University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Vlaskamp, DRM;Bassett, AS;Sullivan, JE;Robblee, J;Sadleir, LG;Scheffer, IE;Andrade, DM

Title:
Schizophrenia is a later-onset feature of PCDH19 Girls Clustering Epilepsy

Date:
2019-03-01

Citation:

Vlaskamp, D. R. M., Bassett, A. S., Sullivan, J. E., Robblee, J., Sadleir, L. G., Scheffer, |. E. &
Andrade, D. M. (2019). Schizophrenia is a later-onset feature of PCDH19 Girls Clustering
Epilepsy. Epilepsia, 60 (3), pp.429-440. https://doi.org/10.1111/epi.14678.

Persistent Link:
https://hdl.handle.net/11343/285531



MISS DANIQUE RM VLASKAMP (Orcid ID : 0000-0002-6820-8268)

Article type' : Full length original research paper

Schizophreniaisa later-onset feature
of PCDH19 Girls Clustering Epilepsy

Danique R.MVlaskamp MD*? Anne SBassettMD, FRCPC** Joseph ESullivan MD®,
Jennifer Rebblee, MOFRCPC, Lynette G Sadleir, MBChB, MD?, Ingrid E. Scheffer
MBBS, PhQ.ERACP-°'?, DanielleM. Andrade, MD, MScFRCPC™*"

Health; Melbourne, Australia

University of Groningen, University Medical Center Groningen, Departiment
Neurologyand Department of GenetjdgSroningen, théetherlands

Clinical"Genetics Research Program, Centre for Addiction and Mental Headth,
Campbell Family Mental Health Research Institdia;onto, ON, Canada
Department of Psychiatry, University of Toronto, Toronto, ON, Canada
DalglishsFamily 22q Clirc for Adults with 22q11.2 Deletion Syndrome and Toronto
General,Research Institute, University Health Network, Toronto, ON, Canada
University of California San Francisco, Pediatric Epilepsy CentarioBfeChildren’s
Hospital,"San Francisc@A, Unites Sates

Canada

Department of Paediatriesxd Child Health, University of Otago, Wellington, New
Zealand

Department of Paediatrics, The University of Melbourne, Royal Children's tdlpspi
Victoria, Australia

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article

asdoi: 10.1111/EPL.14678

This article is protected by copyright. All rights reserved

W) Check for updates

Epilepsy'Research Centre, Department of Medicine, the University of Melbourng Aus

Division of Neurology, Toronto Western Hospital, University of Toronto, Toronto, ON,


https://doi.org/10.1111/EPI.14678�
https://doi.org/10.1111/EPI.14678�
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fepi.14678&domain=pdf&date_stamp=2019-03-03

Vlaskamp et al 2

% The Florey Institute of Neurosciences and Mental Health, Melbourne, \dicfarstralia

1 Epilepsy Genetics Research Program, Krembil Neuroscience Centre, liipiokrs
Toronto, Toronto, ON, Canada

*These authors contributed equally

Corresponding authors:

Prof IngridE. Scheffer

Melbourne; Brain Centre, 245 Burgundy Street, Heidelbéioria 3084, Australia

Tel: +61 3 9035 711Fax:+61 3 9496 2291

Email: i.scheffer@unimelb.edu.au

A/Prof DanielleM. Andrade

Toronto Western Hospital, 5W-445, 399 Bathurse&tiToronto, ON, Canada, M5T 2S8
Tel: 1-416-603-5927Fax: 1-416-603-5768

Email: Danielle.Andrade@uhn.ca

Key Wordsi=Psychotic disorders, psychosis, psychiatry, epilepsy, seizures

Number-of text pages. 26
Number of werds: 3036/4000
Number of references: 45/50
Number of figures: 1

Number of tables: 2

Abstract

Objective. To investigate the occurrence of psysis@and serious behavioural problems
femaleswith.PCDH19 pathogenic variants.

Methods. We"evaluated whethgrisychosis and serious behavioural problems had occurred in
60 females(aged 275 years)ith PCDH19 pathogenic variantdelonging to 3%amilies.

Patients were identified froepilepsy geneticdatabases in Australia, New Zealahi$ and
Canada. Neurelogical ambychiatric disorders were diagnosed using standard methods.
Results. 8/60 (13%0) females from 7 families developed a psychotic disordehizophrenia

(6), schizoaffective disorder (by an unspecified psychotic disorder (M)edian age abnset

of psychotic symptoms was 21 years (rang813rears)In our cohort of 39 females aged 11
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yearsor above, 8 (21%) developed a psychotic disorfleren hadngoingseizures abnset
of psychosis, withwo continuing to haveeizuresvhen psychosisecurreal. Psychotic
disorders occurred in the settingmild (4), moderate (2) ageverdg1l) intellectual disability
or normal intellect (1)Pre-exiging behavioural problemsccurredin four females and
autism speetrum disorder ihree Two (3%) additionalfemales had psychotic featunsgh
other conditions: an adolescent had recurrent episodes of post-ictal psychosrs yedia
old woman had major depression with psychotic featérdgrther three $%) adolescents
with moderate to severe intellectual disability had oossevere behavioural disturbanor
significant worseningn adolescence.

