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Introduction: PRRT2 is a major causative gene for self-limited familial

neonatal-infantile epilepsy, paroxysmal kinesigenic dyskinesia, and paroxysmal

kinesigenic dyskinesia with infantile convulsions. Voluntary movement trigger

is prominent in adolescence and adulthood, but the triggers are unknown

in infants.

Methods: A gene panel designed for targeted next-generation sequencing

(NGS) was used to screen genetic abnormalities in a cohort of 45 cases

with infantile convulsions. The copy number variation was detected by a

computational method based on the normalized depth of coverage and

validated by a quantitative real-time polymerase chain reaction (RT-qPCR)

method. The genotype-phenotype correlation of the PRRT2 mutation gene

was analyzed.

Results: A de novo heterozygous PRRT2 deletion was identified in a

child who had infantile convulsions induced by vigorous sucking. Seizures

happened during the change of feeding behavior from breast to formula,

which led to hungry and vigorous sucking. Ictal electroencephalograms

recorded seizures with focal origination, which provided direct evidence of

epileptic seizures in infants with PRRT2 mutations. Seizures stopped soon

after the feeding behavior was changed by reducing feeding interval time

and extending feeding duration. Data reanalysis on our previously reported

cases with PRRT2 mutations showed that six of 18 (33.3%) patients had

infantile convulsions or infantile non-convulsion seizures during feeding. The

mutations included two truncating mutations (c.579dupA/p.Glu194Argfs∗6,

and c.649dupC/p.Arg217Profs∗8) that were identified in each of the three

a�ected individuals.

Conclusions: This study suggests that feeding, especially vigorous sucking,

is potentially a trigger and highlights the significance of feeding behavior in
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preventing seizures in infants with PRRT2 mutations. Identification of PRRT2

haploinsu�ciency mutations in the patients with infantile convulsions induced

by sucking suggested a potential genotype-phenotype correlation.

KEYWORDS

PRRT2, infantile convulsion, seizures, sucking-induced, genotype-phenotype

correlation

Introduction

The PRRT2 gene (OMIM: 614386) encodes a

transmembrane protein containing a proline-rich domain

in the N-terminal half and being involved in synaptic

transmission (1). PRRT2-associated diseases are mainly

paroxysmal kinesigenic dyskinesia (PKD) and paroxysmal

hypnogenic dyskinesia (PHD) in adults and self-limited

familial neonatal-infantile epilepsy or infantile convulsion and

choreoathetosis (ICCA) in infants. Infantile convulsion (IC) is

the most common feature in early life among the wide spectrum

of PRRT2 phenotypes (2). A previous study demonstrated

that self-limited familial neonatal-infantile epilepsy accounted

for 41.7%, PKD accounted for 38.7%, and ICCA accounted

for 14.3% of the PRRT2-associated phenotypes (3). The

PRRT2 mutations previously reported included missense,

non-sense, splicing, deletions, insertions, indels, and complex

rearrangement; and the majority are truncating mutations that

lead to haploinsufficiency. Voluntary movement triggering is

a prominent feature in patients of adolescence and adulthood,

which is highlighted in the diagnostic criteria for PKD (2).

However, the triggers of attacks in early childhood were

unknown. We previously observed several patients with PRRT2

mutations that had attacks during feeding, suggesting sucking

as a possible kinesigenic trigger (4). In this study, we screened

a cohort of 45 cases with infant seizures and identified a

PRRT2 heterozygous deletion mutation in a child with frequent

seizures induced by vigorous sucking and became seizure-free

after changing feeding behavior. We analyzed the clinical and

genetic features of the cases who had attacks during feeding

and found that their PRRT2 mutations were all truncating or

deletion mutations that would lead to haploinsufficiency, which

suggested a potential genotype-phenotype correlation and

clinical significance.

Abbreviations: PKD, paroxysmal kinesigenic dyskinesia; PHD, paroxysmal

hypnogenic dyskinesia; ICCA, infantile convulsion and choreoathetosis;

IC, infantile convulsion; EEG, electroencephalogram;MRI, brainmagnetic

resonance imaging; CNVs, copy number variations; qPCR, quantitative

real-time-polymerase chain reaction.

