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1 | INTRODUCTION
The Prickle Planar Cell Polarity Protein 1 (PRICKLE1-MIM 608500)
gene is involved in a calcium mediated regulation of planar neuronal
polarity signaling during embryonic development as well as in neuro-
nal morphogenesis, migration, and networking (Bassuk et al., 2008).

PRICKLE1-related phenotypes not only include autosomal reces-
sive progressive myoclonus epilepsy (PME)-ataxia syndrome (MIM
612437) and neural tube defects associated with heterozygous muta-
tions but also agenesis of corpus callosum, polymicrogyria, and autistic
spectrum disorder (Bassuk et al., 2008; Bassuk & Sherr, 2015; Bosoi
et al,, 2011; Tao et al.,, 2011; Todd & Bassuk, 2018). The broad het-
erogeneity of the phenotypic spectrum could be explained by a dos-
age effect involving the encoded protein for patients carrying
heterozygous variants and by the variable degrees of impairment that
may occur in the cascade of signals modulated by PRICKLE1 in the
other cases (Bassuk et al., 2008; Bassuk & Sherr, 2015; Bosoi et al.,
2011; Tao et al.,, 2011; Todd & Bassuk, 2018).

Early clinical characterization of these rare disorders is limited.
We report on a young boy with a new PRICKLE1 mutation presenting
with early infantile epileptic encephalopathy and reviewed the cases

so far reported in the literature.

2 | CLINICAL REPORT

This 25-month-old boy was born from nonconsanguineous Indian par-

ents after an uneventful pregnancy and labor. Family history

| Manuela Tolve? | Martina Martinelli® | Sofia P. Di Noia® |

The PRICKLE1 (Prickle Planar Cell Polarity Protein 1-MIM 608500) gene is involved in different
phases of human development. The related diseases include autosomal recessive progressive
myoclonus epilepsy - ataxia syndrome, neural tube defects associated with heterozygous muta-
tions, agenesis of corpus callosum, polymicrogyria, and autistic spectrum disorder. Reported
here is a young boy with a new variant (NM_153026.2:c.820G>A, p.Ala274Thr) presenting with

an early infantile epileptic encephalopathy with developmental arrest.

epileptic encephalopathy, genetic epilepsy, intellectual disability, progressive myoclonus

evidenced a single relative in the maternal line with drug-responsive
tonic seizures during childhood. The child’s psychomotor development
before the epilepsy onset was normal.

At the age of 10 months, he manifested prolonged daily clusters
of head-nodding attacks and myoclonic jerks. After the age of
13 months, tonic and focal motor seizures also appeared and progres-
sive developmental delay became apparent (at the age of 14 months
Griffith’s Mental Developmental Scales DQ was less than 50) with
reduced alertness, poor social interactions, and feeding. Despite
ataxia, the child could still walk unsupported at 18 months of age. No
notable dismorphic features or other non-neurological signs and
symptoms were observed. Ictal electroencephalogram (EEG) revealed
generalized delta activity associated with diffuse epileptiform dis-
charges. Interictal EEGs showed multifocal spikes and sharp waves.
Brain magnetic resonance imaging and an extensive neurometabolic
work-up were unremarkable.

Seizures were partially responsive to a combination of adrenocor-
ticotropic hormone (ACTH) (two cycles), valproate, and clonazepam
while other drugs (including phenobarbital, clobazam, pyridoxine, and
vigabatrin) were ineffective.

On the last examination, at 23 months of age, the boy showed
mild ataxia, immature language, hyperactive behavior, and poor eye
contact.

A next generation sequencing panel including 95 genes causing
early infantile epilepsies revealed a novel homozygous missense muta-
tion in the PRICKLE1 gene (NM_153026.2:c.820G>A, p.Ala274Thr).

Both parents were heterozygous carriers of the mutation.

