that the difference in the extent of deletion may play a
role in the development of LOS.
To our knowledge, 16 cases with deletions in the
17p13.1– p13.2 region have been reported as of 2020
[1]. Among them, five cases had deletions spanning
both 17p13.1 and 17p13.2. Three of the previously
reported cases had epilepsy. One case had focal
impaired awareness seizures, well controlled with
oxcarbazepine [1], and another myoclonic seizures,
controlled by valproic acid and lamotrigine adminis-
tration [5]. Komoike et al. reported a case of LOS in
which the extent of deletion was similar to that of our
Case 1, and proposed the following genes to be
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involved in the epilepsy:KCTD11/REN,GPS2,GABARAP
and DLG4/PSD95 [6]. The other two cases were not
described asdevelopmental andepileptic encephalop-
athy, at leastnotwitha treatment-resistant course [1, 5].
The locations of the deleted regions and epilepsy-
related genes in previous reports are shown in
figure 2 [1]. Affected genes that are common to the
case of Komoike et al. and our Case 1, not reported in
the other cases, are SLC25A11, INCA1, KIF1C, USP6,
and RABEP1. There are no reports showing an
association between these genes and epilepsy,
however, USP6 may be important for the develop-
ment of LOS. Ubiquitin-specific protease (USP) 6 is a
hominoid-specific protein deubiquitinase containing
Tre-2/USP6, BUB2, and Cdc16 and USP domains [11].
Its genomic location is prone to chromosomal
breakage and translocation events, as well as geno-
mic rearrangement, and USP6 is consequently down-
regulated. This rearrangement and down-regulation
may lead to intellectual impairment and aberrations
in social behaviour, such as intellectual disability and
autism spectrum disorder [12, 13]. Recent studies on
USP6 transgenic mice have shown that ubiquitination
of N-methyl-D-aspartate (NMDA) receptors is sup-
pressed in the cerebral cortex, and that USP6
overexpression leads to increased expression and
stabilization of NMDA receptors on the cell surface
[11]. Conversely, dysfunction of USP6 also leads to
the accumulation of neurotoxic substances, such as
glutamate [11]. In our Case 1, the USP6 gene deletion
may destabilize NMDA receptors, leading to the
repeated activation of NMDA receptors by excessive

accumulation of glutamate, a neurotoxic substance.
These mechanisms may be involved in the develop-
ment of epileptic spasms. The fourth case in the
study by Krepischi-Santos et al. [3] demonstrated a
deletion covering a larger region, including USP6,
however, this was a mosaic deletion and may not
have played a role in epilepsy.
The present report has limitations; it is based on
inferences from only two cases and does not allow for
definitive conclusions. The involvement of additional
genes cannot be ruled out because we did not
perform a comprehensive genetic analysis. However,
in the future, further case reports may provide
confirmation of the genetic involvement in LOS.

Conclusion

In the present study, we describe two further cases of
17p13.1–p13.2 microdeletion syndrome. We speculate
on the pathogenesis of LOS, considering the deletion
region in these two cases and previous reports. By
comparing the extent of the deletion with previous
reports, USP6 gene involvement is suspected. We
hypothesize that the decrease in NMDA receptor
expression and destabilization, and accumulation of
neurotoxic substances caused by the USP6 gene
deletion might be involved in the development of
LOS, however, owing to the small number of cases,
this hypothesis remains to be confirmed. Therefore,
further research is warranted, for instance, with the
use of USP6 knockout mice. &
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& Figure 1. EEG was performed using the international 10 20 electrode system, reformatted to longitudinal
bipolar montage; electromyography (EMG) electrodes were attached to the deltoid muscles bilaterally. (A)
At 18 months of age, interictal EEG during the awake state showed symmetrical hypsarrhythmia. (B) At 18
months of age, ictal EEG showed a paroxysmal fast wave superimposed on widespread slow waves that
appeared periodically, corresponding to the movement of raising both upper limbs. EMG revealed a
crescendo-decrescendo sequence with a diamond-shaped configuration associated with diffuse triphasic
slow waves. LDEL: left deltoid muscle; RDEL: right deltoid muscle.
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Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.

Acknowledgements and disclosures.
We express our thanks to the patients and their parents for their
support. This study was supported by Health and Labour
Sciences Research Grants on Rare and Intractable Diseases from
the Ministry of Health, Labour and Welfare, Japan (H26-
nanchitou-ippan-051, H29- nanchitou-ippan-010).
The authors declare no conflicts of interest.

References

1. Giordano L, Palestra F, Giuffrida MG, Molinaro A, Iodice
A, Bernardini L, et al. 17p13.1 microdeletion: genetic and
clinicalfindings inanewpatientwithepilepsyandcomparison
with literature. Am J Med Genet A 2014; 164A(1): 225-30.

2. Adam MP, Justice AN, Schelley S, Kwan A, Hudgins L,
Martin CL. Clinical utility of array comparative genomic
hybridization: uncovering tumor susceptibility in individuals
with developmental delay. J Pediatr 2009; 154(1): 143-6.

