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INTRODUCTION

The weight of monogenic anomalies in the possible causes of epilepsy has grown significantly in recent years, due to the emergence of next-generation sequencing (NGS) techniques. Progress has been particularly notable in early neonatal and infantile epilepsies, which seem to be largely explained by monogenic abnormalities.

Most of these are severe, drug-resistant epilepsies associated with a serious neurodevelopmental disorder. The term "epileptic encephalopathy", reflecting the negative impact of seizures and electroencephalographic (EEG) abnormalities on development, has often given way to the term "developmental encephalopathy with epilepsy ", reflecting the fact that it is primarily a severe developmental disorder, of which epilepsy is a major comorbidity (figure 1).

Although most probably of genetic origin, the current techniques have not made the same progress in non-structural epilepsies that occur later, and even more in non structural partial or generalized epilepsies, probably because most of them are polygenic or even multifactorial.

Despite the continuous increase in the number of epilepsy genes, the syndromic approach remains relevant for at least two reasons: 1. The diagnosis of the epileptic syndrome remains important for the therapeutic approach (example: the treatment of West's syndrome does not depend on the gene involved); 2. The diagnosis of the syndrome can be used to guide genetic analysis for greater yield.

In some cases, the detection of a particular genetic mutation may lead to a more targeted treatment, deemed more effective against seizures [START_REF] Milh | Severe Neonatal Seizures: From Molecular Diagnosis to Precision Therapy?[END_REF]. It is therefore important to get the results faster, while a better knowledge concerning the description of the phenotype associated with each gene could eventually lead to implement the treatment before the final genetic diagnosis.

GENETICS OF NEONATAL ONSET DEVELOPEMENTAL ENCEPHALOPTHIES WITH EPILEPSIES

The International League Against Epilepsy (ILAE) described two age-dependent electroclinical syndromes characterized by encephalopathy which occur in the neonatal period [START_REF] Beal | Early-Onset Epileptic Encephalopathies: Ohtahara Syndrome and Early Myoclonic Encephalopathy[END_REF]: early myoclonic encephalopathy (EME) and Ohtahara syndrome (OS), also known as early infantile epileptic encephalopathy (EIEE) ().

Each of these syndromes are characterized by a specific clinical seizure type (tonic seizures for OS, myoclonic seizures for EME), clinical signs of encephalopathy and a suppressionburst pattern on the EEG. While age of onset, underlying etiology, associated secondary clinical seizure types, co-morbidities and aspects of immediate and long-term outcome may vary within and between each syndromic category, both EME and EIEE share some common features which contribute to the high incidence of neurological impairment in affected infants.

An important common feature in both groups is the finding of a suppression-burst pattern on EEG as part of the diagnostic criteria for both EME and EIEE [START_REF] Auvin | Current Understanding and Neurobiology of Epileptic Encephalopathies[END_REF]. A suppression-burst pattern may be observed in a number of conditions in the neonate [START_REF] Lombroso | Early Myoclonic Encephalopathy, Early Infantile Epileptic Encephalopathy, and Benign and Severe Infantile Myoclonic Epilepsies: A Critical Review and Personal Contributions[END_REF]). However when the pattern is associated with clinical seizures and signs of encephalopathy, the disorders of EME and EIEE are initially considered, depending upon predominant seizure type. Because the suppression-burst pattern is highly abnormal and recognizable, and because it may be due to the same pathophysiology, early onset epilepsies with a suppression-busrt pattern have been studied

as a unique entity.

Although genetic factors have been most recently intensively investigated in neonatal onset epilepsies, structural brain abnormalities still represent an important etiologic factor and should not be overlooked. Metabolic disorders have been reported to occur in fewer cases, mostly with myoclonias including: nonketotic hyperglycinemia, cytochrome oxidase deficiency hyperglycinemia, D-glyceric acidemia, methylmalonic acidemia, hyperammonemia, proprionic acidemia, and urinary secretion of abnormal oligosaccharides. In addition, some cases have been reported in association with Leigh's encephalopathy [START_REF] Lombroso | Early Myoclonic Encephalopathy, Early Infantile Epileptic Encephalopathy, and Benign and Severe Infantile Myoclonic Epilepsies: A Critical Review and Personal Contributions[END_REF] There has been a growing literature describing genetic mutations in EIEE without any structural brain abnormality. -lack of PLP synthesis (PNPO deficiency) or -accumulation of metabolites that inactivate PLP (ALDH7A1 deficiency).