Significance. We identify that psychotic disorders, including schizophreania a later onset
manifestationf'oPCDH19 Girls ClusteringEpilepsy Affectedgirls and women should be
carefully monitored fotateronset psychiatric disorders.

Key Words. Psychotic disorders, psychosis, psychiatry, epilepsy, seizures

I ntroduction

PCDH19 pathegenic variants (OMIM 30046@kre initially identified in a family with
Epilepsy and MntalRetardaion limited toFemales (EFMROMIM 300088)% However, as
about one=guarter of women do not have mental retardatidve new name of Girls
Clustering Epilepsy (GCE) was suggested to aid recognition of this digtiicsorder with
an unusualinheritance parn® PCDH19-GCE occurs in heterozygous femaleghile males
are usually unaffected transmitting carriers. Raates with mosaipathogenic variants are
affected reflecting the femalgatternof two X chromosomes and the consequent co-
existence [of cells with and without mut&@DH19.%°° Girls with PCDH19 pathogenic
variants present with recurrent clusters of seizures triggered byifianéancy orearly

childhood 'Intellect carrange from normato severe intellectual disabiliyD).>*’

While psyehiatric features wermted ina few femaleseportedn the originalstudiesof
PCDH19-GEE«(callecEFMR in these studies)®° behavioural and psychiatrimmorbidities
are commonand may posthe most disablingroblem in adulthood An array of psychiatric
co-morbiditieshasbeen described including sevdsehavioural problemsbsessive features
and autism spectrum disorder. In adult life, we previously repbostedvomenwith a
schizophreniform psychosiand an additionakoman with psychosis haseensubsequently

reported°
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We hypothesized that psychosis was a lateset feature dPCDH19-GCE.We therefore
analysed the presencepsychosis and serious behavioural problems in a cohort of females

with PCDH19 pathogenic variants.

Methods

Study cohort

Patients were ascertained from the epilepsy genetics datalbalsesuthors located
AustraliaandNew Zealand, the United Statesid Canada. These databases include all
patients presenting with genetic epilepsy and their relatives who consent to research
participation. The database includes information on pathogenic vafamgies A B, E and

G were previgusly publishéd'*2 however, their psychiatric phenotype has been evaluated
in detail forthis'studyWe analyed the frequency of psychosis in adolescent and adult
women witha PCDH19 pathogenic variant, using the youngest age of onset of psychosis

observed in our cohort to delineate the group of interest.

Phenotyping

We use the,terfPCDH19-Girls Clustering Epilepsy PCDH19-GCE)for the welt
recognised epilepsy syndrome associated R@DH19 pathogenic varianias previously
suggested**We examined whether each female had experiepsgthosis and serious
behavioural problemandthe evolution of these symptorager time We alsoevaluatedhe
epilepsy phenotype, developmaintourseand intellectmagnetiaesonance imaging (MRI)
and geneticesults and thdamily history.Information was obtained using a validated
seizure questionnairéclinical interviews and review of medical records. Psychotic
disorders were diagnosed ustheg fifth edition of the Diagnostic and Statistical Manual of
Mental diserders (DSM#) by an academi@sychiatrist (ASB)afterlocal assessment by a
psychiatrist.at time of the patient’s presentatfitifihe level of intellectual disability was
based on IQ scores obtained through formal psychometric assesSeiemte types and
epilepsy syndromes were classified accordindpé®017Intermational League Against
EpilepsyClassification of the Epilepsi¢$*®

Genotyping
PCDH19 is a highlyconserved genas illustrated by its intolerance to variation (Residual
Variation Intolerance Score (RVIS)-8.89) and to loss of function variation (probability of

intolerance to loss of function (pLI) score = 1.0In the research genetic epilepsy database,
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only pathogenic variants were included, based on the criteria of the AmericageCail
Medical Geneticd® We present the data on pathogenic vasiéentified in females with a
psychotic disorder in Supplemental Table®CDH19 pathogenic variantsr deletions were
reported in accordance with its longest isoform 1 (NM_001184880.1).

