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Abstract

Objective: PCDH19-related epilepsy occurs predominantly in girls and is caused
by pathogenic variant of the protocadherin-19 gene. The initial seizures usually
develop in association with fever, begin on average at 15 months of age, and often
occur in clusters. Autistic symptoms, intellectual disability, and sleep disturbance
are often associated.

Methods: In our retrospective, multicenter study, we reviewed clinical data of
nine children with epilepsy genetically confirmed to be associated with PCDH19.
Results: In the Hungarian patient population aged 0-18years, the prevalence
of PCDH19-related epilepsy was found to be lower (1/100000 live births in fe-
males) than the reported international data (4-5/100000 live births in females).
Four of our nine patients had positive family history of epilepsy (cousins, sister,
and mother). We assessed brain anomalies in three patients (in one patient focal
cortical dysplasia and left anterior cingulate dysgenesis, and in two children right
or left hippocampal sclerosis) and in another three cases incidentally identified
benign alterations on brain MRI were found. The first seizure presented as a clus-
ter in seven out of nine children. In seven out of nine cases occurred status epi-
lepticus. Six out of nine children had autistic symptoms and only one child had
normal intellectual development. Seven of our patients were seizure free with
combined antiseizure medication (ASM). The most effective ASMs were leveti-
racetam, valproate, and clobazam.

Significance: The prevalence of PCDH19-related epilepsy is presumably under-
estimated because of the lack of widely performed molecular genetic evaluations.
Molecular genetic testing including PCDH19 pathogenic variants is recommended
for female patients with an onset of seizures before the age of 3years.
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1 | INTRODUCTION

PCDH19-related epilepsy is caused by mutations in the
protocadherin-19 gene, more than 150 different patho-
genic variants have been identified." The PCDH19 gene
pathogenic variant was described in 2008 by Dibbens et al.2
Kolc et al.! confirmed de novo mutation in half (50.2%) of
their 271 patients. The protocadherin-19 gene is located on
chromosome Xq22.1; therefore, the disease is mostly found
in girls. First Depienne et al.’ reported PCDH19 gene
pathogenic variant in a male patient. There are about 20
reported cases of males, usually with predominant psychi-
atric symptoms.* The PCDH19 gene is currently in the top
10 list of epilepsy genes.? According to Symonds et al.,* this
is the sixth most common gene regarding the etiology of
epilepsy that begins before the age of 3years.

PDCH19-related epilepsy is a rare syndrome, the esti-
mated prevalence is 4-5/100000 live births of girls.

The protocadherin-19 protein is a member of the cad-
herin superfamily, the §2-protocadherin family, itis a trans-
membrane glycoprotein and its main role is to produce
calcium-dependent cell-cell adhesion. Protocadherin is
expressed in 19 different tissues, mainly in the limbic sys-
tem (amygdala, hippocampus) and cortex of the central
nervous system. The gene plays a crucial role in the forma-
tion of neuronal and synaptic connections, cell adhesion,
and cell migration during brain development.’

Researchers have identified pathogenic variants in
the PCDH19 gene in conditions such as Dravet syn-
drome, Febrile Seizure Plus syndrome, Early Infantile
Epileptic Encephalopathy, Migrating focal seizures, West
syndrome, and Lennox-Gastaut syndrome.®® They have
also described pathogenic variants of the PCDH19 gene
in non-epileptic disorders such as Asperger syndrome, au-
tism spectrum disorder, and schizophrenia.”'

Dravet syndrome is due to the pathogenic variants of
the sodium channel gene in 70%-80% of cases, but patho-
genic variant of PCDH19 gene was found in nearly half of
SCN1A-negative cases."’

The clinical symptoms of PCDH19-related epilepsy
and Dravet syndrome overlap. Table 1 shows the charac-
teristics of these two diseases. The table was created on
published data of original articles and reviews."' ™"

2 | PATIENTS AND METHODS

In our retrospective study, we reviewed data on patients
diagnosed with and treated for PCDH19-related epilepsy
in Hungary. Data collection was conducted during 2022.
We included patients in whom the pathogenic variant of
the PCDH19 gene was confirmed by molecular genetic
testing. We collected gender, age, familial and perinatal

Key points

« PCDHI19-related epilepsy is attributed to a path-
ogenic variant in the protocadherin-19 gene,
predominantly affecting females.

