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Abstract
To analyze the clinical characteristics and PRRT2 gene mutation of self-limited familial infantile epilepsy and evaluate the 
treatment responses of different antiepileptic drugs in self-limited familial infantile epilepsy. We reviewed the clinical fea-
ture and genetic mutation results and treatment responses of two sibling sisters. They were detected with the PRRT2 gene 
mutation through Sanger sequencing. Elder sister was treated with oxcarbazepine oral suspension, while younger sister was 
treated with levetiracetam oral solution. The two sibling sisters exhibited PRRT2 heterozygous mutation inherited from 
their mother in c.649dupC p.(Arg217fs). Oxcarbazepine oral suspension had an immediate effect on the elder sister who 
was treated with it. However, levetiracetam oral solution had no effect on younger sister even though the dose was increased, 
but she got seizure-free after turning to oxcarbazepine oral suspension. Oxcarbazepine, which plays the mechanism of the 
sodium channel blockers, has a more significant effect than levetiracetam, which has no mechanism of the sodium channel 
blockers in self-limited familial infantile epilepsy. The PRRT2 gene of infantile epileptic patients with a family history of 
infantile convulsions or paroxysmal kinesigenic dyskinesia(PKD) could be detected by sanger sequencing and a biomarker 
to select antiepileptic drugs which play the mechanism of the sodium channel blockers could be utilized.
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Background

Benign familial/non-familial partial seizures in infancy were 
first proposed by Watanabe et al., as benign partial epilepsy 
in infancy(BPEI) with complex partial seizures (CPS) or 
secondary generalised seizures (SGS) and Watanabe et al., 
also proposed a clinical entity of BPEI combining BPEI 
with CPS and BPEI with SGS [1–3]. Thereafter,  patients 
reported by Vigevano et al. [4], namely “Benign Infantile 
Familial Convulsiosimilarns”. Then the reports of the dis-
ease increased gradually. In 2001, the International League 
Against Epilepsy (ILAE) proposed that benign familial 

infantile convulsions (BFIC) should be classified as an inde-
pendent epilepsy syndrome and be classified as familial focal 
epilepsy, which is also known as benign familial infantile 
seizures (BFIS). In 2010, ILAE commission revised the ter-
minology and concepts for organization of seizures and epi-
lepsies and modified it to benign familial infantile epilepsy 
(BFIE) as an electroclinical syndrome [5]. At the same time, 
ILAE recommended the descriptive term ‘‘self-limited’’ 
instead of “benign” [5]. According to new terminology and 
definitions of 2017 ILAE classification of the epilepsies, 
the term “benign” should be replaced by “Self-limited” or 
“pharmacoresponsive”, because the term “benign” under-
estimate the impact of epilepsy’s comorbidities on an indi-
vidual’s life [6]. At present, ILAE uses the term self-limited 
familial (and non-familial) infantile epilepsy [7], “Self-
limited” referred to the likely spontaneous resolution of a 
syndrome [6]. In families with self-limited familial infantile 
epilepsy, some affected members may present paroxysmal 
choreoathetosis [8]. Therefore, infantile convulsions with 
paroxysmal choreoathetosis (ICCA) syndrome was proposed 
to describe benign infantile epilepsy (BIE) and dyskinesia 
appeared successively in one individual or different affected 
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individuals in one family. Most of them were motor evoked, 
alternatively, paroxysmal kinesigenic dyskinesia (PKD).

Great progress has also been made in the study of patho-
genic genes in self-limited familial infantile epilepsy. Chen 
et al. [9], using whole-exome sequencing followed by Sanger 
sequencing, identified that mutations within proline-rich 
transmembrane protein 2 (PRRT2) gene was related to 
PKD in Han Chinese families. Research also confirmed that 
more than 70% of children with self-limited familial infantile 
epilepsy and almost all patients with ICCA were related to 
PRRT2 gene mutations [10]. At present, PRRT2 gene muta-
tions were considered to be the main cause of self-limited 
familial infantile epilepsy, PKD and ICCA. Therefore, the 
concept of PRRT2-associated paroxysmal diseases was pro-
posed based on gene linkage analysis and common clinical 
characteristics [11]. Among different PRRT2 mutations, 
c.649dupC was so far the most common cause of self-limited 
familial infantile epilepsy [12]. Herein, we report different 
experiences of two PRRT2-associated self-limited familial 
infantile epilepsy.