Ethical statement

Patients, or their parents or legal guardians in the setting of minors or those with intellectual
disability, gave written informed consent for inclusion in our study. This study was approved
by thelocal institutionaHuman Researdithics Committee (Austin Health reference
H2007/02961)the Health and Disability Ethics Committee (New Zealamd) the Research
Ethics Board (Toronto Western Hospital 15-9512).

Results
We studied60 females wittPCDH19 pathogenic variantgrom 35 families. Females were

aged between 2 and 75 years (median age 18 years).

PCDH19 GirIsClustering Epilepsy with chronic psychotic disorders (n = 8)

Eight oflour cohoriof 60 femalesdevelopeda psychotic disordeiMedian age at study of
these eight females was 31 years (rarigé2years)Psychosis began adolescence and
adult lifeat'a median age at onset of 21 years (rang@8lyjears). When we analysedr
cohort aged 11 years (youngest age at onset of psychosis in ou) oolotater, we found
that8/39(21%) females were affect@dth a psychotic illnessThe casdistories of two
women withPCDH19-GCE and a psychotic disordaredescribed in the Supplementary

data.

The eight femalésamefrom seven familiegFigure 1). Sx (15%) had schizophrenia, of
whom tworwere sisters (family Dpne (3%) haa schizoaffective disordema one(3%) an
‘unspecifiedssehizophrenia spectrum and other psychotic disdiiddrle 1) One female had
childhood.enset schizophrerfram age 11 yeardiwo had a ceexistingpsychiatric
diagnosis; onehad postumatic stress disord@fter a sexual assaulihd another had a

major depressive disorder.

In 7 women, thenitial episodeof psychosignarkedly variedn duration between 2-weeks

and5 years The remainingvoman (E:Il:4) hadfrequent ongoindpallucinationdrom 11 to
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27 years Six women had recurrent psychotic episodes. Psychotic symptoms included
disorganised motor behaviour (8) including catatonia in 1, hallucinations (7), delusions (6),
negative symptoms (5) and disorganised thinkingAB)ipsychotic medication was
commencedhn all eightfemales and was effective all but one (E:1l:4) Two females also

hada positiverresponse tosalective serotonineuptake inhibito (SSR] sertraling or to a

selective serotoninorepinephrine reuptake inhibitor (SNRI, duloxetine).

Three women hadutism spectrum disordeh$D) diagnosed at age 3.32 yearsy to 12
yearsprior to theirpresentation witlpsychosis; five women did not have a diagnosis of ASD.
Behavioural problems in childhood or adolesceneee already present before the onset of
psychotic symptoms in fodemalesand included aggressi@amdanxiety @), and

behavioural préblemeith suicidal gesturegl). Only onefemale (C:ll:1)was on
psychotropianedication an antidepressantand thisvasdiscontinuedvhen shaliscovered

she was pregnant, prior to onset of psychlases in pregnancy.

Thepsychotie.disordersccurred with cemorbidID in 7/8femalesvhich wasmild in four,
moderate iiwo.and severe imne.The remaining patieritadborderline intellectA decline

in scholastic abilitieprecedegsychotic symptoms in one adolest(D:I1V:2)aged 18 years
with mild ID..A«19 year old adolescent (G:1V:4) with moderatehi&lcognitive regression
associateavith romantic obsessionfollowing an episode of status epilepticus, she
developedtrotomanc delusions. In four patients, social withdrawal was observed with the

initial or recurrent episode of psychosis.

All eight females had history of seizures. In one woman, seizures had resolved 15 years
prior to psychosis onset. The remainiegen hadngoingseizuresand were on anti-
epileptic. medicatiomt theonset of psychosis. Seizures had resolved in thomeenone to
four yearstbeforéheir psychosisecurred For the 27 year old womdg:I1:4) with childhood
onset schizephrenia beginning at 11 yesegures settled at age 15 yealthough
hallucinatiens persisted throughout adult life. The remairingefemaleshadongoing
seizuresncludingbilateral tonieclonic seizuresd), focd impaired awareness seizurey, (2
tonic seizures (2), absences (1) and febrile seizuredgt{iseizure frequencies varyifigpm
every few weeks to breakthrough seizuwel/ associatgwith medication change.

Neuroimagingperformedin 7/8 patient§CT-2, MRI-5) wasnormal.
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Females with secondary psychotic symptoms (n = 2)

Two womenin our cohort had psychotic symptoms that did not fulfil a diagnosis of a
‘schizophrenia spectrum or other psychotic disorded.7 year oldadolescentvith ade
novo p.Glu201Prd?CDH19 pathogeniarariant(patient H)andmoderate IDdeveloped
recurrentpostictal psychosiscomprising auditory and visual hallucinations, following
clustersof seizuredsrom the age of 1fears She has notetreceived antpsychotic

medicatiorybecause her psychotic episotiase beemostictal and sellimiting.