« In our retrospective study, we gathered
data from all Hungarian patients diagnosed
with genetically confirmed PCDH19-related
epilepsy, encompassing a total of nine patients.

« We observed a higher prevalence of
epileptic family history and structural brain
abnormalities in these patients compared to
previous publications.

« The prevalence of PCDHI19-related epilepsy

is likely underestimated due to the limited

availability of widely conducted molecular
genetic evaluations.

Molecular genetic testing, including screen-

ing for PCDH19 pathogenic variants, is recom-

mended for female patients who experience
seizure onset before the age of 3years.

history, psychomotor development (motor, speech and
intellectual development, autistic symptoms, sleep distur-
bance) before and after the diagnosis of epilepsy, history
of epilepsy (age at the time of the first seizure and its type,
cluster and/or status epilepticus, presence of possible pro-
voking factors, frequency of convulsions), neurological
status, EEG and brain MRI findings, antiseizure medica-
tion (ASM), and its efficacy.

3 | RESULTS

A total of nine girls with PCDH19-related epilepsy are
being followed up by Hungarian pediatric neurologists in
seven neuro-pediatric centers.

3.1 | Perinatal history

The nine children had a mean birth weight of 2942 g (2140-
3340g), a mean gestational age of 38 weeks (34-40weeks),
and an Apgar score of 9/10. One girl was born premature
(week 34), and perinatal adaptation was normal.

3.2 | Family history

In five of nine patients, the family history showed positive
for seizures or epilepsy. Patients 7 and 8 were first cousins;
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TABLE 1 Clinical presentation of Dravet syndrome and PCDH19-related epilepsy (+ slightly, ++ moderately, +++ very characteristic).

Prevalence

Gender (female)

Epilepsy in family history

Normal psychomotor development before the onset of seizures
Age at the first seizure (months)

Cluster seizures

Prolonged seizures (>5min)

Status epilepticus

Myoclonic, clonic, atonic, absence seizures
Photosensitivity

Provoking role of fever

Abnormality on first brain MRI

Intellectual disability after the onset of seizures

Motor development delay after the onset of seizures

Dravet syndrome

PCDH19-related epilepsy

1/16000 4-5/100000 (female)
+ +++
+ +
+++ +++
2-16 6-36
+ +++
+++ +
+++ ++
+++ +
+++ +
+++ +++
+ +
+++ ++
+++ +

their fathers were brothers and both tested positive for
PCDH19. Their paternal grandmother had benign epilepsy
in her childhood, but she was not tested for the PCDH19
gene. The mother of patient 2 had been treated for epi-
lepsy since toddlerhood, and her molecular genetic testing
also confirmed a pathogenic variant of the PCDH19 gene.
The brother and maternal grandparents were also tested
and found negative for PCDH19. The cousin of patient 5
also received ASM in her childhood for an unknown type
of epilepsy (not tested for PCDH19). The sister of patient
6 had a secondarily generalized seizure of focal origin as-
sociated with febrile enteritis at the age of 6. EEG exami-
nation showed focal interictal epileptiform abnormalities.
She was 13years old during data collection and had been
seizure free since then. She had special educational needs
but was not tested for PCDH19.

3.3 | History of epilepsy

The average age of the patients at the time of the study
was 9.9years (range 4.1-24.2+7.1 SD). The average age
at the onset of seizures was 15months (range 5-22+6.6
SD). The first convulsions occurred in clusters in seven
of nine children. The first seizure began focally in five of
nine cases and became secondarily generalized in four
cases. Four patients had fever and two had subfebrility
at the onset of the first convulsion. One child received a
meningitis B vaccine on the day of the first convulsion.
The second convulsion/cluster recurred after an average
of 2.1 months (range 0-10), and one child had a recurrent
episode after a few hours. In three children, convulsions

occurred in clusters each time. Seven of the nine children
developed status epilepticus at least once (Table 2).

3.4 | Results of EEG examination

The first EEG examination found bilateral paroxysmal
epileptiform discharges with frontal dominance in six
patients. The first EEG showed no abnormalities in three
cases. Repeated EEGs in two patients with initially normal
results remained negative. In the third child with initial
normal brain activity, the EEG became positive after
2months, showing a left posterior ictal pattern.