Materials and methods

Patients

A total of 45 patients with infant convulsion were

recruited from the Epilepsy Center of the Second Affiliated

Hospital of Guangzhou Medical University and the First

People’s Hospital of Foshan. Epileptic seizures and epilepsy

syndromes were diagnosed and classified according to the

criteria of the Commission on Classification and Terminology

of the International League Against Epilepsy (1981, 1989,

2001, 2010, and 2017). The collected clinical data included

detailed semiology, onset age, seizure type, the evolution

of disorder and frequency, family history, response to anti-

seizure medications, general and neurological examination, and

brain magnetic resonance imaging (MRI). Long-term video-

EEG monitoring records that included open-close eyes test,

hyperventilation, intermittent photic stimulation, and sleep

recording were obtained.

This study complied with the principles of the International

Committee of Medical Journal Editors about patient consent

for research or participation. Written informed consent was

obtained from the individuals or legal guardians. Ethical

approval had been obtained from the Ethics Committee of the

Second Affiliated Hospital of Guangzhou Medical University.

Targeted sequencing and filtering

Peripheral blood samples were collected from the probands,

their parents, and other family members if available. Genomic

DNA (gDNA) was extracted using the Qiagen Flexi Gene DNA

Kit (Qiagen, Hilden, Germany). The PRRT2 mutations in the

early six cases in our previous study were identified by direct

Sanger sequencing, targeting the coding regions (4). A custom-

targeted NGS gene panel was performed in recent years to

screen gene abnormalities associated with episodic disorders

(5), including PRRT2, CHRNA4, KCNA1, KCNQ2, KCNMA1,

PNKD, SCN2A, and SLC2A1 genes that are associated with

BFIS and PKD. Trios-based exome paired-end sequencing was

performed on the Illumina Nextseq 500 platform by capture

probe NeuMet_V1. The mean read depth for each sample
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FIGURE 1

EEG recordings from patient with PRRT2 variants. A long-term video electroencephalogram recorded a seizure that started with spikes

originating from the left frontal lobe and gradually generalized, lasting for 75 s, followed by electrical suppression.

was 208-fold. The raw data were aligned to the reference

genome (GRCh37/hg19). Single nucleotide variants (SNVs)

and insertions/deletions (indels) filtering were performed by

using the Genome Analysis Toolkit (6). Stepwise filtering was

applied to the derived candidate causative variants as we

previously described (7). The copy number variations (CNVs)

were performed by a computational method (CNVkit) based on

the normalized depth of coverage, which used both the targeted

reads and the non-specifically captured off-target reads to infer

copy number (8). Sanger sequencing was applied to confirm the

candidate variants.

Quantitative real-time PCR (QPCR)
analysis

The qPCR was used to verify the heterozygous PRRT2

deletion at the gDNA level. The parents were regarded as healthy

controls. Primers F1 (5′-GGATGCAGAGGGAGTGGAATG-

3′) and R1 (5′-CCCAGCACCCCAAAATCAAC-3′) were

designed to amplify the fore part of PRRT2, primers

F2 (5′-GAAGGCACCCAGAAACCTCG-3′) and R2 (5′-

ACAGCATAAGCGAAGGCCAC-3′) were designed to

amplify the middle part of PRRT2, and primers F3

(5′-AACACCTCCCCAACTCTGCG-3′) and R3 (5′-

CCAGGGTGGAGGTCCAGAGAAT-3′) were designed to

amplify the whole length of PRRT2. The total volume of each

sample reaction was 10 µl, including 1.5 µl (15 ng gDNA), 1

µl forward primer (2µM), 1 µl reverse primer (2µM),.2 µl

ROX Reference Dye (50×), 5 µl SYBR Premix Ex Taq (2×),

and 1.3 µl double distilled water. Each sample was run in

triplicate on a 7300 Realtime PCR System (Applied Biosystems)

by using the SYBR
R©

Premix Ex TaqTM Reagent (Takara). The

expression of POLR2A as a reference gene was used for data

normalization. Relative ratios of the gene expression were

calculated by formula: r = 2−11Ct with 11Ct = (CtPRRT2
– CtPOLR2A) ind tested - (CtPRRT2 – CtPOLR2A) ind ref. Values

were calculated about the father and arbitrarily attributed to the

value of 1.0. SPSS 19.0 software (Chicago, USA) was used for

statistical analysis.