The diagnosis is based on the effectiveness of treatment with vitamin B6 (pyridoxinesensitive convulsions) or with pyridoxal phosphate (pyridoxal-phosphate-sensitive convulsions), the dosage of pipecolic acid in plasma and CSF (before treatment by B6), the determination of alpha-AASA in the urine (even if the patient is treated with B6) and homocysteinemia.

It is also possible to identify a pathogenic variation in the PNPO and ALDH7A1 genes (Plecko 2013) using NGS techniques in cases of early onset epileptic encephalopathies [START_REF] Plecko | Pyridoxine and Pyridoxalphosphate-Dependent Epilepsies[END_REF] 4.4 Abnormal protein glycosiltaion (CDG syndrome)

Congenital protein glycosylation abnormality can be found in some patients having a suppression-bust pattern. A systematic investigation of transferine glycosilation may be proposed in patients with an early onset epileptic encephalopathy [START_REF] Olson | Genetics and Genotype-Phenotype Correlations in Early Onset Epileptic Encephalopathy with Burst Suppression[END_REF] Overall, among the genes associated with EIEEs and EMEs, three seem to play a major role and represent half of the cases : KCNQ2, STXBP1 and SCN2A. It is very difficult to determine a specific phenotype of one of these three genes. They usually share some characteristics: usual absence of anomaly of the measurements at birth, an EEG often showing a suppression-burst pattern, a stormy onset, with very frequent seizures from the start. Seizures often have an asymmetric tonic component and may be poorly tolerated on the respiratory level.

To date, 18 different genes have been associated with early-onset epileptic encephalopathies with a suppression-burst pattern (figure 2)

OTHER NEONATAL-INFANTILE ONSET DEVELOPMENTAL ENCEPHALOPATHIES WITH EPILEPSY

Many severe and early epilepsies do not fit with a known epileptic syndrome. These epilepsies are difficult to categorize, with frequent seizures, often diffuse EEG abnormalities and severe encephalopathy, but without a specific EEG pattern or seizure type. Again, many genes have been described. For most of them, the phenotype is heterogeneous. Some genes are more frequently found mutated:

2.1 SCN8A

The first report of SCN8A-related epilepsy was published in 2012. [START_REF] Veeramah | De Novo Pathogenic SCN8A Mutation Identified by Whole-Genome Sequencing of a Family Quartet Affected by Infantile Epileptic Encephalopathy and SUDEP[END_REF] Since then more than 100 cases have been published, most of them having early-onset epileptic encephalopathy (EOEE) typically beginning before six months of age, with high rate of sudden unexpected death (SUDEP) [START_REF] Larsen | The phenotypic spectrum of SCN8A encephalopathy[END_REF][START_REF] Veeramah | De Novo Pathogenic SCN8A Mutation Identified by Whole-Genome Sequencing of a Family Quartet Affected by Infantile Epileptic Encephalopathy and SUDEP[END_REF][START_REF] Wagnon | Recurrent and Non-Recurrent Mutations of SCN8A in Epileptic Encephalopathy[END_REF] In a French cohort of 19 patients carrying a SCN8A pathogenic variant, we confirm that SCN8A-related epilepsy is heterogeneous. However, focusing on the very first symptoms, first examination and first EEG of our 19 patients, we were able to identify two orthogonal modes of onset regarding the delay between first seizure or event and diagnosis of EE, but also regarding seizure type or frequency and interictal EEG. One mode of onset was typically observed and described in EE, with sudden onset of seizures (mostly tonic seizures and epileptic spasms), abnormal interictal EEG leading to rapid diagnosis of EE and abnormal development. This type of onset has been described for the majority of genetic mutations associated with neonatal onset epileptic encephalopathies. The other mode of onset is more insidious since the first months are relatively calm in terms of epileptic activity, either with recurrent GTCS with normal development and EEG, or with myoclonic jerks, jitteriness or tremor that could eventually be mistaken for normal movements. This mode of onset was predominant in our cohort, although it seems to be less frequently observed in the literature. Interestingly, the majority of patients carrying a mutation of SCN8A were sensitive to sodium channel blockers, such as carbamazepine and phenytoin. We saw that the location of mutation within the gene could predict relatively well the response to sodium channel blockers.