3.5 | Results of brain MRI

The first brain MRI was performed at an average age of
20 months (range 5-48 months). In three of the nine cases,
the following abnormalities were detected: (1) focal cor-
tical dysplasia and left anterior cingulate dysgenesis, (2)
right hippocampal sclerosis, and (3) left hippocampal scle-
rosis. In another three cases, the MRI revealed ventricular
asymmetry, widened extracerebral liquor space, and sep-
tum pellucidum cyst/cavum vergae (Table 2).

3.6 | Psychomotor development after the
onset of epilepsy

The intellectual development was age-appropriate only
in one patient, and the speech development was adequate
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TABLE 2 Age at the time of the first and second seizures, clinical description of seizures, and brain MRI results of nine children with PCDH19-related epilepsy.
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Abbreviations: FCD, Focal cortical dysplasia; HS, Hippocampal sclerosis.

only in three patients. Autistic symptoms were observed
in two thirds of our patients (Table 3).

3.7 | PCDH19 pathogenic variants and
genotype—-phenotype correlations

Five of our nine patients had a missense mutation; all
of them had delayed intellectual development, and four
also had delayed speech development. Two girls with
frameshift mutations had delayed intellectual and speech
development along with autistic symptoms. Only the
patient with a stop-gain mutation had normal motor,
intellectual and speech development, and no autistic
symptoms.

Among the five patients with missense mutations,
three girls had a confirmed proline-leucine amino
acid change. All of them experienced delayed speech
and intellectual development. Patients 7 and 8, who
were cousins, shared the same pathogenic variant
(c.1031C>T (p.Pro344Leu)). The father of patient 8
had the same pathogenic variant (the father of patient
7 was not genetically tested). Patient 2 and her mother
both had the same pathogenic variant (c.208_209insG,
(p-His70Argfs*19)).

3.8 | Antiseizure medication and its
effectiveness

Seven patients were seizure free on ASM. The
average seizure-free period was 21months (range:
4months-7years). At the time of the data collection, two
girls had frequent epileptic seizures (Table 4).

Only one child was receiving monotherapy (topira-
mate), and she had been seizure free for 10 months. Both
patients on bitherapy (LEV+VPA or LEV+CBZ) re-
mained seizure free for at least 1year. Six children were
taking three ASMs, and four of them were seizure free.

The first ASM in none of the cases resulted prolonged
seizure-free periods, and the ineffectiveness of the therapy
necessitated multiple changes in the treatment of all chil-
dren. Patients received three to nine different antiepilep-
tic drugs. The first choice of ASM was VPA in five cases.
Ketogenic diet was not initiated in any of these children.

4 | DISCUSSION
4.1 | Prevalence

PCDH19-related epilepsy constitutes a rare genetic epi-
lepsy syndrome. Its prevalence remains uncertain, with
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predominantly case reports published. The most extensive
study, comprising 271 patients analyzed across 38 publica-
tions, revealed a prevalence of 4-5 per 100000 female live
births.* However, based on the current study and consid-
ering Hungarian epidemiological data, we estimated the
prevalence of PCDH19-related epilepsy to be 1 in 100000
female live births, lower than previously reported.

4.2 | Family history

Similar to previous reports, all children in our study were
girls. Although the number of our cases is low, regarding
the presence of epilepsy in the family members we have
found a slightly higher rate of positive family history in
our patients (4/9; 44%) than in Smith et al. (3/38; 8%).'

4.3 | Family relationships

Patients 7 and 8 were first cousins on the paternal side,
and father of patient 8 carried the pathogenic gene
variant (father of patient 7 was not tested). The paternal
grandmother had epilepsy of an unknown type during
her childhood (no molecular genetic test was conducted).
Juberg and Hellmann,'!” who described the clinical
presentation of PCDHI19-related epilepsy syndrome
in 1971, studied 15 females from four generations
of a family. They also found first cousins among the
family members with PCDH19-related epilepsy. The
mother of patient 2 was confirmed to carry the PCDH19
pathogenic variant. Our results are similar to the data of
Smith et al.'® who found PCDH19 pathogenic variant in
5/38 fathers and 7/38 mothers. Marini et al.'"® reported
that only one mother of their 35 patients had PCDH19
pathogenic variant and one girl inherited the pathogenic
variant from her father.