Am J Med Genet. 2018;1-5.

wileyonlinelibrary.com/journal/ajmg

© 2018 Wiley Periodicals, Inc. 1


https://core.ac.uk/display/188825323?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orcid.org/0000-0001-7664-5807
mailto:vincenzo.leuzzi@uniroma1.it
http://wileyonlinelibrary.com/journal/ajmg
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajmg.a.40625&domain=pdf&date_stamp=2018-10-22

MASTRANGELO ET AL.

AMERICAN JOURNAL OF JEINE
2—I—Wl LEY medical genetics

AN

o)eoud|eA 0}
aAIsuodsal
Allened

9jeoid|eA 03
aAIsuodsal
Ajlened

9jeweddoy Jo
91eoid|eA 03
aAIsuodsay

AN

ojeoud|eA 0}
aAIsuodsal
Allened

9jeoudjeA 03
aAIsuUodsay

91eoidjeA 03
aAIsuodsay

9jeoud|eA 03
SAIsuodsay

JusWyeas)

ondsjidanue
0} asuodsay

AN

AN

yieaq

(de)
punoq

BICRIEETIYY

AN

AN

dN

AN

AN
awo21nQ

AN

|ewLION

|ewLIoN

|EULION

|ewloN

[N

|ewLoN

|ewLION

|ewloN

RN utelg

|ewLoN

suoI3aJ Jo3s0d ay3 J9A0
anem 1dsAjod 1o snem pue
1ds SNoUOUYdUAS ‘[elaje|ig

sa84eydsip wuoynidajida yum

punoJ3xoeq mols Aj3ysis

AJIAIsuasoloyd pue

sa81eydsip anem-ayidsAjod

10 aAem-ay1ds
pazijesauad ypm 3uimols
punousoeq asnyip plIN

pajiodal JoN

AJIAIDDE 9ABM-MO|S/dueys

|lewsAxoJed 10 pazijesausn

AJIAIDDE 9ABM-MO|S/dueys

|lewsAxoJed 10 pazijesausn)

AJIAIIDE 9ABM-MO|S/dueys

|lewsAxoJed 1o pazijesausn)

AYIAIDOE 9ABM-MO|S/dueys

|ewsAxoJed 10 pazijesausn)

933

(pa3533 J0U) ON

(pa3sa3 30u) ON

(pa3s33 J0U)
PIIIN

(pa3sa1 41
pauodau jou)
pliw o oN

(pa3sa3 j0u) ON

(p®3s91 J0U) ON

(pa3sa3 30u) ON

(p®3s91 J0U) ON

(pa3sa3 30u) ON

Aypqesip
|en3a3j|au|

(pa3533 J0U) ON

(pa3sa3 30u) ON

(pa3s91 J0U) ON

(3d ) saA

(pa3sa3 J0u) ON

(p®3s91 10U) ON

(pa3sa3 30u) ON

(p®3s91 J0U) ON

(pa3sa3 30u) ON

Aejap
|eauswdojaAaq

Asda|ids
21UO|D0AW BAISSD430.1d

Asda|ida
2luoP0AW dAIssa.u304d
£2]UOJD 21U} PIZI|eJaUID)

Asdajda
21UO|D0AW dAIssa80.4d
£2]UOJD 21U} PIZI|eJaudD)

Asda|ids snuopoAw
9AIssaJ30.d pue (3d /)
21U0[2-21U0}
‘(ad 7) Yroq 1o
(3d 1) 21U0|2-21UO}

10 (3d G) 21UO|20AN

Asds|idasnuopoAw
9AISsa.801d

AsdajidasnuojpoAw
aAIssaIS04d DIU0Y

Asda|idasnuopoAw
aAIssaIS04d DIU0}Y

Asda|idasnuopoAw
9AIssai80.d Djuoly

Asdajida snuopoAw
aAIssaJ80ud Dluoly

sadA} ainziag

(dN) S9Xa1J21 quui| Judsqe

‘Ayzedoinau |euoxe
‘sisased azed piemdn
(A ) s2unziag
(1A ) eynesAg
(4A €) eixery