3. Krepischi-Santos ACV, Rajan D, Temple IK, Shrubb V,
Crolla JA, Huang S, et al. Constitutional haploinsufficiency of
tumor suppressor genes in mentally retarded patients with
microdeletions in 17p13.1. Cytogenet Genome Res 2009; 125
(1): 1-7.

4. Schluth-Bolard C, Sanlaville D, Labalme A, Till M, Morin I,
Touraine R, et al. 17p13.1 microdeletion involving the TP53
gene in a boy presenting with mental retardation but no
tumor. Am J Med Genet A 2010; 152A(5): 1278-82.

5. Schwarzbraun T, Obenauf AC, Langmann A, Gruber-
Sedlmayr Wagner K, Speicher MR, et al. Predictive diagnosis
of the cancer prone Li-Fraumeni syndrome by accident: new
challenges through whole genome array testing. J Med
Genet 2009; 46(5): 341-4.

3M

4.6 4.8 5.0

SLC25A11

INCA1

KIF1C
USP6

RABEP1

5.2 5.4 5.6 (Mb)

Komoike Y, et al.

Our patient 1

4,937,065/ /5,405,100

no episodes
of epilepsy

possible resion for the development of West syndrome

4M
17p13.3 17p13.2

17p13.2

17p13.1

Shlien A, et al. Patient 1
Shlien A, et al. Patient 2
Shlien A, et al. Patient 3
Shlien A, et al. Patient 4
Schluth-Bolard C, et al.
Zeesman S, et al. Patient 1
Zeesman S, et al. Patient 2
Krepischi-Santos ACV, et al. Patient 1
Krepischi-Santos ACV, et al. Patient 2
Krepischi-Santos ACV, et al. Patient 3
Krepischi-Santos ACV, et al. Patient 4
Schwarzbraun T, et al.
Giordano L, et al.
Komoike Y, et al.
Our patient 1
Our patient 2

5M 6M 7M 8M
A

B

& Figure 2. (A) Schematic representation of the genetic deletions in patients described in the literature. (B)
Enlargement of the region that may be involved in the development of late-onset spasms, and the possible
epilepsy-related genes within this region (modified from figure 5 in [1]).

N. Yamamoto, et al.

570 • Epileptic Disord, Vol. 24, No. 3, June 2022



6. Komoike Y, Shimojima K, Liang JS, Fujii H, Maegaki Y,
Osawa M, et al. A functional analysis of GABARAP on
17p13.1 by knockdown zebrafish. J Hum Genet 2010; 55(3):
155-62.

7. Shlien A, Baskin B, Achatz MIW, Stavropoulos DJ, Nichols
KE, Hudgins L, et al. A common molecular mechanism
underlies two phenotypically distinct 17p13.1 microdeletion
syndromes. Am J Hum Genet 2010; 87(5): 631-42.

8. Zeesman S, Kjaergaard S, Hove HD, Kirchhoff M, Stevens
JM, Nowaczyk MJM. Microdeletion in distal 17p13. 1: a
recognizable phenotype with microcephaly, distinctive
facial features, and intellectual disability. Am J Med Genet
A 2012; 158A(8): 1832-6.

9. Jia JL, Chen S, Sivarajah V, Stephens D, Cortez MA.
Latitudinal differences on the global epidemiology of
infantile spasms: systematic review and meta-analysis.
Orphanet J Rare Dis 2018; 13(1): 216.

10. Boutry-Kryza N, Labalme A, Ville D, de Bellescize J,
Touraine R, Prieur F, et al. Molecular characterization of a
cohort of 73 patients with infantile spasms syndrome. Eur J
Med Genet 2015; 58(2): 51-8.

11. Zeng F, Ma X, Zhu L, Xu Q, Zeng Y, Gao Y, et al. The
deubiquitinase USP6 affects memory and synaptic plasticity
through modulating NMDA receptor stability. PLoS Biol
2019; 17(12): e3000525.

12. Tentler D, Johannesson T, Johansson M, Råstam M,
Gillberg C, Orsmark C, et al. A candidate region for Asperger
syndrome defined by two 17p breakpoints. Eur J Hum Genet
2003; 11(2): 189-95.

13. Ou Z, Jarmuz M, Sparagana SP, Michaud J, Décarie JC,
Yatsenko SA, et al. Evidence for involvement of TRE-2 (USP6)
oncogene, low-copy repeat and acrocentric heterochroma-
tin in two families with chromosomal translocations. Hum
Genet 2006; 120(12): 227-37.

TEST YOURSELF

(1) What are the characteristic clinical features of 17p13.1 microdeletion syndrome?

(2) What is the incidence of 17p13.1 microdeletion syndrome, and how often are late-onset spasms associated with
the syndrome?

(3) What are the possible mechanisms involved in the development of late-onset spasms associated with 17p13.1
microdeletion syndrome?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.
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