4.4 | Epilepsy

The mean age of the patients at the time of the first sei-
zure was 15months (range 5-22 months), consistent with
the observations of Scheffer et al."” In the study by Marini
et al.,'® seizures began at an average age of 10months.

In more than half of our patients, the first seizure was
focal (5/9). Seizures occurred in clusters in seven out of
nine cases. Smith et al.'® also noted a predominance of
focal (58%) and cluster (92%) seizures. Only one case in
our study population exhibited screaming at the onset of
seizure, whereas Trivisano®® observed it in 82% (50/61) of
the girls. In six of our nine patients, higher body tempera-
ture was noted at the onset of the first seizure. In addition

to fever, other triggering factors such as infection, emo-
tional stress, vaccination, or even bathing in warm water
were observed by other authors.*! One of nine of our seiz-
ing patients also had a history of vaccination administered
on the same day. In our study, we found a higher preva-
lence of status epilepticus (7/9) than Marini et al.'® (10/35;
28%) or Trivisano et al.”® (19/60; 31%).

45 | EEG

In one third of our patients, the first EEG examination re-
vealed no abnormalities; bilateral epileptiform discharges
were observed in six children. Dell'sola et al.** reported
the absence of typical interictal EEG abnormalities in
PCDH19-related epilepsy. Seizures typically initiate in
the frontotemporal or temporooccipital regions and fre-
quently propagate to the other hemisphere.*

4.6 | Brain MRI

We found higher prevalence of brain anomalies in our pa-
tients than in Lotte.?* In three of our patients, structural
anomalies were revealed by MRI: focal cortical dysplasia
and left anterior cingulate dysgenesis in one patient and
right or left hippocampal sclerosis in another two chil-
dren. Lotte et al.** found brain abnormalities such as focal
cortical dysplasia, hippocampal sclerosis, or arachnoid
cysts in nine of their 48 (19%) patients. In three of our
patients, incidentally identified benign ventricular asym-
metry, dilated extracerebral liquor space, and septum pel-
lucidum cyst/cavum vergae were confirmed.

4.7 | Treatment of epilepsy

Considering the ASM treatment of children with PCDH19-
related epilepsy, our data are consistent with those re-
ported previously. The ASM treatment of patients with
PCDH19 epilepsy is difficult, children frequently need
a combination of drugs. According to studies by Lotte
et al.,”* 98% of children with PCDH19-related epilepsy
were at least on bitherapy.

Lotte et al.** identified clobazam, bromide, and valproic
acid as the most appropriate antiepileptic drugs, whereas
Higurashi et al.*® reported that phenytoin, bromide, and
clobazam are the most effective medications. We found
clobazam to be less effective, as only two out of eight girls on
clobazam became seizure free. Three girls on add-on VPA
were seizure free. We lack experience with bromide. We
generally concur with Higurashi et al.s* assessment that
carbamazepine is not effective in treating PCDH19-related
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epilepsy, although one of our patients who was seizure free
while on a combination of levetiracetam and carbamaze-
pine had been seizure free for 7years. One of our patients
experienced seizure aggravation while on carbamazepine.

Lotte et al.** observed an aggravation of seizures with
lamotrigine. Five of our patients were on lamotrigine
and only one girl became seizure free. Regarding the effi-
cacy of levetiracetam, our experience is similar to Sadleir
et al.”® Stiripentol is also considered an adjuvant treatment
option. The one child among our patients who received
stiripentol had been seizure free since the introduction
of this drug. A placebo-controlled study is currently in
progress to investigate the effectiveness of ganaxolone in
PCDH19 epilepsy.27

Due to the small number of our patients and the var-
ied effectiveness of different antiepileptic drugs, we can-
not definitively recommend a specific first-line or add-on
ASM for children with PCDH19 epilepsy.

The frequency of seizures decreased after the age of
10years, while spontaneous remission could occur. Our data
also support these observations, the frequency of initially
difficult-to-treat seizures decreased with increasing age, and
remission may occur. Seven out of nine girls became seizure
free with the prescribed antiepileptic drug therapy and 4/7
seizure-free patients were younger than 5years.