(dN) S9xy21 quui| Juasqe

‘Ayredoinau |euoxe
‘sisaled oze3 piemdn
(A ) s2unzIag
(A ) euypesAg
(1A ) eixery
(4N) soxaya.
quii| paseaJdap
‘Ayjedolnau [euoxe
‘sisaled ozed piemdn
(1A ) s2InzIasg
(1A ) euynesAg
(1A ) eixery

(1A OT-G) Sa4nzIvg

(4N) snuopoAw
1534 pue uoiPy
(dN) exery

(A £ :93e ueaw)
Asda|ida
SNUOID0AW 3AISS2430.1d
(4A G-p) eixery
(1A 8) saunziag
(4N) euyesAq
(1A €) Jowa.} pueH
(ow gT) eixery
(1A 6) S2unzIas
(¥N) euyesAq
(A {) Jowaa] puey uondy
(ow GT) eIxey
(A 6) sainziag
(4N) elypesAqg
(A {) Jowa1] puey uondy
(ow gT) eixely
(1A OT) saunziag
(4A 0T) BlYESAQ
(4A OT) 3USWSAOW
puey Axyual as1eo)
(A 1) Jowa1} uoNOY
(ow gT) eixery

(sisoueip/3asuo je agde)
sainjeay [eaiuld

Ay

A 6

ATT

A LE-LT

AN

g

A ZT

A GT

1A 81
uoljenjeas
ay} je a8y

(WOH)
uDyOT8IVd
V<OTTED

(WOH)
uDKOT8IV'd
V<OTITED

(INOH)
upyoTIy'd
V<OTTED

(INOH)
uDLOTSIyd
V<OTTED

(WOH)
ULyt d
V<OTTED

(WOH)
uDKOT8IV'd
V<OTITED

(WOH)
uDKOT8IV'd
V<OTTED

(INOH)
uDLOT8Iyd
V<OTIED

(WOH)
uDyoTSIv'd
V<OTTED

juenep

4
(800Z “le 32
ynsseq) €T

4
(800 “Ie 32
nsseq) ¢g

W
(800zZ “|e 32
ynsseq) Tg

(47 pue N t)
(800 “Ie 32
ynsseg) 0Z-€T

(d€ pue N G)
(800zZ “le 32
nsseq) Z1-S

W
(800zZ “le 32
ynsseg)

4
(800Z “le 32
ynsseg) €

4
(800 “Ie 32
v_swmmmv YA

4
(8007 “le 3
snsseg) T

Xas juaned

auad TIDIDIYd Ul syueliea djuadoyied SulAiied ainjesall| ay3 wody sjualied |je o s3uipuly 3uiSewloinau pue ‘933 ‘eduld T 31av.L



(wedazeuopd
pue ‘ajeoud|ea
‘HLOV 03
aAIsuodsal
Allened

AN

AMERICAN JOURNAL OF JNE
WILEY medical genetics J—s

AN

AN

AN

AN

AN

AN

AN

AN

AN

AN
jJuswieas)
ondsjidanue
0} asuodsay

MASTRANGELO ET AL.

AN

AN

AN

AN

AN

AN

AN

AN

AN

AN

AN

AN
awo21nQ

|euLION

|euLION

euA3o.o1wAjod
‘AleSawo|ndLIJuUSA
pjiw ‘wnsojjes
sndiod

a3 Jo sisauady

AN

AN

AN

AN

AN

AN

AN

AN

AN
RN utelg

Juaonb [eausWdoPASp = D SYIUOW = oW (SJedA = JA {papodal Jou = YN ‘SnoSAzosalay = | JH ‘SnoSAzowoy = NOH 9w = |A 9]ewa) = 4 "2I0N

s93.1eydsIp saAem

pue ay[ids pazijesauad

Jo sanem dieys pue

soyids s|diynw/saxids

Y3Im pajeldosse
AJIAIDDE B)|Sp pazZifelsusn)

sa3Jeyosip sanem
pue 9yj1ds pazijessuan)

