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a b s t r a c t

Early onset epileptic encephalopathies (EOEE) are heterogeneous group of severe epilepsies

that still need to be better defined and characterized. On a genetic point of view, several

dozen of genes have been associated with EOEE, and to date, it is difficult to find a common

mechanism to explain EOEE. In this short review, we show that two mains genes are

involved in EOEE: STXBP1 and KCNQ2. Focusing on KCNQ2 related EOEE, we show that a

relatively similar phenotype can be related to various consequences of mutations on a single

gene. This will probably challenge the treatment of EOEE patients.
1. Introduction

Early epileptic encephalopathies (EEE) are a heterogeneous

group of diseases characterized by the association of severe

epilepsy and permanent abnormal neurological examination,

as part of a developmental disorder. These are serious

diseases, with severe prognosis in terms of neurological

disability. Given the early and immediately severe nature of

epilepsy, it is very difficult to determine whether the

developmental disorder is secondary to seizure activity

(seizures and interictal activities) or to genetic abnormality

by itself (mutation in an ion channel, for example). So, the

term of epileptic encephalopathy is probably used by excess,

at least in some cases [1]. Currently, the vast majority of EEE is

incurable. The AED has a greater or lesser effect on seizure

frequency, but do not change drastically the long-term
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prognosis, apart from rare exceptions. The causes of the EEE

are heterogeneous, but most of them are probably genetic,

with an MRI not presenting any structural abnormalities that

can explain it. Currently, several dozen of genes were involved

in the EEE [2]. Here we will describe the phenotype associated

to the most frequently mutated genes found in the EEE, and we

will question the usefulness of finding a mutation in the

therapeutic strategy.

2. Relative frequency of different EEE genes:
results of a prospective study of 63 patients with a
severe epilepsy beginning before 3 months
followed in Marseille

In order to assess the relative frequency of major genes of EEE,

we have prospectively studied a total of 70 patients with EEE,

mailto:mathieu.milh@ap-hm.fr


KCNQ2

STXBP1

SCN8A

KCNT1

SCN2A

TBC1D24

ARX

SLC13A5

KCNQ3

aCGH 

Other ca uses

Unknown

Fig. 1 – Genetic analysis of 70 patients with EEE.
and tested several genes (Fig. 1). By definition, epilepsy began

before 3 months and MRI did not find obvious structural cause

of this epilepsy. Patients were tested for STXBP1, KCNQ2,

KCNQ3, SCN2A, SCN8A, KCNT1, ARX, SLC13A5. They all had

CGH array.

No mutation of these genes has been found in 37/

63 patients. The most frequently mutated gene was KCNQ2

(5/70, 8 %), followed by SCN8A (4/70, 6 %), STXBP1 (3/70, 5 %),

KCNT1 (3/70, 5 %), TBC1D24 (3/70, 3 %). We found one mutation

of ARX, SLC13A5, SCN2A and KCNQ3 (1/70). In 2 patients, an

abnormality in CGH allowed to explain the EEE. Four patients

were carrying a mutation in other genes. Overall, the most

frequently mutated genes found in our cohort were KCNQ2,

STXBP1, SCN8A and KCNT1.

The majority of patients EEE did not, however, carry any

abnormality in the genes that we tested.

This study put the light on two major genes of EEE:

STXBP1 and KCNQ2 (Fig. 2). The key features of STXBP1 and

KCNQ2 related epilepsies were:

� for KCNQ2: very early onset (first week); out of hand very

frequent tonic asymmetric seizures with blockpnea and

cyanosis, interictal EEG either discontinuous or showing a
KCNQ2
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Fig. 2 – Relative proportion of KCNQ2 and

STXBP1 mutations in a cohort of 60 patients with an

Ohtahara syndrome. Sixty patients with an Ohathara

syndrome were tested for KCNQ2 and STXBP1. The cohort

was built with patients’ DNA, coming from several centers

of France, with a diagnosis of Ohtahara Syndrome.
suppression-burst pattern, no or poor efficacy of Pheno-

barbital [3];

� for STXBP1: onset within the first three months of life, mostly

during the first month, motor seizures but less frequent and

better tolerated, often focal. Interictal EEG showing either a

discontinuity (50 %) or focal spikes [4]. In a specific

retrospective cohort of patients with an Ohathara syndrome,

the rate of mutation of these two genes was high (see above).