4.8 | Associated symptoms
According to the published data, most patients with
PCDH19-related epilepsy had associated symptoms: au-
tism spectrum disorder, hyperactivity, varying degrees of
intellectual disability, and sleep disturbance. The psycho-
motor development of the children was typically found to
be normal before the onset of seizures. In eight of the nine
children we studied, intellectual development showed
mild/moderate delay. Our observations regarding the psy-
chomotor development of the patients closely align with
those of Lotte.” They noticed in a multicenter study that
86% of children had normal psychomotor development be-
fore the onset of seizures, but after the epilepsy onset, 82%
of children were found to be developmentally delayed.
Marini et al.'® observed a delay of intellectual develop-
ment in 68% of their patients and Scheffer et al.'’ in 67%
of their studied children. In our study, only one child ex-
hibited normal intelligence. It is well known that the cog-
nitive outcome is significantly influenced by the age of the
child at the onset of epilepsy; the earlier the onset of sei-
zures, the poorer the prognosis tends to be. All three of our
patients who experienced the onset of seizures before the
age of 1year exhibited delayed intellectual development.
However, we did not find any association between the age
of the child at seizure onset and epilepsy outcomes.'*

i Disorders

The type of pathogenic variant does not seem to affect
later cognitive outcome of the patients.'

Autism spectrum disorder was diagnosed in two third
of the girls (6/9).

Consistent with the investigations conducted by Smith
et al.,'® we also observed a notable prevalence of speech
developmental delay among our patient cohort (76% vs.
78%).

4.9 | Genotype-phenotype correlation
Due to the limited number of cases in our study, we were
unable to confirm any genotype—-phenotype correlation.

Similar to the data of Liu (9/ 18)28 and Marini (16/33),"®
we also identified missense mutations in half of our pa-
tients. The only child who had normal motor, intellectual,
and speech development had stopped gaining mutation.

Kolc et al." found that milder phenotype may be asso-
ciated with the p.Asn340Ser variant. We had one patient
with this variant who remained seizure free, although she
experienced delayed speech and intellectual development.
We did not find any correlation between the genotype and
effectiveness of the ASM therapy.

5 | SUMMARY, CONCLUSIONS

Compared to the reported data, we found a lower prev-
alence of PCDHI19-related epilepsy (approximately
1/100.000 female live births) in the Hungarian population
of children. In our study, almost half of our patients had a
positive family history of epilepsy. We identified two cases
of first-cousin relationships among our patients, and one
patient had a mother with confirmed PCDH19-related ep-
ilepsy. In comparison to the published data, we observed
a higher proportion of status epilepticus in our patients.
In contrast to what has been reported so far, brain MRI
revealed more frequent structural brain anomalies asso-
ciated with epilepsy or incidental cerebral abnormalities
in our patient population. More than two third of our pa-
tients were seizure free with ASM therapy.

We conclude that molecular genetic testing for
PCDH19 pathogenic variants is strongly recommended
for girls whose seizures begin before the age of 3years.

6 | STRENGTHS AND
LIMITATIONS

The strength of our study lies in its multicenter de-
sign, allowing for the assessment of the entire popula-
tion of children within a country for the prevalence of
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PCDH19-related epilepsy. However, a limitation of our
study is the small number of cases. Nonetheless, it is
worth noting that the available data on this topic are also
limited, primarily consisting of case reports or multina-
tional studies. It can be anticipated that the widespread
use of molecular genetic testing will lead to an increase in
the incidence of PCDH19 gene pathogenic variant-related
disorders worldwide.
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SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Kovacs M, Fogarasi A,
Hegyi M, Siegler Z, Kelemen A, Mellar M, et al.
Multicenter retrospective study of patients with
PCDH19-related epilepsy: The first Hungarian
cohort. Epileptic Disord. 2024;26:685-693. https://
doi.org/10.1002/epd2.20264

1. Which of the following is not a characteristic feature of PCDH19 epilepsy?

A. Seizures usually occur in clusters
B. It affects mainly boys

C. Psychomotor development of the patient is usually normal before the onset of seizures

D. Status epilepticus is common

E. Infection, fever, and emotional stress can provoke the seizures

2. The first seizure usually starts at the age of
A. <2years
B. 2-6years
C. 7-10years
D. 11-14years
E. 15-18years
3. Children with PCDH19 epilepsy usually do not have
A. Sleep disturbance
B. Delayed intellectual development
C. Delayed speech development
D. Autistic features
E. Hearing disturbance

Answers may be found in the Supporting information.
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