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Abstract 

Emerging data have established links between paroxysmal neurological disorders or psychiatric disorder, such 

as migraine, ataxia, movement disorders and epilepsy. Common gene signaturessuch as expression, protein 

interaction and the associated signalling pathways link genes in these associated disorders, with the object to 

predict unknown disease or risk genes. In this study, we used gene interaction networks to investigate common 

gene signatures associated with the above phenotypes.In total 19 candidate genes were used for making an 

interaction network which further revealed 39 associated genes (including KCNA1, SCN2A, CACNA1A, KCNM4, 

KCNO3, SCN1B and CACNB4) implicated in paroxysmal neurological disorders development and progression. 

The meta-regression analysis showed the strongest association of SCN2A with genes involved in schizophrenia 

and neurodevelopmental disorders. Importantly, our analysis showed KCNMA1 as a common gene signature 

with a link to epilepsy, movement disorders and wide paroxysmal neurological presentations – with the greatest 

potential risk of being a disease gene in a paroxysmal or psychiatric disorder. Further gene interactions analysis 

is required to identify unidentified gene interactions which may be targets for future drugs development. 
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1. Introduction: 

 

Paroxysmal neurological disorder is a rapid recurrence or severity of symptoms, like seizure and tremor at-

tacks. These symptoms can be observed in many clinical symptoms such as epilepsy, movement disorders, 

migraine and ataxia. Epilepsy is a common neurological condition that reflects neuronal hyper excitability 

arising from cellular and molecular mechanisms which are not yet completely understood [1]. Epilepsy 

does not only affect the individual patient, but it also has effects on the family and indirectly on the com-

munity [2]. According to results from the World Health Organization (WHO), there is at least 50 million 

people worldwide suffering from epilepsy [3]. The proportion of people with epilepsy living in developing 

countries is considered far greater and often no treatment is readily available for this condition [4].Epileptic 

patients could spend normal lives if proper treatment was provided. It is the most common severe neuro-

logical disorder with serious primary disease of the brain, which accounts for 1% of the global burden of 

neurological disease [5]. There is still a lack of authentic biomarkers for the detection of epilepsy, as well as 

for assessing the development and progression of epileptic condition [6]. With an estimated 2–3 million 

people living in the United States [7],six million in Europe [8] and at least 40 million in the developing 

world [9]. Epidemiological studies have previously showed that epileptic patients are 2.4 times more likely 

to develop migraine than their relatives without epilepsy [10]. The frequent co-existence of these paroxys-

mal neurological disorders is due to the abnormal underlying neuronal hyper-excitability[11]. In addition, 

both sporadic and familial epilepsy with infancy or early childhood on set are often associated with muta-

tions in genes involved in pleiotropic paroxysmal neurological disorders, which include mi-

graine/hemiplegic migraine, and paroxysmal movement disorders including kinesigenic/non-kinesigenic 

dyskinesia and episodicataxia.Co-existing episodic neurologic disorders frequently share molecular mecha-

nisms which implicate abnormal function of ion channels and synaptic regulators involved in neuronal ex-

citability and synaptic transmission [12].Familial hemiplegic migraine is an autosomal dominant (AD) dis-

order characterized bymigraine attacks marked by the occurrence of a transient hemiplegia during the aura. 

The three familial types of hemiplegic migraine 1, 2 and 3 (FHM1, FHM2, FHM3) are associated with het-

erozygous mutations in CACNA1A (MIM# 601011),ATP1A2 (MIM #182340) and SCN1A (MIM #182389), 

respectively. A landmark genetic meta-analysis study pinpointed the association of several genetic poly-



morphisms. In total 19 candidate genes were used in designingan interaction network to see if there is any 

common gene associated with multiple neurological presentations. We hypothesized that acommon gene 

signature and its associated signalling pathways would not only reveal its shared molecular mechanism, but 

also would serve as a potential early biomarker for diagnosis of epilepsy and other related paroxysmal neu-

rological disorders. 