3. Targeted therapy trials

The recent advances in gene discovery lead to the generation of

various dedicated animal models aimed to find pathophysio-

logical hypothesis that could explain the epilepsy and/or the

developmental impairment. Functional studies made at diffe-

rent levels (cellular, neuronal, network, entire animal model)

could also lead to the discovery of potential targets and

treatments that could correct a biological effect of a specific

mutation. Here, we will deal only with therapies that have been

proposed/developed after the discovery of the gene involved in

epilepsy, as part of a translational research program. Numerous

targeted therapies from clinical research such stiripentol in

Dravet syndrome, or vitamin B6 in the mutation of the

Antiquitin are excluded from this presentation.

We will discuss three recent examples of targeted therapy,

data from research on animals models: RETIGABINE and

KCNQ2 mutations; QUINIDINE and mutations of KCNT1 and

ARX and CDKL5.

3.1. Retigabine and KCNQ2 mutations

Retigabine acts as an activator of neuron-expressed KCNQ-

channels, thereby reducing neuronal excitability. Patients with

a KCNQ2 mediated epileptic encephalopathy may especially

benefit from this targeted therapy, as rapid control of seizures

could potentially improve developmental outcome. Specific

clinical studies are still needed to test this hypothesis. Electro-

physiological analysis on xenopus oocytes or on CHO cells

showed that the majority of KCNQ2 mutations lead to a

measurable effect on potassium current, at the sub threshold

level at which these channels are known to critically influence

neuronal firing, either by globally reducing current amplitudes

or by a depolarizing shift of the activation curve. In these cases,

Application of retigabine partially reversed these effects for the

majority of analyzed mutations [5]. However, some mutations of

KCNQ2 do not alter significantly the channel properties in term

of current intensity, but either the expression of the channel, or

even its localization within the neuronal membrane [6]. These

alterations are obviously not corrected by retigabine. Moreover,

some gain of function mutations have been described in

patients with a similar phenotype [7]. Patients carrying such

mutations could even be aggravated by retigabine.

3.2. Estradiol and ARX mutations

ARX is a transcription factor selectively expressed in neuronal

precursors and adult inhibitory interneurons. Several studies

have shown that some mutations impaired cell migration.

ARX related epilepsy is often severe and of early onset. The



most common seizure type related to ARX mutation is

Epileptic spasms. Using an animal model (mice mutated for

ARX), Olivetti et al. showed that a brief estradiol (E2)

administration during early postnatal development prevented

spasms in infancy and seizures in adult mutants. E2 was

ineffective when delivered after puberty or 30 days after birth.

They showed that early E2 treatment restored the pool of

GABAergic interneurons. Thus, this preclinical study showed

for the first time that an early therapeutical intervention may

correct or improve a developmental disorder due to an

interneuropathy [8].

3.3. Quinidine and KCNT1 mutations

Mutations in KCNT1 have been implicated in autosomal

dominant nocturnal frontal lobe epilepsy (ADNFLE) and

epilepsy of infancy with migrating focal seizures (EIMFS).

Using non-neuronal cells with transfection of mutated

channels, they showed that KCNT1 mutations implicated in

epilepsy cause a marked increase in function and that

exposure to quinidine significantly reduces this gain of

function for all mutations studied [9,10].

4. Limits of the precision therapy approach

The first limitation is that all the pathophysiological conse-

quences of the mutation of a particular gene are not known.

For example, the most severe KCNQ2 mutations alter the

function of the channel, but also its location in the neuron [5].

The latter alteration is obviously not corrected by retigabine.

Moreover, to date, dozens of genes have been implicated in

the EEP. Most frequents are found mutated in less than 20 % of

cases, certain genes are described only a few cases. The

development of personalized medicine would require for each

gene, creating a reliable animal model, validation of pre-

clinical studies and clinical trials, which is not realistic. The

discovery of common physiopathological lanes in EEP through

fundamental studies on the mechanisms of epilepsy on an

immature brain, would be of great help.

Finally, the effectiveness of a particular molecule is tested

on its ability to decrease seizure frequency in animal models.

However, the severity of EEE is certainly linked to seizures, but

not only. It is not impossible that the mechanisms involved in

seizure and in the developmental disorder are not the same. In

this case, the target chosen to measure the effectiveness of a

drug (seizure frequency) would not be good [11].
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