KCNT1

KCNT1 has been first found mutated in patients having an epileptic syndrome of early infancy, so-called Epilepsy of infancy with migrating focal seizures (EIMFS) [START_REF] Barcia | De Novo Gain-of-Function KCNT1 Channel Mutations Cause Malignant Migrating Partial Seizures of Infancy[END_REF]. It is a rare age-related epileptic and developmental encephalopathy, initially described in 1995. The key features of EIMFS include focal seizures in the first six months of life, acquired microcephaly, a progressive developmental delay and a specific EEG ictal pattern called "migrating seizure", included in the name of this syndrome. Migrating seizures are described as overlapping and multifocal ictal activities, shifting from one cerebral region or hemisphere to another.

In numerous cases, KCNT1 is not associated with EIMFS, but with others early onset severe epilepsies.

Since KCNT1 mutations are gain of function mutations, quinidine has been identified as a possible personalized treatment in this condition. Functional studies have actually shown that quinidine could restore a normal function of mutated KCNT1. However, the efficacy of quinidine in vitro is controversial. Some authors reported a dramatic efficacy on seizure frequency will others did not report any clinical response [START_REF] Abdelnour | Does Age Affect Response to Quinidine in Patients with KCNT1 Mutations? Report of Three New Cases and Review of the Literature[END_REF][START_REF] Mullen | Precision Therapy for Epilepsy due to KCNT1 Mutations: A Randomized Trial of Oral Quinidine[END_REF][START_REF] Dilena | Early Treatment with Quinidine in 2 Patients with Epilepsy of Infancy with Migrating Focal Seizures (EIMFS) Due to Gain-of-Function KCNT1 Mutations: Functional Studies, Clinical Responses, and Critical Issues for Personalized Therapy[END_REF][START_REF] Mikati | Quinidine in the Treatment of KCNT1-Positive Epilepsies[END_REF].

TBC1D24

Biallelic mutations of TBC1D24 were initially described in familial myoclonus epilepsies.

Subsequently, this gene has been implicated in various epilepsies, in particular epilepsy with migrating spartial seizures, and a complex developmental disorder: the DOORS syndrome, associating deafness, ophthalmological impairment, assertiveness, intellectual disability and seizures epilepsy. The phenotype associated with this gene is highly variable in severity, but most patients have very prolonged myoclonic seizures [START_REF] Balestrini | TBC1D24 Genotype-Phenotype Correlation: Epilepsies and Other Neurologic Features[END_REF][START_REF] Campeau | The Genetic Basis of DOORS Syndrome: An Exome-Sequencing Study[END_REF][START_REF] Milh | Novel compound heterozygous mutations in TBC1D24 cause familial malignant migrating partial seizures of infancy[END_REF][START_REF] Falace | TBC1D24, an ARF6-Interacting Protein, Is Mutated in Familial Infantile Myoclonic Epilepsy[END_REF])

CONCLUSION

Genetics occupy a very important place in the etiological workup of early onset epileptic and/or developmental encephalopathies. The genotype / phenotype correlations are difficult and unspecific, so that most teams currently propose to study not one but dozens of genes involved in monogenic epilepsies in one shot, in such a condition. These panels contain at least a hundred genes that have been reported several times in the literature as implicated in early and severe epilepsies. The clinician still plays a major role by indicating this type of analysis to the right candidates, by clinically validating the mutations found and by explaining the results to the patients and families.

Because KCNQ2, SCN2A and SCN8A are frequently found mutated in neonatal onset epileptic encephalopathies, and because sodium channel blockers (SCB) have been found

to be possibly effective in these conditions, SCB may be rapidly used in case of early onset epilepsy without any occasional cause and with non-structural brain MRI. It is especially true in case of an early-onset epileptic encephalopathy with a suppression-burst pattern,

where KCNQ2 and SCN2A mutations may be find in nearly half of the patients. Moreover, aggravation of epilepsy by SCB seems to be very infrequent when epilepsy begins during the neonatal period, in contrast to what has been described in West syndrome or Lennox-Gastaut syndrome.