AN

AN

AN

4N

AN

AN

AN

AN

AN

sadseydsip
ondajidspazijessuss

933

SOA

(pa3say 41
paniodal jJou) saA

AN

N

AN

4N

AN

AN

AN

AN

AN

(Po3s33 30U) PIIA

Aujigesip
[en323j93u]

oN

(po3say 41
paniodau Jou) saA

AN

AN

AN

daN

AN

AN

AN

AN

AN

N

Aejap
|eauswdojaAaq

$91nz|9S J0j0W |e20) pue
‘21U0} 21UO[P0AW DIU0IY

$9.INZI9S JIUO|I0AN

AN

AN

AN

AN

AN

AN

4N

dN

Asda|idad1uopoAws|iusAng

$3INZISSIIUODOAA

sadA} ainziag

(ow gT) eixeje pliA
(ow 0t)
Ayjedojeydadus ondajid3y

(1A 9) JopIosip wnudads wsiny
(44 9) Avljiqesip [en3as||93ul PIIA
(ow gT) Aejap |ejuswdofpAaq
(ow /) saunzisg

sisougelp |ejeuald

(¥N) sisauadejepned

(4N) 912208uluUsWORAA

(4N) 919203uluaWO|BAN

(4N) 919208uluUsWORAN

(¥N) piod

PaJay31a] pue ‘uoijewojjew

11 dA] uely) ‘snjeydadolpAy
‘919203ulusWOolPAW [esdesoquinT

(IN)
9|9203uluswOolpAW|eIOESOqUINT

(AN 11
adAjelpAwojews)selq

(4N) sa.nzies

(dN) saunzies

(sisoueip/3asuo je agde)
sainjeay [eaiuld

W 0T

A/

Syoam 4T
J0 snja4

AN

AN

AN

AN

A ze

4N

A ZZ

AN

AN
uoljenjeas
ay} je a8y

(WOH) 583 IO
yly/zend W
V<9028 S€
W

oAou 3P (8TOZ “Yinsseg
V<O¥ry1'02 3 ppol) ¥€
(38y) AN

BVEYTISd  (STOT “MaYS
O<L LTy 13 nssed) €€

(32u) W
usyT//dsy'd  (1T0Z “le3@
V<DITET 2 losog) zg
(30u) ]
audse/sesd  (TTOZ “lede
1<291222 10s0g) T
(32u) W
sADzg9siv'd  (TTOZ “le1®
1<D¥¥0T™ l0sog) 0
(32u) W
1INOSSIEAd  (TTOT B39
V<8791 10s0g) 62
(32u) N
BINGLZyLd  (TTOC B3
1<0¥C8™ l0sog) 82
(33y) N
sIHTgusy'd  (TTOZ "3
D<VI¥T?d 10s09) £T
(32u) E|
JyLe9alrd  (170Z “lB IR
<1 9022 l0s0g) 92
(32u) 4
SIHZ/pAL'd  (TTOZ “le 39
D<1¥TPID oel) sz
(32u) W
SIHpPT8Iv'd  (TTOC “[e3e
V<OTEYD oel) ¥z
jueriep X3S juaned

(penunuo)) T 3I1avl



MASTRANGELO ET AL.

* L WILEY medical genetics
3 | DISCUSSION

Table 1 summarizes mutational data and clinical characteristics of the
patients with PRICKLE 1-related encephalopathy so far reported (Bassuk
et al., 2008; Bassuk & Sherr, 2015; Bosoi et al., 2011; Tao et al., 2011;
Todd & Bassuk, 2018). PME has been reported in 23 subjects with
homozygous variants and in two patients with heterozygous variants
(Table 1; Ehaideb et al., 2014; Paemka et al., 2015; Tao et al., 2011).

