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1 ABSTRACT 

 
Voltage-gated sodium ion channels play a vital role in neuron function, which 

becomes evident when variants in these genes disrupt their function. Mutations in 

SCN8A have only recently been linked to an epilepsy phenotype characterized by 

early-onset of seizures, delayed development, and intellectual disability. Using 

patient data from published papers (n = 75) as well as an online support group (n = 

61), we were able to identify several patterns in the pathogenic mutations and 

compare them to a group of healthy individuals from the Exome Aggregation 

Consortium (ExAC) (n = 960).Most of the variants are missense, with one reported 

nonsense mutation in an individual with ataxia instead of epilepsy. The average age 

of onset from 85 individuals combined from the published papers and the online 

support group was 4.45 months. Notably, the ages of onset have a bimodal 

distribution instead of normal, with one peak within the first month of life and a 

second peak at 4 months of age.  Pathogenic mutations are more likely to appear in 

the transmembrane regions of the protein encoded by SCN8A (Nav1.6) (Proportion 

Test: p-value = 9.1 x 10-5) while non-pathogenic variants were more likely to appear 

in the connecting loops of the protein (Proportion Test: p-value < 2.2 x 10-16). This is 

most likely due to the transmembrane regions having a greater functional role than 

the loops. When we further separate the mutations into functional parts of the 

protein, we generally see that areas with more pathogenic mutations have fewer 

non-pathogenic variants, and vice versa. For example, the inactivation gate of the 
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protein has more pathogenic variants (Exact Binomial Test: p-value = 3.52 x 10-6) 

while the N-terminus has more non-pathogenic variants (Exact Binomial Test: p-

value = 0.0128). This suggests that areas with more pathogenic variants are less 

tolerable to variation while those with more non-pathogenic variants are more 

tolerable. Interestingly, there are some areas of the protein with very few 

pathogenic and non-pathogenic variants, such as the pore regions of the protein. 

This is likely due to the vital functional nature of the pore, and any variants in that 

region lead to lethality. Further analyses are needed to determine if there are 

correlations between categories of pathogenic mutations and the phenotypes of the 

patients.  
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1 INTRODUCTION 

 

1.1 Neuronal Physiology 

 

Neurons are excitable cells that form neural networks and make up an organism’s 

nervous system. They have a distinct cell body containing the nucleus and major 

organelles (Figure 1). Branching out from the cell body are dendrites and axons. 

Dendrites are used to relay information from other neurons while axons are used to 

relay information to other neurons. The main form of communication between 

neurons is through neurotransmitters that travel across the synapse (Levitan & 

Kaczmarek, 2002). Synapses are the space between the axons of the presynaptic 

neuron and dendrite of the postsynaptic neuron. Neurotransmitters are released in 

vesicles from the axon end of a neuron, travel through the synapse and bind to 

receptors in the membrane of dendrites in the postsynaptic neuron. Which 

receptors are bound affects how the neuron reacts. For example, γ-Aminobutyric 

acid (GABA) is commonly used as the neurotransmitter for inhibitory signals and 

secreted from GABAergic neurons, while glutamate is usually used for excitatory 

signals and secreted from glutamatergic neurons (Petroff, 2002) 
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Figure 1. A neuron, showing the dendrites and axons 

http://www.urbanchildinstitute.org/why-0-3/baby-and-brain 

 

Neurons maintain voltage gradients across the membrane through the use of ion 

channels. When dendrites receive the necessary signal, the ion channels open and 

close, affecting the voltage gradient, which propagates down the axon to relay the 

signal (Barnett & Larkman, 2007). The primary ions necessary for propagation the 

voltage gradient are potassium (K+) and sodium (Na+), though chloride ions (Cl-) are 

sometimes also used. At rest, a neuron has a membrane potential of around -70 mV. 

When this number increases past a threshold of about 30 mV due to an influx of Na+, 

an action potential is created (Figure 2). 
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Figure 2. The membrane potential of a neuron as it depolarizes to an action potential 

and repolarizes to the resting potential. 

https://psychlopedia.wikispaces.com/action+potential 

 

The action potential is vital for the proper functioning of a neuron. When there are 

mutations that affect the ion channels, we can have either a loss or gain of function 

of the protein, and subsequently the neuron (Rhodes, Lossin, Vanoye, Wang, & 

George, 2004), resulting in a lack of, or increased, occurrences of action potential, 

respectively. 