In 2018, despite advances in sequencing techniques, nearly 30% of patients remain without diagnosis, and no true physiological-based targeted therapy exists: some work still has to be done. 

Figure 1 .

 1 Figure 1. Representative EEGs of patients with an early onset epileptic encephalopathy and a suppression-burst pattern. Patient of 7 days with a KCNQ2 related epileptic encephalopathy (top), patient of 5 days with a KCNQ2 related epileptic encephalopathy (middle) and patient of 13 days with a STXBP1-relate EE.

  Recently,Olson et al. described the first cohort of patients with EIEE-BS without cortical There is no controlled study considering the rarity of the condition, but the interest of the sodium channel blockers (SCB) deserves to be emphasized. Indeed, several teams have shown that KCNQ2-related EIEEs are remarkably sensitive to carbamazepine and sodium blockers in general[START_REF] Pisano | Early and Effective Treatment of KCNQ2 Encephalopathy[END_REF][START_REF] Abidi | A Recurrent KCNQ2 Pore Mutation Causing Early Onset Epileptic Encephalopathy Has a Moderate Effect on M Current but Alters Subcellular Localization of Kv7 Channels[END_REF]. Currently it is recommended to use SCB as soon as possible, in the hope of mitigating the deleterious effects of epilepsy. Nevertheless, it is likely that even a quick control of seizures does not allow normal development in cases of KCNQ2-related neonatal epilepsies with a suppression-burst pattern. The epilepsy began during the first week of age for four patients, and at one month for one patient. Two patients had initially clonic seizures. During the first three months, the main type of seizure was epileptic spasms in all cases. Spasms were associated with other types of seizures: clonic seizures, tonic seizures and partial seizures. Interestingly, the five patients became seizure free during the second half of the first year of life. Initial EEG was discontinuous in two cases, before showing a suppression burst (SB) pattern. SB pattern was recorded from the beginning in the three remaining cases. Then, EEG turned to be more and more continuous. At six months, activity was made of generalized and asynchronous spikes and slow wave. Surprisingly, paroxysmal activity disappeared in each case before the age of one year, giving place to a continuous activity with occurrence of fast rhythms in the posterior regions. All patients had frequent dyskinetic non-epileptic movements that still persisted after epilepsy remission. More rarely, STXBP1 may be found mutated in other epileptic syndromes (West syndrome) and in several developmental encephalopathies with epilepsy that do not fit with NaV1.2 is expressed in axon initial segments (AIS) and nodes of Ranvier of myelinated nerve fibers in early development, and in the adult brain in the AIS and unmyelinated axons. In the cohort of Olson et al. SCN2A was the second gene of EEP-SB. In a recent international study, Wolff et al. described two main phenotypes associated with SCN2A mutations: a first one represented by early onset epileptic encephalopathy beginning before three months of age (Ohtahara syndrome, Epilepsy of infancy with migrating focal seizures or non syndromic developmental encephalopathies) and a second one begining after three mojnths of age (West syndrome, Lennox-Gastaut syndrome, myoclonic-atonic epilepsies, focal epilepsies with centro-temporal spikes and developmental delay). They also found that sodium channel blockers (SCBs) were often associated with clinically relevant seizure reduction or seizure freedom in children with neonatal/early infantile onset epilepsies (<3 months), including severe forms, whereas other AEDS were less effective(Wolff et al. 
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can lead to a similar clinical presentation. It is likely that much remains to be done to better understand the pathophysiology of EIEEs.

1.2. STXBP1

Mutations/deletions of STXBP1 (MUNC18-1) have also been reported to be a possible etiology of EIEE

[START_REF] Saitsu | De Novo Mutations in the Gene Encoding STXBP1 (MUNC18-1) Cause Early Infantile Epileptic Encephalopathy[END_REF]

) and is found mutated in 5 to 15% of EIEE with suppression-burst. STXBP1is a regulatory component of the SNARE complex that is placed in a late step of neuronal/exocytic fusion (H.