A positive neurocognitive outcome and a complete or partial
responsiveness to valproate were reported in almost all cases
(Table 1; Bassuk et al., 2008; Bassuk & Sherr, 2015; Bosoi et al., 2011;
Tao et al, 2011; Todd & Bassuk, 2018). In some patients (patients
4,7, and 8 in Table 1 and the case reported here) a minor efficacy of
antiepileptic treatment was observed even if no specific phenotypic
feature was highlighted as a reliable predictor for an optimal respon-
siveness (Bassuk et al., 2008; Bassuk & Sherr, 2015; Bosoi et al.,
2011; Tao et al., 2011; Todd & Bassuk, 2018).

The patients so far reported presented a later onset of seizures
(mean age higher than 4 years with the significant exception of
patient 34 in Table 1 who was a 7-month-old male carrying a de novo
mutation and presenting with myoclonic seizures) and a less severe
epilepsy than our patient (Bassuk et al., 2008; Bassuk & Sherr, 2015;
Bosoi et al., 2011; Tao et al., 2011; Todd & Bassuk, 2018).

Epilepsy with pleomorphic seizures and concomitant developmen-
tal arrest suggested the diagnosis of epileptic encephalopathy in our
patient. Seizures-related developmental and cognitive impairment
have not been mentioned as part of the PRICKLE1-related phenotypes
even though a systematic neurodevelopmental evaluation has not
been performed in the previously reported patients (Table 1; Bassuk
et al., 2008; Bassuk & Sherr, 2015; Bosoi et al., 2011; Tao et al., 2011;
Todd & Bassuk, 2018). Variants of PRICKLE1 might contribute to epi-
leptogenesis via various mechanisms such as: (a) impairment of calcium
mediated signaling in different brain regions, especially the cortex,
thalamus, and hippocampus; (b) impairment of microtubule-associated
vesicle transport of neurotransmitters; and (c) dysregulation of neur-
ites’ outgrowth and neuronal connectivity (Bassuk et al., 2008; Ehai-
deb et al., 2014; Todd & Bassuk, 2018).The mutation c.820G>A was
indicated as pathogenic by different in silico prediction softwares
(Mutation Taster, Polyphen 2, and SIFT) and the Combined Annotation
Dependent Depletion (CADD) score was of 31. Three individuals het-
erozygous for this mutation, none homozygous, were present in the
GnomAD database (http://gnomad.broadinstitute.org/). Mutation
Taster and Interpro analysis predicted loss of the third Lin11-Isil-
Mec3 (LIM) zinc binding domain of the protein. As a consequence of
the p.Ala274Thr transition, the substitution of an alanine residue with
threonine changes the polarized protein distribution that is required
for planar cell polarity signaling. A similar effect was demonstrated in
zebrafish for a mutation involving an adjacent residue (p.Thr275Met),
which had been detected in a patient with neural tube defect and
hydrocephalus but no epilepsy (Bosoi et al., 2011).

The role of PRICKLE1 in different aspects of embryo neurodeve-
lopment would suggest that cognitive and neurological functions can
be impaired as a direct consequence of the defective protein, although

severe epilepsy might have worsened the clinical picture (Bassuk et al.,

2008; Bassuk & Sherr, 2015; Bosoi et al., 2011; Tao et al., 2011).
Moreover, the alterations of neuronal signaling and networking
cascades in which PRICKLE1 is involved may result in dysfunctions of
RE-1 silencing transcription factor or ubiquitin-specific peptidase 9
X-linked, which may as such contribute to the worsening of cognitive
status (Bassuk et al., 2008; Paemka et al., 2015; Todd & Bassuk, 2018).

4 | CONCLUSIONS

This clinical report highlights the fact that in the context of an epilep-
tic encephalopathy with developmental arrest, early onset severe
PME-ataxia syndrome can be a PRICKLE1-associated phenotype.
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