 

1.2 SCN8A Gene Family 

 

One ion channel of interest is the sodium channel, voltage-gated, type VIII, alpha 

subunit (Nav1.6), encoded by the gene of the same name, and abbreviated SCN8A. 
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This protein forms a pore primarily in the neurons in the brain (Catterall, Kalume, & 

Oakley, 2010). The gene is part of an evolutionarily conserved gene family with 10 

members, and each encodes a protein that is comprised of four repeated domains, 

each of which consist of six transmembrane domains and the loops connecting them 

(Figure 3). When functioning normally, the ion channels participate in the creation 

of action potentials used by neurons to communicate with one another.  

 

The other members of the gene family are also expressed in neurons, some in the 

brain, and others in the heart and other parts of the body. The gene SCN1A is also 

associated with epilepsy, specifically Dravet Syndrome or Severe Myoclonic 

Epilepsy of Infancy (SMEI). SMEI is characterized by early-onset seizures and 

developmental delays. 

 

For many decades, study of SCN8A has been limited to using the mouse as a model 

organism due to its close genetic and physiological similarity to humans, as well as 

the ease with which its genome can be manipulated and analyzed. SCN8A Knockout 

mice (genetically modified mice with an existing gene inactivated “knocked out” by 

replacing or disrupting the gene with a synthesized strand of DNA) have led to the 

identification of changes in ataxia and movement phenotypes, but no seizures 

(Trudeau, Dalton, Day, Ranum, & Meisler, 2006). It was not until 2012, when 
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Veeramah, et al. published a paper describing the case of a patient with a de novo 

SCN8A mutation and epilepsy, was a connection made between SCN8A and the 

epilepsy phenotype.  

 

Figure 3. Structural Information of the SCN8A Protein. A) The basic protein structure 

of a sodium ion channel; B) The four states of the protein, in closed, activated, 

inactivated, and deactivated. Wakeling, E. N., Neal, A. P. & Atchison, W. D. Pyrethoids 

and Their Effects on Ion Channels. (2012) (Wakeling et al. 2012) 
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1.3 SCN8A-Caused Epilepsy 

 

When the ion channels in neurons of the brain fail to function normally, seizures can 

result. When seizures are chronic, it become epilepsy. When seizures affect the 

individual’s psychomotor function, it becomes encephalopathy. Mutations in SCN8A 

are thought to cause epilepsy by causing over-excitation of neurons. Physiological 

evidence from Veeramah, et al. (2012) shows increased activity of the sodium ion 

channels from a missense mutation, while mice that have only one functioning copy 

of the gene do not have seizures. Instead, they present with ataxia and impaired 

motor function (Levin et al., 2006). 

 

The SCN8A- caused epilepsy is characterized by early onset seizures, usually within 

the first 6 months of life (Wagnon & Meisler, 2015). Some patients have seizures at 

birth and their mothers have reported tremors in utero. Seizure types vary, but 

tonic-clonic seizures are common, characterized by stiffening of the muscles, loss of 

consciousness, and jerking movements. After seizure onset, many patients lose skills 

they have gained during growth, such as controlling the neck and head, sitting up 

without support, or walking. Some regain these abilities while others do not. Low 

muscle tone (hypotonia) and other movement disorders like ataxia are common in 

affected patients. Some patients face a second period of developmental regression 

after vaccines or a change in seizure type. More often than not, patients’ seizures 
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types will change from the one they initially presented with to either a different 

type, i.e. tonic-clonic to just tonic, or in severity. A portion of patients are able to 

regain skills (see above) after vaccination or change in seizure types while others do 

not. In general, the better an individual’s seizures are managed together with their 

medical provider, the better he/she develops (Wagnon & Meisler, 2015).  

 

Drug treatment is usually limited in efficacy, with many individuals continuing to 

experience seizures while on multiple drugs (Wagnon & Meisler, 2015). Some have 

been able to reduce the frequency of seizures with the ketogenic diet (Wagnon & 

Meisler, 2015). Although some have passed away due to complications from 

difficulty swallowing and breathing, many individuals are able to enjoy life with the 

support of family and community. 

 

1.4 SCN8A Mutations 

 

Currently, more than 60 SCN8A pathogenic mutations have been identified in 

patients with early-onset epileptic encephalopathy (Wagnon & Meisler, 2015). All 

mutations are missense and cause epilepsy except for one nonsense mutation where 

the patient exhibited ataxia and intellectual disability but no seizures (Trudeau et 

al., 2006). They are thought to be gain-of-function mutations because loss of one 
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copy of the gene does not result in seizures while patients with seizures typically 

have two “functioning” copies of SCN8A. Compare this to the pathogenic mutations 

in SCN1A, of which there are more than 700 reported, and are made up of almost 

equal proportions of nonsense and missense variants. Mechanistically, pathogenic 

SCN1A variants are loss-of-function. 