[START_REF] Saitsu | Association of Genomic Deletions in the STXBP1 Gene with Ohtahara Syndrome[END_REF][START_REF] Saitsu | STXBP1 Mutations in Early Infantile Epileptic Encephalopathy with Suppression-Burst Pattern[END_REF]

. The human STXBP1 gene contains 20 exons and has been mapped to 9q34.1.

Exon 19 is alternatively spliced, the shorter isoform being expressed in all tissues examined and the longer isoform containing exon 19 being expressed in the brain and retina

(Swanson et al. 1998

). Saitsu et al. reported STXBP1 mutations in 14 unrelated patients, from a cohort of 43 patients with EIEE in two distinct papers (H.

[START_REF] Saitsu | Association of Genomic Deletions in the STXBP1 Gene with Ohtahara Syndrome[END_REF][START_REF] Saitsu | STXBP1 Mutations in Early Infantile Epileptic Encephalopathy with Suppression-Burst Pattern[END_REF]

. The patients displayed early onset seizures, typically frequent epileptic spasms, suppression-burst pattern on EEG, transition to West syndrome after a few to several months in most cases, and severe developmental delay. The authors showed that mutant STXBP1 proteins were degraded and they concluded that STXBP1haploinsufficiency could be a major molecular marker of EIEE.

[START_REF] Milh | Epileptic and nonepileptic features in patients with early onset epileptic encephalopathy and STXBP1 mutations[END_REF] 

screened this gene in 51 patients with early onset epileptic encephalopathy, of which 37 had Ohtahara syndrome. They found a mutation in five patients with Ohtahara syndrome (13%).

any recognized syndrome

(Di Meglio et al. 2016[START_REF] Stamberger | STXBP1 Encephalopathy: A Neurodevelopmental Disorder Including Epilepsy[END_REF]

. Overall, approximatively one-third of patients carrying a mutation in STXBP1 display EIEE.

STXBP1 has also been implicated in other early onset epilepsies that either do not fit with any recognizable syndrome, or can be classified as early onset epileptic spasms

[START_REF] Deprez | Clinical Spectrum of Early-Onset Epileptic Encephalopathies Associated with STXBP1 Mutations[END_REF][START_REF] Stamberger | STXBP1 Encephalopathy: A Neurodevelopmental Disorder Including Epilepsy[END_REF]

. The relationship between STXBP1 mutations and neonatal epilspies remains unclear. Recently,

Devaux et al. 

showed that haploinsufficiency of STXBP1 could have negative impact on Im, mimicking some KCNQ2 mutations.

Intererstingly, epileptic and EEG features of KCNQ2 and STXBP1 related epilepsies are relatively similar regarding age of onset, EEG pattern, seizure evolution and development.

1.3. SCN2A

The gene SCN2A encodes the voltage-gated sodium channel NaV1.2, one of the major brain sodium channels playing a pivotal role in initiation and conduction of action potentials.

Mutations in aristaless-related homeobox gene (ARX) may also be associated with EIEE.

ARX is located in the human chromosome Xp21.3 region and provides instructions for producing a protein transcription factor which is essential for the development of cerebral interneurons. A hemizygous 33-bp duplication in exon 2 was firstly described in two unrelated patients with Ohtahara syndrome

[START_REF] Kato | A Longer Polyalanine Expansion Mutation in the ARX Gene Causes Early Infantile Epileptic Encephalopathy with Suppression-Burst Pattern (Ohtahara Syndrome)[END_REF]

). The infant had early onset of brief tonic seizures beginning during the first weeks of life followed by a transition from EIEE to West syndrome and severe developmental delay. Recently, Giordano et al

[START_REF] Giordano | Familial Ohtahara Syndrome due to a Novel ARX Gene Mutation[END_REF] 

reported the finding of the same missense mutation in the exon 5 of ARX in monozygotic twin sisters with EIEE and Fullston et al. reported a family with ARX protein truncation mutation

[START_REF] Fullston | Ohtahara Syndrome in a Family with an ARX Protein Truncation Mutation (c.81C>G/p.Y27X)[END_REF]

).

Aristaless-related homeobox protein (transcription factor): regulation

  Figure 2 : genes that have already been associated with early onset epileptic encephalopathies with a suppression-burst. Gene name/Locus/transmission mode/Function/reference/Number of published cases. Colored lines : treatable conditions. of multiple transcription factor and genes involved in cell migration, axonal guidance and neurogenesis.