The matriarch ofamily A (Figure) patient A:l:3 underwent abdominal surgeior a bowel
obstruction,at 75 years and developedaordepression. Associated with this depression,
she had ongaoing psychotic features including visual hallucinations of people fromsher p
hitting her. Treatment with citalopram, topiramate and levetirac@taratter two for

seizuresylid not improve her depressionpsychotic symptoms.

Adolescents with serious behavioural problems (n = 3)

In the remaining0/60 females without a psychotic disorder or psychotic symptexsre
behavioural, problems were present in 15/50 (30R).three girlsvith moderate tsevere
ID, behavioural problemsere extremely severe and disruptive to the familiesirife
adolescence.and adult lilendering then housebound; and resulting in police visits to
ensure safety due to the severity of platient’'saggressiorfTable 2) Behavioural problems
began in childhoodyut became much more sesatage 1012 yearsAnti-psychotic
treatmentvas effective in one, ineffective in anothandwhether antpsychotic treatment
was prescribed for thiird was not knownlt wasnot possible to clasfy these behavioural
problemsasa schizophrenia spectrum or other psychotic disorder due to the lack of obvious
signs of hallucinations or delusioimsthese adolescent@th severe intellectual disability
Anothergirl (A:1ll:13) with severe IDdevelopedxtremelysevere violent behaviotwice

following amidazolamintravenous treatmefdr anaesthesia (<lyear9 andfor seizures (14
years.

Genotype-phenotype correlation

No genotype-phenotype correlation for the occurrené@CaiH19-related psychotic and
serious behavioural problems could be identifidte pathogenic variants the eight
femaleswith the psychotic disorders occurred throughout the gene, and did not differ in

location from those without psychotic disorders. The pedigrees stnidimg inter- and
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intrafamilial phenotypicheterogeneity of features includiagspectrum of severity for
epilepsy, intellectual disability, behavioural and psychiatric problems imgjyc$ychotic
disorders (Figure 1).

Discussion

PCDH19-related epilepsies typically present in infant girls who have clusters of seizures,
often triggered by fever. The term PCDH19-Girl Clustering Epilepsybasrecently
suggested:to aid in earlier recognition of this serious disérdefThe psychiatric features

in childhood and adolescencesavere behavigal problems, obsessional features and ASD
often prove.more disablinfpr patients andamilies even thouglseizuresnay have abatet
Here we describeightfemales withPCDH19-GCE who presentith adolescent or adult
onset psychoti¢ disorder with prominent decline in functiorofgyhomsix satisfieda

diagnosis of schizophrenia.

Psychaotic disordersin PCDH19-GCE

We studied.the presence of psychotic disorders in 60 femaleP@mK19-GCE. As
psychosis‘presented from the age of 11 years, we calculated the frequency in our 39 olde
females aged 11 years or older. We found thé& @1 ourolder cohort developed psychotic
disorders, most often classified as schizophrekb&o(of total). This 21%figureis a

minimum estimat®f the frequency of psychotic disorders. Fourt38%o) of the 39 females
arestill younger than 29 yeaof age which wasthe oldest age of onset of psychosis in our

cohort.

Diagnosis of psychotic disorders in patients vetimorbiditiescan bechallenging First,
psychoticepisodes in patients with ongoing seizuresodilen considered posttal

phenomena. However, 4/8 females developed their initial or recurrent psychotic sgmptom
whentheyhad-beerseizurefree for at least a yeasuch that their psychosis could not be
consideregpostictal. Guidelines for the diagnosis of pastal psychosis indicate that the
duration ofspsychosis should be less than two months yet, for three of our renf@iming
femaleswith"psychotic ilinessthe psychosis lasted from 18 months to 16 y@4rsSecond
threeother women had concurrent behavioural or social deterioration with psychosis,

supporting a diagnosis of a ‘schizophrenia spectrum or other psychotic disorder’.
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Third, psychotic symptomsuch ashanges in thinking and speech are nubifecult to
recognizen patients with ID. While the women with mild ID or borderline intellect
presented witlatypical thought disorder, the woman with severe ID (E:ll:4) had more subtle
observable changes suchl@sking and smihg atthe corners of a room. This was coupled
with a majorehange in behaviour at age 11 years, presenting with severe aggredsi
running away from school. Not included in thight patients with psychotic disorders was a
19 year old norverbal adolescentith severe IDwho developed odd poattal behavioural
changesuch asaughing at the toilet bowThis behavior was only observed on two