 
2. Material and Methods: 
 

Molecular pathways implicated in episodic ataxia and familial hemiplegic migraine intersects with 

pathways underlying other episodic neurological disorders. Mutations in the synaptic regulator genes 

PRRT2 and PNKD alter neurotransmitter release and are associated with infantile seizures, paroxysmal 

kinesigenic dyskinesia (PKD), FHM, or EA, and mutations in the brain glucose transporter SLC2A1cause 

paroxysmal exercise induced dyskinesia (PED), PKD, paroxysmal non-kinesigenic dyskinesia (PNKD) and 

EA [13]. Mutations in SCN8A have been reported in epilepsy, ataxia and paroxysmal dyskinesia (OMIM 

ID 118800) [14]. Mutations in ATP1A3 can cause a wide array of neurological disorders and have also 

been described in association with EA [15 16]. ATP1A2 and SCN1A are crucial in regulating glutamatergic 

synaptic transmission and presynaptic action potentials, respectively, and mutations in these genes are 

implicated in FHM2 and FHM3 and epilepsy [17 18]. 

 

2.1. Retrieval of common genes associated with disease: 

 

Relevant research articles were studied and information about genes associated with epilepsy, and 

paroxysmal presentations of ataxia, migraine, and movement disorders was collected. Disease names were 

used as key words to search on PubMed (https://www.ncbi.nlm.nih.gov/pubmed/27300529) and other 

literature databases. Severalstudies were included in the analysis using a bioinformatics approach to choose 

the common gene signatures for the above diseases. DisGeNET[19] was used asa discovery platform is 

integrating information on gene-disease associations (GDAs) from several public data sources and 

literature pertaining to gene expression, biomarker, variant-diseaseassociation, singlenucleotide 



polymorphism and clinical phenotype association with corresponding diseases. The latest version of 

DisGeNET (v4.0) contains 429036 associations between 15093 diseases and 17381 genes[20]. A Venn 

diagram was plotted using online venny 2.1.0 tool (http://bioinfogp.cnb.csic.es/tools/venny/) to visualize 

common gene signatures. 

 

2.2. Functional enrichment analysis: 

 

Gene enrichment analysis was carried out onWebGestalt 3.0 stand-alone software tool [21]. The prediction 

of clinical phenotype enrichment and biological pathways is carried out with the help ofWebGestalttool. 

The new user-friendly output interface and the GOview tool allow interactive and efficient exploration and 

comparison of enrichment results. Thus, WebGestalt 2017 enables more comprehensive, powerful,flexible 

and interactive functional enrichment analysis. It is freely available at http://www.webgestalt.org.  

  

 

2.3. Construction of Network and analysis: 

 

All the retrieved genes were used as input for the GeneManiawhich is a flexible, user-friendly cytoscape 

plugin for generating hypothesis about gene function, analysing gene list and prioritizing genes for 

functional assays[22]. GeneMania takes gene symbols or NCBI gene IDs as input to draw network. All 19 

genes symbols werevalidatedby the GeneMania and were visualized as network. The network consists of 39 

genes. The black nodes are our query genes and remaining grey nodes are relevant genes having most 

connectivity with our query genes. In the Gene-Disease Network, diseases were connected with the 

associated candidate targets. The corresponding diseases of potential genes were collected by DisGeNET, 

and the obtained interactions between diseases and genes were applied further for building the 

Gene-Disease Network. Different type of interactions like physical interactions, co-expression, shared 

protein domains, pathways etc. are represented by different colourededges. In this bilateral network, the 

‘nodes’ represented the protein targets, diseases, and ‘edges’ represented the interactions of Gene-Gene or 

Gene-Disease. The networks were constructed using Cytoscape v3.6.1 (https://cytoscape.org/). 



 

3. Results: 

 

Candidate genes, responsible for epilepsy, ataxia, migraine, and movement disorders, were collected 

through a literature review and by using DisGeNET. Most of the listed genes-disease associations have al-

ready been validated in our laboratory at the Institute of Neurology, University College London as part of a 

gene panel for paroxysmal neurological disorders (Figure 1). These genes were also confirmed with 

GeneMAINA which provides the total number of reported genes that have genetic association with the 

above diseases. After the first stage of text analytics using literature databases, the number of genes identi-

fied was 39. 

 



 

Fig.1. Venn diagram showing different diseases sharing associated genes.  