 

 Most SCN8A mutations appear in the transmembrane regions of the protein. There 

are recurring mutations in several of the amino acids. This is possibly due to the 

high rate of mutation at CpG sites, but further studies are needed to confirm this 

hypothesis (Wagnon & Meisler, 2015). 

 

 

Figure 4. The protein encoded by SCN8A, Nav1.6. Notation for the various parts of the 

protein shown here will be used throughout the paper. 
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2 OBJECTIVES 

 

In this project, we aim to characterize the types of mutations observed in SCN8A-

caused early-onset epilepsy cases, as well as investigate a few and describe the 

common physical characteristics. The pathogenic mutations in SCN8A are expected 

to be clustered in functional parts of the protein. Specifically, we hypothesized that 

they would appear more often in the transmembrane domains while non-

pathogenic variants would appear in the connecting loops of the protein. They 

would be clustered in the inactivation gate, pore loops, and voltage-sensing 

transmembrane domains rather than be located in a uniform distribution 

throughout the protein. 
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3 METHODS 

 

3.1 Study Area 

 

Individuals were recruited from around the world, but mostly limited to English-

speakers with internet access. The majority of recruited individuals live in the 

United States and Europe.  

 

3.2 Population Samples 

 

Published Literature. Since the publics of the Veeramah et al. paper in 2012, a 

number of SCN8A mutations involved in early-onset severe epilepsy have been 

published in case reports. The literature search on PubMed 

(https://www.ncbi.nlm.nih.gov/pubmed) and Google Scholar 

(https://scholar.google.com/) produced 18 papers with 42 unique mutations from 

75 patients, along with their description and medical history.  

 

Facebook Group. On Facebook, there is a private group of parents with children 

diagnosed with SCN8A-caused, severe, early-onset epilepsy. We provided a 

questionnaire for them to fill out at their own discretion along with the option to 

submit official genetic and EEG reports from their physicians. This method of data 
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collection doubled our sample size from just the published literature, and created a 

detailed database of their children’s phenotype and development to date. To date, 

61 patients with 46 additional unique de novo SCN8A mutations have been 

identified by this method. Some of the respondents have previously had a paper 

published about their case; the overlap is 6 unique mutations and 8 patients.  

 

Controls. Controls were identified from the Exome Aggregation Consortium (ExAC) 

(http://exac.broadinstitute.org/) browser. The browser contains a collection of 

exome sequences from 60,706 adult individuals without any severe childhood 

diseases including epilepsy. Contained in these exomes were 965 SCN8A variants of 

which 520 were unique and 246 were missense. Only missense variants were 

considered to compare with the missense pathogenic variants. The mean coverage 

for SCN8A is 51.44X. 

 

3.3 Data Collection 

 

In order to better characterize and confirm SCN8A-caused epilepsy, we needed 

genotype and phenotype information from patients in a focused and useful manner. 

To that end, we requested, and received, genetic reports and other medical records 

from the parents of patients to confirm diagnoses. We also created a 15 page 
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questionnaire which was sent out to patients that covered a large portion of the 

patients’ medical history, including previous and current medication, progress of 

development in cognitive and physical skills, and any other comorbidities (Appendix 

B). 

 

3.4 Data Analyses 

 

For all analyses, only missense variants, or patients with missense variants, were 

used. The full list of pathogenic variants is included in Appendix A. Nonsense 

variants, deletions, and insertions were not included due to the ambiguity in 

classification for the following tests. 

 

The data were analyzed using Microsoft Excel 2013 and R (version 3.2.3) in 

conjunction with RStudio (version 0.99.887). Analyses were performed to examine 

the distribution of missense mutations throughout the protein, with the end goal of 

identifying regions that are more or less tolerant to variants. 

 

To test if the pathogenic mutations appear more often in the transmembrane 

domain, we performed a proportion test with the amino acids as the control. We 

compared the protein’s proportion of amino acids in the transmembrane regions 
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with the proportion of mutations that appear in those same regions. The test was 

two-sided.   

 

A Fisher’s exact test was performed to compare the distributions of the pathogenic 

and non-pathogenic variants across the transmembrane vs. other protein regions. 

The 2x2 matrix used for analyses is shown in Table 2 of RESULTS. 