				Cyclin-dependent Serine/Threonine kinase:		
	CDKL5 (*300203)	Xp22.13	XLD	auphosphorylation and phosphorylation of various roles in cerebral development (neuronal proteins as MeCP2 and splicing regularoty. Crucial	Melani et al. (2011)	2
				maturation and synaptogenesis)		
	SLC25A22 (*609302)	11p15.5	AR	Mitochondrial glutamate/H+ symporters: transport glutamate and H+ moleculares across the inner mitochondrial membrane	Molinari et al. (2005), Molinari et al. (2009)	2
				Guanine nucleotide-binding protein (G protein)		
	GNAO1 (*139311)	16q12.2	de novo	alpha subunit type "other": hydrolyzation of GTP and interaction with specific receptor and	Gerald et al. (2018)	1
				effector molecules (signal-transducing molecules)		
	ALG1 (*605907)	16p13.3	AR	Mannosyltransferase: biosynthesis of lipid-linked the endoplasmic reticulum (first step) oligosaccharide side chain at the outer leaflet of	Fiumara et al. 2015	1
	ZEB2 (*605802)	2q22.3	AD	Zinc finger homeobox: DNA binding transcriptional repressor.	Babkina et al. (2016)	1
	GABRB2 (*600232)	5q34	AD	Gamma-aminobutyric acid (GABA) -A receptor: GABA acts. ligand-gated chloride channels through which the	Ishii et al. (2017)	1
	SEPSECS (*613009)	4p15.2	AR	O-Phosphoserine tRNA-Selenocysteine tRNA selenocysteine synthesis synthase: catalyzes the final step of	Olson et al. (2017)	1
				UDP-N-Acetyl-glucosamine (GlcNAc)		
	SLC35A3 (*605632)	1p21.2	AR	transporter: transport of UDP-GlcNAc from its site of synthesis in the cytosol to its site of use in	Marini et al. (2017)	1
				the Golgi		
	SRGAP2 (*606524)	1q32.1	U	SLIT-ROBO RHO GTPase-Activating protein: neuronal migration and differentiation role in cortical development as a regulator of	Saitsu et al. (2012)	1
	KCNQ2 (*602235)	20q13.33	de novo; AD (mosaic parent)	M channel : slow activation and deactivation of potassium conductance in neurons (M current). inputs Critical role in the neurons excitability and synaptic	Dedek et al. (2003); (2012) Weckhuysen et al.	47
	PNPO (*603287)	17q21.32	AR	Pyridoxamine-phosphate oxidase: vitamin B6 cellular functions including synthesis. Vitamine B6 has critical roles in normal	Mills et al. (2005)	24
	STXBP1 (*602926)	9q34.11	de novo ; AD (mosaic parent)	Syntaxin-binding protein: regulation of synaptic vesicle docking and fusion in neurons	Saitsu et al. (2008)	19
	SCN2A (*182390)	2q24.3	de novo	Voltage-sensitive sodium channel: generation and propagation of action potentials in neurons	Ogiwara et al. (2009)	16
				BRCA1-associated ATM activator: response to		
	BRAT1 (*614506)	7p22.3	AR	DNA damages (interaction with BRCA1 and ATM1 (master	Saitsu et al. (2014)	9
				controller of the cycle signaling pathway))		
				Phosphatidylinositol glycan (GPI) anchor		
	PIGA (*311770)	Xp22.2	XLR	biosynthesis protein (class A): biosynthesis of GPI anchor (first step). GPI attaches proteins to	Kato et al. (2014)	5
				cell surface		
	ALDH7A1 (*107323)	5q23.2	AR	Alpha-aminoadipic semialdehyde lysine catabolism. dehydrogenase: role in pipecolic acid pathway of	Mills et al. (2010)	5
	ARX (*300382)	Xp21.3	XLR		Kato et al. (2007)	3
				Crucial roles in cerebral development		
	KCNT1 (*608167)	9q34.3	de novo	Sodium-activated potassium channel: slow neurons hyperpolarization that follows repetitive firing in	McTague et a. (2013)