 



In order to find the common genes associated with epilepsy, ataxia, migraine and movement disorders, 

we collected a list of disease using DisGeNET database v4.0 and correlated their affinity by plotting a 

Venn diagram (Figure 1). There were a total of 39 genes in which 14 of the total genes associated with epi-

lepsy. These results were in consensus with previous studies reporting common risk factors involved in 

above mentioned diseases. Furthermore, it gave the incentive for the characterization of these common 

gene signatures. 

 

Fig.2. General Protein-Protein Network showing different interactions of candidate genes 

 

4. Discussion: 

 



Genetic associations with specific disorders are meaningful only if they contribute towards disease devel-

opment and progression. The investigation of a gene signature that was common to epilepsy, ataxia, mi-

graine and movement disorders across clinical phenotype, physiology, biological processes and pathways 

was performed. We reflect that this top-down approach would help in the better understanding of the bio-

logical significance of a common gene signature. The predicted results of the correlation of physiology lev-

el with clinical phenotypes showed (Figure 3) an enrichment of genes associated with biological processes 

(Red), cellular components (Blue) and molecular functions (Green), according to the analysis by WebGe-

stalt. 

 

Fig.3.(Red) Biological process (Blue) Cellular component (Green) Molecular function. 

 

Afterwards, gene prioritization analysis was performed with the help of Top Genetool, which aids in 

the ranking of the candidate genes by profiling across multiple genomic data sources and integrate this 

heterogeneous information into global ranking information. All 39 genes were ranked and their pro-

tein-protein interaction network was created using Cytoscape and based on gene ontology, literature review, 

experimental observations, and gene expression neighbourhoods (Figure 4). The subsequent analysis re-

vealed that KCNA1, SCN2A, CACNA1A, KCNM4, KCNO3, SCN1B and CACNB4 are important nodes in 

the network with many interacting partners. One of the polymorphism in candidate genes, KCNMA1, has 

previously been reported for its association with neurodegenerative disorders, including Alzheimer’s dis-

ease, as shown by the meta-analysis results from the AlzGene database (Figure 5). In conclusion, our re-



sults identified ranked candidate genes that were implicated in epilepsy, ataxia, migraine and movement 

disorders but also involved in other neurological disorders. 

 

Mutations in KCNMA1 causes functional change in ion channels, excitability of neurons with the re-

lease of impaired neurotransmitters that should be classified on the basis of pathophysiology as channelop-

athies (calcium-activated potassium channel subunit alpha-1 and voltage-gated sodium channel type 8) 

[23]. Most common types of epilepsy and their different loci has been identified through genome-wide as-

sociation study and meta-analysis approach. Study findings suggested that some loci might have specific 

association with epilepsy subtype.SCN1A has clear association with epilepsy progression [24]. Frequency 

of SCN2A mutations responsible for Epilepsy and neurological disorders is reported to be highest among 

Danish population.SCN2A (sodium voltage gated channel) variation is highly associated with epilepsy 

spectrum and majority of neurodegenerative disorders [25]. Widespread pathogenic variants in SCN2A and 

KCNA1 (Potassium gated channel) are responsible for episodic ataxia whose episodes lasts for seconds to 

minutes [26]. In response to pathophysiological approaches blockers such as ion channels is a diagnostic 

and potential drug target clue for potassium and sodium ion channel mutations. Collective and intense 

studies are required to describe shared therapeutic protocols [27]. 

 



 

Fig.4. The network shows Interaction between genes associated with 6 diseases (epilepsy, ataxia, mi-

graine, Alzheimer, schizophrenia and movement disorders). The genes are shown as red and green 

nodes and the diseases as blue.  

 

Fig. 5. Forest plot showing KCNMA1 gene polymorphism association with Alzheimer disease. 

 

5. Conclusion: 



 

Neurological disorders are major causes of physical and intellectual disability and causing many severe and 

chronic diseases that are hard to diagnose and differentiate. Epilepsy, migraine, ataxia and movement dis-

orders are some common neurological disorders that remain for lifetime. Our network analysis showed 

common genes associated with the above mentioned neurological disorders that will help in early diagnosis 

and could provide information for genetic counselling. It could be proved as a useful tool for drug designing 

of mentioned neurological conditions. 
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