occasions and,wassufficient to meet diagnostic criteria for a psychotic disorder

Only one othef female witRCDH19-GCE and psychosis has been repdfted addition to
our original report of two casetfie latter two aréncluded in the eight patients reported here
(Table 1} The lack of additional publiglcases with psychotic disorders may be explained
by the young age of the majority g@ifls with PCDH19-GCE Recognition of this disease is
rapidly incra@asingwith greater access to genetic testing for children with infaatiket
seizuresin addition many adolescent and adwibmenwith ID and seizures are not offered
genetic testingdespite recommendations fdinical testing?>?* Moreover the association

of psychesis ira' womanwith apasthistory of seizures in childhood may notdmnsidered

as related to.annderlyingPCDH19 pathogenic variant, even where tragiant is known.
Currently, there areine PCDH19 mosaic maleseportedn the literatureof whomseven

had behavioural problems, but thengtoo young (only threevereaged 13 and 14 years) to
determinevhéther they are at risk pbychosis:®?**Longer term follow-up of women and

mosaic memwith PCDH19-GCE will clarify the risk of latelonset psychotic disorders.

It is possible thathe severe behavioural problems seeR@DH19-GCE could be a
precursotr.to lateonset psychotic disordeirs some patientéTable 2). In three additional
adolescents'with moderate to severe IDpolserved horrific and grosstiisorganized
behaviouralspreblems. It is uncertain whether their behavioural regression inyprdagd
reflectthought disordethat is difficult to decipher given the severity of their cognitive

impairment

Frequency of psychotic disordersin PCDH19-GCE
The frequency of psychotic disorders (21%), including schizophrenia (15%), in our cohort of

females withPCDH19 pathogenic variantwasfar higherthan general population estimates

This article is protected by copyright. All rights reserved



Vlaskamp et al 10

of psychotic disorders (3.5%ndschizophrenia (1.4%) in the Finnish National Population
Register’® The frequency is also higher than that founddhorts with ID, ASDor epilepsy
where risk is elevatedn individuals with ID, the prevalence of psychotic disorders was 4.4%
in a cohort of 102Patient$’ and the prevalence of schizophrenia was 3.6% of 13,295
patients’®Forpatients with ASD and normal intellect, schizophrenia spectrum disorders
occurred in 6% of 713 patieftSTurning to epilepsy, psychosis (not further classified) was
diagnosed'in’5.6% of patients in a matelysis of 56 studies including more than 40,000
participants, and was most frequent in those with temporal lobe epileps§”(7%).

Risk for psychotic disorders in females WREBDH19-GCE appears to be more comparable
to that of individuals withrare recurrent microdeletiomsd microduplicationthat are
associated With'schizophrerifaThese includehromosome 22q11.2 deletiowbere
schizophrenia and schizophrenia spectrum disorders develop in Ul tf Patients’” and
15q13.3 deletionahere10.2% are reported to have schizophréhiather lower risk copy
number variants have been reported in large scale population sfifdies.

Why only afifth.of women witiPCDH19-GCE develop psychotic disorders remains to be
elucidatedOur patients hagathogenic varianthroughoutPCDH19: in exon 1 (4), 2 (1)
and 5 (1) and.deletions in exon 6 (2). Larger numbers of affected women may enable
genotype-phenotype correlations to emerge.

Possible shared mechanisms between psychosisand PCDH19-GCE

There may be sharedisease mechanisrmagplaining the increased risk of psychasis
PCDH19-GCE, based on observations relating to hormonal manipulation and brain
connectivity.First, psychotic disorders oftdreginin adolescengevhen hormonal levels in
the hypothalamigituitary-adrenal axis chang®@ Lowerblood levels of allopregnanolonan
important neurasteroidgrefound in patients with psychosasdalsoin females with
PCDH19-GEE*"*° Furthermore, differences in neurosteroid levels between patients with
PCDH19 pathogenic variants and controls become more evident in puberty, when psychosis
has its onset Rilot clinical tials of allopregnanolone showagbositive effect on
schizophrenia-related symptoms and cognition in patients with schizopfftansingle
open-label pilot study of ganaxolone, a synthetic neurosteroid, in 11 childreR@DiH19-
GCE showed improved seizure control, the effect on bedwiour and psychiatric symptoms

has not been studiédSecond reduced connectivity in perceptual and executive networks
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hasbeenshown in schizophreni&.PCDH19 encodes a celtell adhesion molecule and
mosaicPcdh19 murine expressioesuls in differential adhesion of neural progenitor cells
and abnormadrrangerent and sortingf cellsduring cortical development that likely
disturbs connectivity of the brafrBrain network connectivity studiés females with
PCDH19pathoegenic variants may shed light on the human correlate and the networks

involved may aid irpredicing risk for the development of schizophrenia.

