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ABSTRACT
Neonatal epilepsy, cerebellar dysgenesis and facial dysmorphisms may be
associated with de novo PACS2 missense pathogenic variants (EIEE 66) (OMIM
#618067). Here, we report a toddler boy with neonatal-onset seizures,
developmental delay with hypotonia, facial dysmorphisms and prominence of
the cisterna magna, mild inferior vermian and cerebellar hypoplasia. A next-
generation epilepsy gene panel revealed a known pathogenic PACS2 missense
variant, p.Glu209Lys, that was inherited from his mildly affected mother. We
describe the first PACS2 pathogenic variant to be inherited, expanding the
clinical spectrum, associated with a mild phenotype in the mother and a more
severe phenotype in her son, in keeping with previously reported descriptions.
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In 2018, Olson et al. reported 14 individ-
uals with the same de novo PACS2 gene
missense pathogenic variant, c.625G>A
(p.Glu209Lys), associated with develop-
mental and epileptic encephalopathy-66
(EIEE 66) (OMIM #618067)1. The pheno-
type consisted of neonatal intractable
focal to bilateral seizures, global devel-
opmental delay with hypotonia, beha-
vioural abnormalities with autistic
symptoms, dysmorphic features and
ophthalmologic defects. Brain MRI
showed cerebellar dysgenesis in most
patients. A subset of patients also had
extra-neurological manifestations, in-
cluding haematological and distal limb
abnormalities [1]. Since then, three
independent patients have been
reported, two carrying the same recur-
rent p.Glu209Lys missense pathogenic
variant [2, 3] and the third a novel de
novo c.631G>A (p.Glu211Lys) variant [4].

PACS2 (phosphofurin acid cluster sort-
ing protein 2 gene) encodes a multi-
functional protein expressed in the
brain including the cerebellum, in-
volved in nuclear gene expression
and pathway traffic regulation control-
ling endoplasmic reticulum mitochon-
drial communication [5]. PACS2 is also
involved in ion channel trafficking,
directing acid cluster-containing ion
channels to distinct subcellular com-
partments [6].
Here, we report on the same recurrent
missense p.Glu209Lys variant identified
by next-generation sequencing (NGS)
using anepilepsy genepanel in amother
and child. We performed the genetic
study “expecting” a KCNQ2 gene path-
ogenic variant, known to cause neonatal
autosomal dominant epilepsy, yet
results revealed a maternally inherited
PACS2 pathogenic variant. The affected
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mother with a mild phenotype had a son who, at seven
days after birth, manifested with repetitive focal to
bilateral seizures.
Recurrent missense pathogenic PACS2 variants might
thus also be associatedwith amild phenotypewithout
a reproductive disadvantage, allowing transmission.
Our findings expand the phenotypic spectrum of this
disease to include amild and transmittable formof the
disorder and confirm the occurrence of a PACS2
mutational hot spot in patients with PACS2-associated
phenotypes.

Clinical study

An 11-month-old male was the only child of non-
consanguineousparents, bornat termand followingan
uncomplicated pregnancy. At age seven days, he
presented with several focal seizures characterized by
staring, loss of contact, crying and apnoea with severe
cyanosis followed by a tonic and vibratory prolonged
phase. Phenobarbital (PB) treatment led to immediate
seizure remission. At age three months, seizures
recurred at home and in hospital where a polygraphic
video-EEGwas performed and seizureswere recorded.
The adjustment of the PB dose was sufficient to obtain
seizure control. Clusters of focal tonic to bilateral
seizuresrelapsedatfourandatninemonthswithsimilar
features.Phenobarbitalwassubstitutedbyvalproicacid
(VPA) andnitrazepamwith goodcontrol of the seizures
and global motor skills were delayed.
At three months of age, we examined the baby for the
first time, and noted diffuse severe hypotonia, poor
global general movements with occasional eye
contact and smiling. At nine months, he presented
with significant global psychomotor delay with
persistent hypotonia and he was unable to sit and
pick up objects. Recognition of familiar voices and
acquisition of non-verbal and verbal communication
skills were also severely delayed. At 12 months,
seizures relapsed again with VPA blood levels within
normal range, thus VPA and nitrazepam were
withdrawn and substituted with carbamazepine
(CBZ). At age 17 months, a formal neuropsychological
assessment using the Griffiths Mental and Develop-
mental scale showed a GQ (global developmental
quotient) of 94 consistent with moderate to severe
delay (motor scale score equivalent to eightmonths of
age; oculo-manual coordination score equivalent to
five months of age, performance score equivalent to
nearly six months of age; motor skills score equivalent
to eight months of age; personal/social skills score
equivalent to five months of age). At the last follow-up
visit at age 19months, the patient was still seizure-free.
Dysmorphisms included highly arched and sparse
broad eyebrows, long eyelashes, broad nasal tip,