Methods

PRRT2 gene detection method

The primers of PRRT2 gene (nm_145239.2) covering the 
target gene exons and their flanking regions for PCR were 
designed by Primer 3 (https ://bioin fo.ut.ee/prime r3-0.4.0/
prime r3/). Its primers consisted of 5′CTG AGA CAG GAA 
TGT GGC C3′ (sense) and 5′GTG GCT CAG AGG GTT AGG 
TC3′ (antisense) for Exon2, 5′CTT CAC TCC TCC TTC CTC 
CC3′ (sense) and 5′CTG TAA ACA AGG CCG CTC AG 3′ 
(antisense) for Exon3-4. The DNA sample of PRRT2 gene 
(exon and its flanking sequence) was amplified by Taq 
DNA polymerase kit. After amplification, the electropho-
resis bands were clear and specific, and Sanger sequenc-
ing was performed by the Life 3500 Dx sequencing instru-
ment. Sequencing data is analyzed with Mutation Surveyor 
Software, and judge the pathogenicity of genetic mutation 
according to literature and several databases (including 1000 
Genome, ExAC, ESP, HGMD, ClinVar, etc.).

Ethics

Informed consent was obtained from the parents legal rep-
resentative and patients were enrolled after their eligibility 
assessment. This study was approved by the Independent 
Ethics Committees and Institutional Review Board of the 
Second Affiliated Hospital and Yuying Children’s Hospital, 
Wenzhou Medical University (No.LCKY2018-11), and was 
conducted according to the ethical principle of the Declara-
tion of Helsinki.

Results

Clinical manifestations

Two sibling sisters were diagnosed with self-limited familial 
infantile epilepsy according to Report of the ILAE Classifi-
cation Core Group. Their mother and mother’s younger half-
brother had a history of seizure in infancy but had no formal 
treatment. Both of them were in remission within 2 years old 
and outcome was favorable. Elder sister was diagnosed at 
the age of 10 months in our hospital in July 2010, younger 
sister was diagnosed at 3 months old in another hospital in 
September 2018 and transferred to our hospital at 6 months 
old in December 2018. Both of them presented focal sei-
zure and/or GTCS. Attacks presented with motor arrest, 
slow deviation of the head and eyes to one side, generalized 
hypertonia, cyanosis, synchronous or asynchronous limb 
tonic–clonic jerks, first started unilateral, then became bilat-
eral and seizures may occur in several clusters per day, for a 
period varying from 1 to 4 days, most attacks occur during 
the awake period. Both background of the ictal video-EEG 
were normal. Cranial MRI were normal. Psychomotor and 
neurologic development were normal before and after the 
episodes.

Genetic findings

Elder sister did not take PRRT2 gene test in time after diag-
nosis. Because at that time, the relationship between self-
limited family infantile epilepsy and PRRT2 was not clear. 
Younger sister took PRRT2 gene detection about 3 months 
after diagnosis when she was transferred from another hospi-
tal to our hospital. At the same time, we tested the elder sis-
ter’s PRRT2 genes, even though she was 9 years old and got 
seizure-free several years ago. The result showed that both 
of them had PRRT2 heterozygous mutation in c.649dupC 
p.(Arg217fs) which inherited from their mother(Fig. 1). The 
patients with a positive family history were characterized by 
an autosomal dominant trait.

Treatment responses

The elder sister was treated with oxcarbazepine (OXC) 
oral suspension with an initial dosage of 1.5 ml twice daily 
(60 mg/ml, 15 mg/kg days) after diagnosis in our hospi-
tal at the age of 10 months (weight 12 kg). Consequently, 
OXC had an effect and she got seizure-free immediately. We 
tested the serum concentration of active metabolite of OXC 
after 2 weeks of treatment in the morning before taking the 
drug and the value was 10.1 μg/ml. The OXC dose is con-
stant during the treatment. The outcome of elder sister was 
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favorable with no developmental delay and cognitive impair-
ment and she stopped taking OXC at 3 years old without 
recurrence during the following more than 7 years. However, 
younger sister was initially treated with levetiracetam (LEV) 
oral solution with an initial dosage of 0.6 ml twice daily 
(100 mg/ml, 20 mg/kg days) in another hospital at 3 months 
old (weight 6 kg), but it had no effect. The dosage of LEV 
was increased gradually every month by 20 mg/kg daily until 
the maximum recommended dose of 60 mg/kg daily in more 
than 1 month. Unfortunately, seizure still could not be con-
trolled. But she got seizure-free immediately after turning to 
OXC oral suspension at the initial dosage of 0.75 ml twice 
daily (60 mg/ml, 10.59 mg/kg days) after transferring to 
our hospital at 6 months old (the weight was 8.5 kg at that 
time). The serum concentration of active metabolite of OXC 
was tested after 2 weeks treatment of OXC, the value was 
6.5 μg/ml and we did not increase the dosage. We reduced 
the dosage in follow-up after 1 year (18 months old, weight 
was 11 kg), from 0.75 ml twice daily (8.18 mg/kg days) to 
0.50 ml twice daily (5.45 mg/kg days) and the seizure did not 
recur and the psychomotor development of young sister was 
also normal. We are planning to reduce the dose to 0.25 ml 
twice daily (2.73 mg/kg days) and stop OXC at 2 years old. 
It’s worth mentioning that it is not necessary to increase the 
dose of OXC with the weight gaining of infants younger than 
1 year of age because low dosage OXC could still continue 
to control the seizures.