Psychotic disorders as later-onset manifestation of genetic disease

The concept of.a latamset phenotype has been recognized in other genetic diséiolers.
instance, males'who carry the Fragile X-pretation are unaffected until late adult life when
they maydevelop fragile Xassociated tremor/ataxia syndrofiddolescents with Dravet
syndrome due to SCN1A pathogenic variant often develop a crouch gait, while achdis
develop Parkinsenian features in thairties***° Suchlateronset disordensill only

become recognized with more accesgenetictestingof older individuals, angvith

longitudinal observationf patients withspecific genetic diseases as they age.

Limitations

This study has'several limitations. It would be ideal to have the same psychiatrist see all
cases, howeyver, this is impossible as the patients are in different regions oflthend the
episodes of psychosis have occurred over many years. Also, we do not have scores on
neuropsychological subscales (verbal, nonverbal, memory, processing speeedrdiuhatt
and this would be very challenging in some of the patients given their severe behavioura
disturbance and severity of cognitive impairment. Lookinghanges in these domains
before, during and after psychotic episodes would help to understand the course of these
disorders in patients witRCDH19-GCE.

Conclusions

We identifiedsehizophrenia and other psychotic disor@ers lateonsetmanifestatiorof
PCDH19-GCE,occurring in difth of older adolescents and women. Monitoring, recognition
andappropriate. treatmeuwf lateronset schizophrenia fiemaleswith PCDH19-GCE should

become part of routine care in this population.

Key Point Box
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- PCDH19 Girls Clustering Epilepsy (GCEruss a distinctive phenotyps early onset
clustersof seizureoftentriggered by fever

- We identified psychotic disordess a lateonset feature d?PCDH19-GCEin 8 females
with median onset 21 yeafiange 1128 years)

- We foundthat21%femaleswith PCDH19-GCE agedl1 yearsor older developed

psychotic disorders, including schizophrenia in 15%.
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Figurelegends

Figure 1: Pedigrees of 8 femaleswith PCDH19 Girls Clustering epilepsy and psychotic

disordersin 7 families. Females with a psychotic disorder are marked by a red box. Girls

with a mildPCDH19-GCE had mild epilepsy and intellectual disability and those with a

severdPCDH19-GCE hadsevere epilepsy and moderate to severe intellectual disability.
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Table 1: Schizophreniaand other psychotic disordersin 8 femaleswith PCDH 19 pathogenic variants
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A:lll:31 B:lll:41 Cil:1 D:lV:1 D:lV:2 E:ll:4 F:1:1 G:IV:4
Ageat study (y) 25 64 35 29 21 27 23 27
Pathogenic variant, p.Val441Glu, pat p.GIn85*, UK p.Lys708Argfs*9, UK Exon 6 deletion, mat Exon 6 deletion, mat p.Leu25Pro, mat p.Ser845Asn, not mat p.Arg911GlIn, pat
inheritance
Age at seizure onset: 12 m: GTCS 12 m: FSGTCS 9 m:FMS, FIAS, CSE 14 m:FBTCS 19 m:T, FIAS, FBTCS 7m: FS, GTCS, At, T, SE, | 8 m:TCS 7y: Abs, T, GTCS, AtAbs,
seizure types FIAS FIAS
Development Always delayed - Delay since 9 m Delay since 14 m Delay since 19 m Yes - Delay noted at 3 y
Regression (age) - - Yes (9 m) Language (14 m), delay sind Yes (19 m) Yes (7m and language at 2 y - Language (7 y)
Intellectual disability Mild No, but lorderline intellect Mild Mild Mild Severe Moderate Moderate
(1Q) (68) (77; VIQ 85, PIQ 72) (62; VIQ 61, PIQ 72) (20single words) (48-49)
Psychiatric and behavioural | - UK Depression, anxiety, ASD (12y) Aggression and anxiety (<6y)Aggressionselfinjury, Challenging behaviours and| -
problems befor e psychosis aggression, selhjury, ASD (6y) anxiety early agg, ASD (3.5 | suicidal gestures (15y)
onset (age at onset) running away (21y) y), running away (5 y)
Age at psychosis onset 23y 21y 28y10m 20y4m 18y2m 11y 19y 19-20y
Ongoing seizures at None for 15 y: Yes, 2 per year: Yes: Yes, 24 clusters yearly: Yes, single GTC last Yes, few yearly until 15y: | Yes, breakthrough seizures | Yes, every few weeks:
psychosis onset: seizure no AED AED CBM, LEV CLB, TPM, PHE year: AED AED with AED change: AED TPM, CLB, LMT, VPA
treatment
Duration of initial episode | Few.months 12 months admitted UK 1-2 weeks >1.5 years Continuous UK 5 years, following a SE
- Delusions Persecutory Religious and grandiose UK - Making up stories - - Erotomanic
- Hallucinations Auditory Auditory UK Auditory - Visual Auditory Auditory
- Disorganized thinking Poor cognitive insight Irritational, poor cognitive Threatened to cut out fetus | - - 14 y: clear thought disorder | - Yes
insight for 2 weeks while on RSP
- Grossly disorganized or | moterbehaviour Sentenced for aggression to| UK - Catatonia (stands still for Behavioural deterioration - Aggression
abnor mal motor behaviour her child hours, excitable) with severe aggression
- Negative symptoms Deterioration seltare, social| - Dysthymia - Avolition, social withdrawal, | - - -
withdrawal, alogia, flat affec! alogia
- Other symptomsrelated to| Suicidal ideation, anxiety, Grossly disorganized affect | UK - Decline in functioning and | - - Psychotic event preceded b
psychotic symptoms agoraphobia, panic scholastic abilities romantic obsession with
cognitive regression
Treatment commenced TFP, VLF, CLP, CBM (non- | TDZ (+) RSP (non-compliant), RSP | - RSP (+), OLZ (-), LEV (+) QTP (-), RSP (-). UK (+) HLP (T sz), PHE ¢), QTP