Results

One de novo PRRT2 mutation was identified in a child with

infant seizures. The child was a full-term boy who was born
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FIGURE 2

Genetic data of the cases with PRRT2 variants. (A) Copy number variations analysis showed a heterozygous PRRT2 deletion (red arrows). (B)

Relative quantification of genomic DNA (gDNA) confirmed the deletion. The patient presented a reduced PRRT2 gDNA level (half of the level of

his parents). Error bar, mean ± SEM, n = 3; *p < 0.05, vs. his father and mother. (C) Pedigree of the family, showing the heterozygous PRRT2

deletion was a de novo mutation.

to healthy non-consanguineous parents. His early development

was normal. The seizures began at the age of 4 months when

breastfeeding was switched to formula feeding. He presented his

first convulsion when he started sucking eagerly and vigorously.

The seizure began with a deviation of head and eyes to the

right, then cyanosis, and followed by the loss of consciousness

and generalized hypertonic lasting about 1min. The attacks

repeated 2–10 times per day and mostly occurred during

vigorous sucking. The ictal EEGs recorded a seizure that started

with spikes from the left frontal lobe and gradually generalized,

lasting for 75 s, followed by electrical suppression (Figure 1).

Interictal EEGs revealed low voltage spikes and waves in the left

frontal lobe with a normal background. Brain MRI was normal.

Blood routine and biochemical tests were normal. Valproate (16

mg/kg/d) was applied on the third day after onset but did not

stop the seizures. Vigorous sucking was subsequently avoided

by shortening interval time, extending the duration of feeding,

and adding the rice paste. The child was seizure-free since

then (followed-up for 2 years until now). EEG became normal

in the third month after being seizure-free. Valproate was

discontinued after a year. The neurodevelopment was normal

at 3 years of follow-up. Using the gene panel, we failed to find

any pathogenic point mutations in this child. Heterozygous

PRRT2 gene deletion was identified by the computational

method of CNVs (Figure 2A) and validated by the qPCRmethod

(Figure 2B). The mutation was a heterozygous whole deletion of

one allele of the PRRT2 gene, which led to haploinsufficiency.

Co-segregation analysis showed that the mutation was a de novo

mutation (Figure 2C).

We reanalyzed the data from the cohort of 34 individuals

with PRRT2 mutations (Figure 2 in that article) (4). Six patients

were found to have experienced feeding-associated infantile
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TABLE 1 Genetic and clinical characteristics of patients with feeding-induced infantile convulsion/non-convulsion seizure caused by PRRT2

mutations.

Mutation Inheritance/sex Seizure Onset age Frequency Duration Remission age EEG ASMs Evolution/

onset age

c.579dupA/p.Glu194Argfs*6 Familial/Male IC 5 mon. 2–3 times/day 2min. 12 mon. Normal None PKD/7 yr.

c.579dupA/p.Glu194Argfs*6 Familial/Female IC 5 mon. 0–1 time/week 20 sec. 12 mon. Normal None PKD/13 yr.

c.579dupA/p.Glu194Argfs*6 Familial/Female IC 5 mon. 1–2 times/day 20 sec. 12 mon. Normal None PKD/5 yr.

c.649dupC/p.Arg217Profs*8 Familial/Male IC 6 mon. 2–3 times/day 1min. 6 mon. Normal PB PKD/13 yr.

c.649dupC/p.Arg217Profs*8 Familial/Female INCS-IC 8 mon. 4 times-once 1–2min. 9 mon. RTSW VPA NA

c.649dupC/p.Arg217Profs*8 Familial/Male INCS 10 mon. 0–8/day ∼10 sec. 3 yr. RF-Sharp PB PD/9 yr.

Entire PRRT2

heterozygote deletion

De novo/Male IC 4 mon. 2–10 times/day 1min. 5 mon. Spikes VPA Follow-up

ASMs, anti-seizure medications; IC, infantile convulsion; INCS, infantile non-convulsion seizure; NA, no not available; PB, phenobarbital; PD, Paroxysmal dyskinesias; PKD, paroxysmal

kinesigenic dyskinesia; RF, right frontal; RTSW, right temporal slow wave; VPA, Valproate.

convulsions or infantile non-convulsion seizures. The clinical

and genetic features of the patients are summarized in Table 1.