Discussion

The clinical characteristics of self-limited familial infantile epi-
lepsy are clusters of brief focal seizures onset of 3–12 months 
after birth and can progress to secondary generalized seizures. 
The genetic pattern of self-limited familial infantile epilepsy 
is autosomal dominant inheritance with imperfectness of pen-
etrance and has genetic heterogeneity. Among genes associated 
with self-limited familial infantile epilepsy, PRRT2 gene is 

the most important pathogenic gene of self-limited familial 
infantile epilepsy [12–14] and the mutational hot spots are 
c.649dupc and c.649delc, among which c.649dupc is the 
commonest mutation leading to self-limited familial infantile 
epilepsy [12], which is consistent with the cases reported in 
this paper.

Despite the lack of large-scale research evidence, exist-
ing reports indicate that common PRRT2 mutations are more 
likely to get remission through carbamazepine treatment and 
the effective dosages might be much lower than it used to 
treat epilepsy [11]. PKD patients generally respond rapidly to 
anticonvulsants, including carbamazepine, phenytoin or other 
anticonvulsive, such as valproate, oxcarbazepine, lamotrigine, 
levetiracetam and topiramate. Yang et al. [15] compared the 
efficacy and tolerability of OXC and CBZ in the treatment of 
PKD patients aged 13–33 years, the results showed that both of 
them can markedly reduce the attack frequency and the degree 
of reduction are similarly. Pan et al. [16] suggested low doses 
of OXC in the range 5–20 mg/kg days as draughts in the morn-
ing can be an effective treatment option for paediatric PKD 
patients, for 19 patients stopping dyskinesia attacks in total 
20 patients. Zhang et al. [17] reported a PRRT2 heterozygous 
mutation in a three generations Chinese family with ICCA 
and PKD and found oxcarbazepine/phenytoin treatment was 
dramatically effective for them.

Self-limited familial infantile epilepsy is a self-limiting 
seizure disorder with favorable outcome. In most cases, a sin-
gle anticonvulsant can completely control the attacks and a 
combined anticonvulsants treatment is rarely necessary. Zhou 
et al. [18] reported 15 children aged 4 months–15 years old 
with PRRT2-associated paroxysmal diseases, among them, 2 
cases went into remission through the first choice of valproate 
treatment. However, in 11 cases who treated with levetiracetam 
as the first choice, 6 cases achieved remission, but 5 cases were 
not well controlled and had to add or replace with valproate, 
topiramate or oxcarbazepine for control. Ebrahimi-Fakhari 
et al. [11] analyzed the pharmacotherapy of self-limited famil-
ial infantile epilepsy, the results showed that the top three anti-
convulsants were phenobarbital, carbamazepine and valproate. 
We report two PRRT2-associated self-limited familial infan-
tile epilepsy of sibling sisters in a family, both of them were 
in rapid remission through oxcarbazepine treatment, but not 
levetiracetam. It suggests that PRRT2-associated self-limited 
familial infantile epilepsy has a better response to oxcarbaz-
epine than levetiracetam, which may be related to the blocking 
mechanism of sodium channel.

Conclusion

Antiepileptic drugs (Oxcarbazepine Oral Suspension) which 
play the mechanism of the sodium channel blockers have 
a more significant curative effect for PRRT2-associated 

Fig. 1  PRRT2 heterozygous mutation in c.649dupC p.(Arg217fs)
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self-limited familial infantile epilepsy. For patients with 
a family history of self-limited familial infantile epilepsy, 
PKD or ICCA, the PRRT2 gene could be detected by sanger 
sequencing and used as a biomarker for the selection of 
anticonvulsants.

Funding The study was financially supported by the international clini-
cal technology exchange program for clinicians (2015, Royal Free Hos-
pital), at the province-level medical institutions of Zhejiang Province.