after psychosis onset
(effect) ®

compliant), admittedTFP
depot (+)pSRT (+)

consta (+), OLZ (+, but
briefly)

Currently on:OLZ, CLZ,

FVX (ongoingvisual

hallucination$

(+), PRZ (UK)
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Recurrent psychotic 24 y 7 m:Auditory 25 y:Religious delusions, - 30y 4 m: Auditory -21.5y: Rrsecutory and - NA - 23 y. Two relapses with Frequent relapses when tryi
episodes hallucinations with suicidal | delusions of reference, hallucinationsaggression, | religious delusionsauditory hallucinatims and behaviora| to reduce QTP
ideation hypomania and aggression. | socialwithdrawal anhedonia| and visual hallucinations, deterioration
with suicidal attemptdess fire-setting behaviar, social - 23 y: Disorientation, for
sleep, axiety, feelings of guilf withdrawal, deterioration which she was admitted a
- 33 y 10 m:delusions self-care and alogia month
(bizarre, persecutory, somatjcimimicking a depression) fol
of reference) poor cognitive | 1.5 yeardollowing a cluster
insight, incoherent speech | of seizures
- 2628 y: twice psychosis
deterioration when tryingo
switch OLZinto APZ
Seizures at last recurrence | None for 16y None for >1 year None for >3 years None for >4 years NA NA Yes, breakthrough seizures | Yes, every few weeks
Treatment commenced after| RSP (galactorrea), admitted, | CLP (+) RSP (+), DLX (+), QTP (-), | CLZ (+), RSP (+/-), VPA (), | NA NA LMP (-), ZPM (-). Currently | -

psychosis recurrences
(effect)®

OLZ (+)

PLP (UK), HLP with

OLZ (+, T weight), LEV

benztropine (+)

(UK) APZ (-), CLP (+), HLP
*)

stable oiWPA, LEV, HLP
with procyclidine APM

Psychatic diagnosis

Schizophrenia

Schizoaffective disorder

Schizophrenia

Schizophrenia

Schizophrenia with
catatonia

Schizophrenia

Unspecified

Schizophrenia

Psychiatric outcome

Multiple ‘episodes, currently
remissionwith treatment
Ongoing PTSD with panic
attacks,after sexual assault

nMultiple episodes with
progressive worsening,
currently in remission on
treatment (occasional
outbursts of aggressiveness

Multiple episodes, currently
remission with treatment.

nMultiple episodes, currently
in remission with treatment.
Ongoing major depressive

disorder.

Single long episode, current
in remission with treatment.

yContinuous hallucinations

Multiple episodes, currently
partial remission; persistent
auditory halucinations;

sedated

nMultiple episodes, currently |n
remission with antipsychotic
treatment

! patient has previously been published by Scheffer e0@8.2

2Mother is mosaic foPCDH19 pathogenic variant.

% Treatment effect: ineffective s+effective.