smooth philtrum, thin and everted upper lip vermilion,
and down-turned corners of the mouth (figure 1A).
At one month of age, brain magnetic resonance
imaging (MRI) demonstrated prominence of the
cisterna magna, mild inferior vermian and cerebellar
hypoplasia (figure 1B).
Interictal EEG showed generalized slowing with
sporadic multifocal sharp waves. Several seizures
were recorded during long-term EEG monitoring
showing brief tonic stiffening and symmetric tonic
posturing accompanied by apnoea and cyanosis. Ictal
EEG showed focal rhythmic sharp waves and poly-
spike activity, predominant in the frontal regions and
alternating between sides from one seizure to the
next, rapidly spreading to become bilateral and then
generalized (figure 2).
The 37-year-old mother had three brief febrile tonic
seizures from a few weeks after birth up to age three
months. She was treated with PB for few years, and
medicationwas thenwithdrawn and since then she has
never had seizures. At age three months, she had a CT
scan, and several EEG recordings were reported to be
normal. During childhood, some learning disabilities
emerged; she did not pass secondary school examina-
tions, thus in lateadolescence, she left school towork in
a factory. At present, she leads an autonomous,
satisfactory and independent life. Upon careful evalua-
tion, mild dysmorphic signs, including synophrys,
highly arched and sparse broad eyebrows, long eye-
lashes,abroadnasal tipandathinevertedupperlipwith
down-turned corners of the mouth, were evident
(figure 1C).
An NGS panel of 220 genes associated with epilepsy
led to the identification of a PACS2 missense variant,
c.625 G>A, causing the amino acid change from
glutamic acid to lysine (p.Glu209Lys) in exon 6
(NM_001100913.2), also present in the mother. Sanger
sequencing (via polymerase chain reaction PCR) in
both individuals confirmed the presence of the
variant. This variant was previously reported in
patients with similar phenotypes [1], and was thus
considered pathogenic. Additional familial segrega-
tion of the variant showed that it was absent in the
proband’s maternal grandparents. NGS and Sanger
sequencing (child= 431 reads [229 ref / 202 alt];
mother= 410 reads [212 ref / 197 alt]) excluded the
hypothesis of somatic mosaicism in the mother.
Written informed consent for the use of photographs
and research findings were obtained from the family

Literature review

To date, only 16 patients carrying the de novo PACS2
recurrent missense variant, c.625G>A (p.Glu209Lys),
are on record [1-3], and one patient is reported
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Panel A : left frontal ictal discharge

Panel B : cyanosis, tonic phase with clonic asymmetrical limbs and mouth jerking end of seizure sleep

eyes open, awakening, lifting limbs up, trunk arching, eyes deviation to the left/up, tonic vibratory phase, and vocalization

& Figure 2. (A, B) EEG recording during one of the child’s typical seizures, lasting about two minutes,
showing the correlation between seizure semiology and epileptiform activity.

C

A Study TB
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& Figure 1. (A) Facial dysmorphisms of the proband showing highly arched and sparse broad eyebrows,
elongated eyelashes, a broad nasal tip, a smooth philtrum, thin and everted upper lip vermilion and down-
turned corners of the mouth. (B) T1-weighted brain MRI showing vermian and cerebellar hypoplasia on
longitudinal sequence and large cisterna magna on coronal sequence. (C) The mother’s facial
dysmorphisms included a broad nasal tip, smooth philtrum and thin and everted upper lip vermilion.
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harbouring a de novo pathogenic variant, c.631G>A p.
Glu211Lys [4]. Almost all patients (13/17) had neonatal-
onset seizures, global developmental delay, facial
dysmorphisms and cerebellar dysgenesis. Epilepsy
was reported to be refractory in infancy yet informa-
tion on long-term evolution were lacking except in
two patients who, at the age seven and 23 years, were
reported to be seizure-free without antiseizure
medications [3, 4]. Furthermore, a 26-month-old girl
carrying the c.631G>A variant, following neonatal-
onset refractory epilepsy, became seizure-free while
treated with carbamazepine [2].
Other signs were less frequently described, including
congenital heart disease (3/15 patients), ocular abnor-
malities with myopia and strabismus, and mild distal
limb anomalies, including fifth finger brachyclinodac-
tyly. Recently, a male adult with early infantile-onset
epilepsy and facial dysmorphisms, carrying the
Glu209Lys variant, was also reported to feature
iridal and choroidal coloboma, suggesting that PACS2
and related genes may be involved in ocular develop-
ment [3].