Compliance with ethical standards 

Conflicts of interest The authors declare no conflicts of interest. We 
confirm that we have read the Journal’s position on issues involved in 
ethical publication and affirm that this report is consistent with those 
guidelines.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Watanabe K, Yamamoto N, Negoro T, Takaesu E, Aso K, Furune 
S, Takahashi I (1987) Benign complex partial epilepsies in 
infancy. Pediatr Neurol 3:208–211

 2. Watanabe K, Negoro T, Aso K (1993) Benign partial epilepsy with 
secondarily generalized seizures in infancy. Epilepsia 34:635–638

 3. Okumura A, Hayakawa F, Kuno K, Watanabe K (1996) Benign 
partial epilepsy in infancy. Arch Dis Child 74:19–21

 4. Vigevano F, Fusco L, Di Capua M, Ricci S, Sebastianelli R, Luc-
chini P (1992) Benign infantile familial convulsions. Eur J Pediatr 
151:608–612

 5. Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van 
Emde BW, Engel J, French J, Glauser TA, Mathern GW, Moshé 
SL, Nordli D, Plouin P, Scheffer IE (2010) Revised terminology 
and concepts for organization of seizures and epilepsies: report 
of the ILAE Commission on Classification and Terminology, 
2005–2009. Epilepsia 51:676–685

 6. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, 
Guilhoto L, Hirsch E, Jain S, Mathern GW, Moshé SL, Nordli 

DR, Perucca E, Tomson T, Wiebe S, Zhang YH, Zuberi SM 
(2017) ILAE classification of the epilepsies: position paper of the 
ILAE commission for classification and terminology. Epilepsia 
58:512–521

 7. International League Against Epilepsy (2019) The ILAE Commis-
sion on Classification and Terminology. https ://www.epile psydi 
agnos is.org/. Accessed 18 Nov 2019

 8. Szepetowski P, Rochette J, Berquin P, Piussan C, Lathrop GM, 
Monaco AP (1997) Familial infantile convulsions and paroxysmal 
choreoathetosis: a new neurological syndrome linked to the peri-
centromeric region of human chromosome 16. Am J Hum Genet 
61:889–898

 9. Chen WJ, Lin Y, Xiong ZQ, Wei W, Ni W, Tan GH, Guo SL, He 
J, Chen YF, Zhang QJ, Li HF, Lin Y, Murong SX, Xu J, Wang 
N, Wu ZY (2011) Exome sequencing identifies truncating muta-
tions in PRRT2 that cause paroxysmal kinesigenic dyskinesia. Nat 
Genet 43:1252–1255

 10. Li HF, Chen WJ, Ni W, Wang KY, Liu GL, Wang N, Xiong ZQ, 
Xu J, Wu ZY (2013) PRRT2 mutation correlated with phenotype 
of paroxysmal kinesigenic dyskinesia and drug response. Neurol-
ogy 80:1534–1535

 11. Ebrahimi-Fakhari D, Saffari A, Westenberger A, Klein C (2015) 
The evolving spectrum of PRRT2-associated paroxysmal diseases. 
Brain 138:3476–3495

 12. Steinlein OK, Villain M, Korenke C (2012) The PRRT2 mutation 
c.649dupC is the so far most frequent cause of benign familial 
infantile convulsions. Seizure 21:740–742

 13. Marini C, Conti V, Mei D, Battaglia D, Lettori D, Losito E, 
Bruccini G, Tortorella G, Guerrini R (2012) PRRT2 mutations in 
familial infantile seizures, paroxysmal dyskinesia, and hemiplegic 
migraine. Neurology 79:2109–2114

 14. Yang X, Zhang Y (2015) Progress in molecular genetics of benign 
familial infantile epilepsy. Zhonghua Er Ke Za Zhi 53:315–318

 15. Yang Y, Su Y, Guo Y, Ding Y, Xu S, Jiang Y, Wang S, Ding M 
(2012) Oxcarbazepine versus carbamazepine in the treatment of 
paroxysmal kinesigenic dyskinesia. Int J Neurosci 122:719–722

 16. Pan G, Zhang L, Zhou S (2019) Clinical features of patients with 
paroxysmal kinesigenic dyskinesia, mutation screening of PRRT2 
and the effects of morning draughts of oxcarbazepine. BMC Pedi-
atr 19:439

 17. Zhang LM, An Y, Pan G, Ding YF, Zhou YF, Yao YH, Wu BL, 
Zhou SZ (2015) Reduced penetrance of PRRT2 mutation in a 
chinese family with infantile convulsion and choreoathetosis syn-
drome. J Child Neurol 30:1263–1269

 18. Zhou YQ, He YZ, Wang CJ, Wang YY, Han F, Yao RE, Wang 
J, Chen Y, Wang JW (2019) Clinical characteristics and genetic 
features analysis of PRRT2-associated paroxysmal diseases. J Clin 
Pediatr 37:616–620

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://www.epilepsydiagnosis.org/
https://www.epilepsydiagnosis.org/

	Different experiences of two PRRT2-associated self-limited familial infantile epilepsy
	Abstract
	Background
	Methods
	PRRT2 gene detection method
	Ethics

	Results
	Clinical manifestations
	Genetic findings
	Treatment responses

	Discussion
	Conclusion
	References