Underlinedtreatment is currently,useBold and italic treatment concerns an apsychotic drugMutations were reported according to transcript NM_00118488

Abbreviations: Abs = absences;-AED = agpileptic drugs, AH = auditory hallucinations, APM = alprazolafZA= aripriprazole, ASD = autism spectrum disorder, Atoniatseizures, AtAbs = atypical absences, CBM = carbamazepine, CLP =

chlorpromazine, CLZ clonazépam; CSE = convulsive status epilepticus, DLX = duloxetBS E focal evolving to bilateral tonic seizures, FM®eal motor seizures, FIAS = focal impaired awareness seizures, FSle $emures, FSIQ = full

scale intellectual quotient, FR=sflupenthixol, FVX = fluvoxamine, GTCS = generalized tonmnét seizures, HLP = haloperidol, ID = intellectual disapili® = intellectual quotient, LEV = levetiracetam, m = month, mat = matigrinherited, LMP

= levomepromazine, LMT = lamotrigindlA = not applicable, NVLD = nowerbal learning disability, OLZ = olanzapine, pat = paadly inherited, PHE = phenytoi®|Q = performal intellectual quotierR.P =paliperidonePRZ = prazosin, PTSD =

posttraumatic stress disorder,;"QTP = quetiapBie = status epilepticus, SRT = sertraline, sz. = seizure, T = tonic seilED#s thioridazine, TFP = trifluoperazine, TP#opiramate, UK = unknown, VLF = venlafaxine, VPA= valproate, VH =

visual hallucinationsVIQ = verbal intellectual quotieny = year, ZPM = zolpidem.
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Table 2: Grossly disorganised behaviour in 3 femaleswith a PCDH19 pathogenic variant
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Patient B:V:20

Patient E:11:5

Patient |

Age at study.(y)

17

15

13

Pathogenic variant, inheritance

p.GIn85*, paternal

p.Leu25Pro, mother mosaic

p.Aspt12Q@y, maternaf

Development

Delay since 11 m

Delay since 8 m

Always delayed

Regression (age)

Yes (11 m)

Yes (8 m)

Frequent regression with SE

Intellectual disability; speech

Severe: 260 single words

Moderate: limitel speech

Severe: single words

Behaviour al problems befor e deterioration
(age at onset)

Tantrums, autistifeatures (since early age)

ADHD, OCD, ASD, aggression (<13 y)

Aggression and anxiety (since early age), AS
(12y)

Ageat seizureonsgt: seizuretypes

11 m: GTCS, FIAS, Abs, FS

8 m: T, FBTCS, aura, Abs, GTCS, CSE, FS

2 w: Abs, M, FIAS, UTCS, DAspasms, SE

Age at onset behavioural deterioration

10y

1112y

12y

seizur e tr eatment:

Seizures at behavioural deterioration onset:

Yes:CBM, CLB

Yes, clusters every-8 weeks till 13 y: UK

Yes: VPA, ZNS CLB

Initial presenting.symptoms

Intermittent episodes of anger and difficult
behaviour characterized by tantrums, aggressiq

restlessness and séljury

Cognitive and functioning deterioration with
raggression to the point of requiring police
intervention at home on multiple occasi@msl

suspension from school

Cognitive and functioning deterioration from a
12 y with severe difficulties with transition,
violence and aggression to the point that the

family cannot leave the house.

Evolution of:symptoms

16 y: easily frustrated, labile®appropriate sexual

touching of herself and others

Continuous intermittent aggression and runni

away

Continuous intermittend aggression

Treatment commenced for behavioural
deterioration (effect)

HLP (+), CLN (-), SRT ¢), QTP (-)

RSP (UK). Currently on QTP (-), FVX (-),CLZ
(+), TPM (+)

RSP (high prolactin), APZ (-)

'This girl also has a p.Ser218Lpathogenic variarih CACNA1A that wasnot maternally inherited

2 Treatment effectrineffective, + effective.

Underlinedtreatment is currently useBold and italic treatment concerns an ap8ychotic drugVariantswere reported according to transcript NM_001184880.1

Abbreviations: Abs = absences, ADHD = attention deficit hypigcsyndrome APZ = aripriprazoleASD = autism specrum disorder, CBM = carbamazepine, CLB = clobazam=Cldwidine, CLZ =

clonazepam, CSE = convulsive status epilepticus, Cdmpatotomotography, DA = drop attacks, ED = epileptictdisges, FBTS = focal evolving to bilateral tonidonic seizures, FIAS = focal impaired

awareness seizures, FS = febrile seizures, FSIQ-sdalé intellectual quotienEVX = fluvoxamine,GTCS = generalized tonic clonic seizures, HLP = haloperidol, iRefiéctual disability, L = left, M = myoclonic
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seizures, m = month, ODD = obsessive compulsive diso@IEP, = quetiapineRSP = risperidone, SE = status epilepticus, SRT = sertraline, sz. res€izuonic seizures, TPM = topiramate, UTCS = unknown

onset tonieclonic seizures, VPA = valproate, w ks, y = year, ZNS = zonisamide.
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