Discussion

Epilepsies beginning in neonates or infants encompass
a large group of disorders from self-limiting epilepsies
with good outcome to devastating disorders known as
epileptic encephalopathies, inwhich the infant or child
typically has several types of seizures and abundant
epileptiform activity on EEG, associated with develop-
mental slowing or regression that might follow seizure
onset. The spectrum of epilepsies, syndromes and
comorbid neurodevelopmental disorders has expand-
ed greatly in the latest decade and specific, aetiology-
based diagnoses can be very challenging [7-9]. Seizure
types, semiology and age at onset comprise important
clinical information, yet often insufficient to frame a
specific diagnosis and predict evolution and long-term
outcome. When confronting a neonate with seizures,
often with a tonic asymmetrical posture, and at times
clonic jerking, cyanosis and apnoea, several diagnostic
possibilities immediately spring to mind, from neuro-
metabolic disorders to other developmental encepha-
lopathies [10]. The evidence of a family history of
seizures might be significant information for the
diagnostic process and perhaps be informative of a
more benign disorder. The most frequent form of
familial neonatal epilepsy with or without develop-
mental delay is associated with a defect in the KCNQ2
gene [11-12]. Likewise, SCN2A pathogenic variants
might also be taken into account in the differential
diagnoses [12-13], whereas other gene variants, of e.g.
SCN8A and PRRT2, are usually associated with a later
age at onset [9, 14, 15]. Thus, we predicted that our

mother and child could carry a pathogenic variant in
one of these genes. The NGS epilepsy gene panel
instead revealed the missense recurrent pathogenic
PACS2 variant, p.Glu209Lys, in both themother andher
child. We carefully reviewed clinical signs and noted
their peculiar facial dysmorphisms, in addition to
cerebellar hypoplasia that is also a common feature
across patients reported in the literature. Our data and
the literature reports [1-4] show that dysmorphic
features, especially when associated with cerebellar
hypoplasia, play a key role in the recognition of PACS2-
related disorders.
Considering a total of 19 patients (17 from the
literature and the two cases presented here), 17 of
them (89.4%) had neonatal seizures occurring at a
mean age of nine days (range: 1 to 14 days). Only two
patients had later onset at around two months of age.
Seizures captured on EEG, fromour proband and from
previously reportedpatients [1], showafocalonsetwith
bilateral spread of discharge and alternating side of
seizureonset. Ictal semiologyatonset ispredominantly
focal motor with some autonomic signs including
cyanosis, tonic posturing at times, followed by a tonic-
clonic phase. Status epilepticus has also been reported
in some patients [1]. Data on treatment were available
for only sevenpatients (five patients from the literature
[1-4]plusour twocases); PBwasused infiveandallwere
seizure-free for a short period after which epilepsy
relapsed. At the time of seizure recurrence, during the
first year of live, different medications were used
including VPA, vigabatrin, levetiracetam and CBZ [1-4].
Phenobarbital, VPA andCBZwere reported as effective
medications leading to seizure control both in the
literature [1-4] and in our proband and his mother. The
epilepsy appears to bemore active anddifficult to treat
in infancy with improvement after the first year of life.
Data from older patients suggest that epilepsy might
resolve in late infancy or early childhood. Indeed, there
were at least four patients in whom antiseizure
medications were withdrawn without seizure recur-
rence including the mother of our proband.
Taken together, these data also suggest that when
considering specific medication efficacy, the age at
whichseizurecontrolwasobtained is important since it
could be related to the evolution of the disorder rather
than the type of medication last introduced. These
observations need to be further evaluated in a larger
cohort.
Thus, we report the first case of an inherited
pathogenic PACS2 gene variant with the novel finding
of a very mild phenotype in the mother, with only
three seizures in infancy, borderline-to-mild intellec-
tual disability, not adversely affecting her social life, a
degree of independency and able to have children.
She transmitted the pathogenic variant to her child
who, at age 19 months, presented with a more severe
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phenotype with further seizures and moderate
developmental delay, leading to deficits in both
motor function and cognition.
In conclusion neonatal epilepsy, facial dysmorphisms
and cerebellar dysgenesis represent the hallmarks of
PACS2-related disorder. Pathogenic variants may be
associated with mild phenotypes and inherited, with
relevant implications for appropriate genetic
counselling. &

Supplementary material.
Summary slides accompanying the manuscript are available at
www.epilepticdisorders.com.
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TEST YOURSELF

(1) What is the aetiology of neonatal epilepsies?

(2) What features are associated with PACS2 gene mutations?

(3) Are pathogenic variants of genes causing early-onset developmental epileptic encephalopathies always
associated with a severe phenotype?

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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