 

A two-sided exact binomial test was performed to determine if mutations were 

localized to areas of the protein as described in Figure 4, with a confidence level of 

95%. The proportion of total mutations in each section of the protein was compared 

to the proportional length of the section (Table 1).  

Argument Trait used for search 

Number of trials Number of pathogenic mutations (134) 

Number of successes Number of mutations in the protein segment 

Test proportion 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑚𝑖𝑛𝑜 𝑎𝑐𝑖𝑑𝑠 𝑖𝑛 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑠𝑒𝑔𝑚𝑒𝑛𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑚𝑖𝑛𝑜 𝑎𝑐𝑖𝑑𝑠 (1980)
 

 

Table 1 Description of arguments used in the exact binomial test. Arguments are the 

number of mutations for trials, the number of mutations in each protein 

segment for successes, and the proportion of amino acids for that protein 

segment for the test proportion  to be biologically meaningful to SCN8A. 
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4 RESULTS 

 

4.1 Description of Samples 

 

Using a combination of published literature and the Facebook group, we have a total 

of 90 unique mutations and 134 patients. Several of the patients were reported in 

both the literature and the Facebook group, reducing the number from 142 found. 

21 mutations were reported at least two times. As of November 2016, the patients 

had an age range of 1.5 to 24.5 years. 50.6% of the patients were male and 49.4% 

were female.  

  

4.2 Distribution of Mutations 

 

Upon testing for an enrichment of pathogenic mutations in transmembrane regions 

with the Fisher’s Exact Test, we observed the mutation proportion of 0.43 as 

compared with the null of 0.27 is significantly different (p-value = 9.1 x 10-5), 

showing that pathogenic SCN8A mutations are more likely found in transmembrane 

domains (Table 2). When the same test is performed with non-pathogenic variants 

from the Exome Aggregation Consortium (ExAC), we get a p-value < 2.2 x 10-16 in 

comparing 0.035 to 0.27, indicating more non-pathogenic variants are likely found 

in connecting loops of the protein.  
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Group Transmembrane 
Connecting 

Loops 
Total 

Proportion of 

variants in the 

transmembrane 

Pathogenic 

SCN8A 

mutations 

58 76 134 0.43 

Amino Acid 

Length 
533 1447 1980 0.27 

ExAC SCN8A 

Variants 
80 2213 2293 0.035 

 

Table 2 Values used to test the distribution of variants in SCN8A. Groups refers to the 

subset of pathogenic mutations, amino acids, or ExAC variants found in the 

transmembrane regions of the protein or the loops connecting them. 

Transmembrane gives the number from each Group that are found in the 

transmembrane region of the protein while Connecting Loops refers to those 

found in the areas between the transmembrane regions. Total gives the total 

number within each group, while Proportion gives a normalized value for how 

many mutations, amino acids, or variants within each group are found in 

transmembrane regions.   

 

A final Fisher’s Exact Test comparing the distribution of the pathogenic and non-

pathogenic variants gives a p-value < 2.2x10-16, confirming that the distributions of 

the two groups of variants are statistically different.  
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When we look at the types of mutations (transition vs transversion) in the 

pathogenic variants, we see 91-96 transitions and 38-43 transversions, which gives 

a transition/transversion ratio of 2.12-2.53. The range is due to the ambiguity of 

several mutations that are reported with just the amino acid change rather than the 

cDNA change. However, the results still show that transitions are more common 

than transversions by a factor of two (Zhang & Gerstein, 2003). 

 

4.3 Age of Onset 

 

The average age of seizure onset for 85 SCN8A patients from Facebook and the 

literature is 4.45 months (Figure 5). Instead of following a normal distribution like 

we see in Dravet Syndrome (with average age of onset between 5-8 months), we see 

a bimodal one (Akiyama, Kobayashi, & Ohtsuka, 2012). One peak is in the first 

month of life with a second peak around four months. There is a minor peak about 

18 months representing a few patients with onset greater than 1 year. It is possible 

that these patients’ epilepsy is not caused by the de novo mutation in SCN8A. The 

empirical cumulative distribution plot shows the same data in a different format 

(Figure 6), showing the percentage of patients on the y-axis that have less than or 

equal to that age of onset. For example, the black vertical line at 1 month shows that 

there are less than 20% of patients with an age of onset at or before 1 month of age.  
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We can also see that 50% of patients have onset at or before 4 months of age and 

the greatest increases (largest steps) at 1 month and 3 months.  

 

In Figure 7, we show the distribution of age of onset compared between patients 

pulled from published literature and patients from the Facebook group in order to 

determine if the two groups are similar. We again observe a bimodal distribution in 

both groups of patients similar to the previous patient group, one peak at the first 

month, a second peak at 4 months, and a minor peak at 18 months.  