All patients had heterozygous deleterious mutations, including

two truncating mutations, c.579dupA/p.Glu194Argfs∗6,

and c.649dupC/p.Arg217Profs∗8, that were identified

in each of the three affected individuals. Mutation

c.649dupC/p.Arg217Profs∗8 has previously been reported

as a hot-spot mutation (3). Except for the deletion mutation

that was de novo, the others were of familial inheritance.

The average age at onset was 6.1 ± 2.1 months (range 4–10

months). Five patients exhibited classical convulsions. Two

patients presented non-convulsive seizures that manifested as

a stop of suction, loss of responses, and then cyanosis without

a generalized tonic seizure. All patients had normal EEG

backgrounds. Three of them had focal (frontal/ temporal) spikes

and sharp or slow waves. Six were in remission before 12 months

and one was in remission at age of 3 years old. Five patients

developed paroxysmal disorders or paroxysmal dyskinesias later

in adolescence.

Discussion and conclusions

The PRRT2 has been identified as the most common

causative gene of PKD (9) and other paroxysmal disorders. Loss

of function of the gene results in a delay of neuronal migration

and amarked decrease in synaptic density, which were suggested

to be the mechanism underlying PRRT2-associated disease (1,

10). Paroxysmal movement attack induced by triggering is

a prominent feature of the disorders associated with PRRT2

mutations. In this study, we reported seven cases with PRRT2

mutations who presented feeding-induced infantile seizures.

Ictal EEGs recorded a seizure with focal origination in the

case induced by vigorous sucking. This study suggests feeding,

especially sucking, as a potential trigger factor. The seven

cases had deletion or truncating mutations that resulted in

haploinsufficiency of the PRRT2 gene, suggesting a potential

genotype-phenotype correlation. To date, 155 PRRT2mutations

have been identified in patients with episodic disorders (Human

Gene Mutation Database, www.hgmd.cf.ac.uk/ac/index.php).

Mutations of haploinsufficiency accounted for 60.6%, including

truncating, deletion, insertion, and splice-site mutations. The

other mutations were missenses. The hot spot mutation

c.649dupC/p.Arg217Profs∗8 alone even contributed to 73.8%

of PKD/IC etiology in a previous study (3). In our early

cohort, six of the 18 (33.3%) patients with PRRT2 variant

had IC and infantile no-convulsion seizures during feeding

(4). Therefore, feeding potentially triggers movement in infants

with PRRT2 mutations, especially in those with mutations

of haploinsufficiency.

Previously, it was not determined whether the infant

convulsion in patients with PRRT2 mutations was epileptic

seizures in some cases. Marini et al. (11) reported a recorded

focal seizure in a child with PRRT2mutation. The reported case

and the case presented in this study provided direct evidence of

epileptic seizures in infants with PRRT2 mutations. Therefore,

attention should be paid to triggers in infants with convulsions

or seizures. The child in this study got seizure-free since the

change of feeding behavior, highlighting the significance of

feeding behavior in the early prevention of epileptic seizures

and the possible secondary brain injury due to frequent seizures.

Vigorous sucking behavior, such as feeding in hunger, should be

avoided by maneuvers like reducing feeding interval time and

extending feeding duration in infants with PRRT2 mutations.

This case also suggests sucking-induced seizures as a reminder

of PRRT2 mutations and further genetic tests. Although some

patients do not have seizures after a year or two, frequent

seizures are harmful. It is crucial to identify the trigger and use

appropriate antiepileptic drugs, such as carbamazepine, to stop

the seizures.

In conclusion, we identified a de novo heterozygous PRRT2

deletion in a patient who presented infantile seizures induced by
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sucking. Data reanalysis on our previously reported cases with

PRRT2 mutations showed that 33.3% of patients had infantile

convulsions or infantile no-convulsion seizures during feeding.

This study suggests sucking as a potential trigger movement in

infants with PRRT2 mutations, highlighting the significance of

feeding behavior in the early prevention of epileptic seizures.

All seven patients had PRRT2 mutations of haploinsufficiency,

suggesting a potential genotype-phenotype correlation.
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