 

We also attempted to find a correlation between the locations of patients’ mutation 

vs their ages of onset, but found no correlation (data not shown). There was also no 

correlation between the protein segment a mutation was found (transmembrane vs. 

connecting loops) and age of onset (data not shown).  
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Figure 5. Bar plot of the Age of Onset. The distribution shows a bimodal distribution 

with some patients having onset within the first month of life and others at 4 

months.  

 

Figure 6. Empirical Cumulative Distribution Plot of the Patients’ Age of Onset. The 

figure shows the large increases before and after the first month (black vertical 
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line). Fraction younger refers to the percentage of patients that have a younger 

or equal age of onset. 

 

 

Figure 7. Distribution of the age of onset in months for patients divided into Literature 

(blue) and Facebook (red) patients. There are 48 patients from the Literature 

and 37 from the Facebook group. 

 

4.4 Distribution of de novo SCN8A mutations 

 

At first glance, certain segments of the protein appear to have a greater number of 

mutations, but the segments are varied in length. In order to determine if there are 

certain segments with more mutations, we divided the number of mutations by the 

length of the protein segment they were found in, essentially determining the 

number of mutations per amino acids. The segments are described by the domain 
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first (I-IV), then the segment (S1-S6). Other areas are the loops in between the 

Domains (Loop 1, Loop 2, and Loop 3) as well as the N-terminus (Nterm) and C-

terminus (Cterm) (Figure 4, Figure 8). We observed that most mutations were 

located in DIS3-4, DIIIS4-5, and in DIVS4 (see Fig. 8).  

 

 

Figure 8. Normalized distribution of mutations in each protein segment. The bars show 

where there are greater or fewer mutations. There are a greater number of 

mutations in DIS3-4, DIIIS4-5, and in DIVS4 and none in all Segments 1-2.  

 

We then performed exact binomial tests on each protein segment with the number 

of successes equal to the number of mutations in that segment, the number of trials 

equal to the total number of mutations, and the probability of success equal to the 

proportion of the protein segment size compared to the whole protein. The binomial 

test result yielded 15 segments with a p-value < 0.05 (Table 3). We observed that all 

results with statistically significantly fewer mutations are in the connecting loops 
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while those with more mutations are a mix of transmembrane and connecting 

segments.  

 

Domain Segment Number 

of 

Mutations 

Mutations 

per 

Amino 

Acid 

Proportion 

of Each 

Segment 

P-Value Result 

DI Nterm 2 0.015748 0.064141 0.012777 FEWER 

DI S3-4 6 1 0.00303 3.99 x 10-6 GREATER 

DI S4 4 0.2 0.010101 0.047732 GREATER 

Loop 1 S6-S1 4 0.011976 0.168687 7.33 x 10-7 FEWER 

DII S4 7 0.333333 0.010606 0.000614 GREATER 

DII S5 5 0.238095 0.010606 0.014547 GREATER 

Loop 2 S6-S1 5 0.023148 0.109091 0.005047 FEWER 

DIII S4-5 9 0.473684 0.009596 6.85 x 10-6 GREATER 

DIII S5-6 0 0 0.043434 0.004776 FEWER 

Inactivation 

Gate 

S6-S1 15 0.283019 0.026768 3.52 x 10-6 GREATER 

DIV S3 6 0.25 0.012121 0.006102 GREATER 

DIV S4 10 0.454545 0.011111 2.99 x 10-6 GREATER 

DIV S4-5 5 0.333333 0.007576 0.003717 GREATER 

DIV S5-6 0 0 0.032828 0.024723 FEWER 

DIV Cterm 23 0.107644 0.107912 0.024729 FEWER 
 

Table 3. Results of the binomial test with whether the results indicate greater or fewer 

mutations than expected from the null distribution. The first two columns 

describe the location, “Number of Mutations” shows the raw number in that 

segment, “Mutations per Amino Acid” is obtained by dividing the number of 

mutations in that segment by the amino acid length of that segment. 

“Proportion of Each Segment” is obtained by dividing the number of amino 

acids for that segment by the protein’s total number, 1980. P-values are given 
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in the next column, and “Result” is an interpretation of whether the segment 

has greater or fewer mutations than expected.  

 

4.5 Comparison to non-pathogenic variants 

 

To determine if these results are typical for the SCN8A gene in the general 

population, we compared the distribution of pathogenic de novo mutations with 

non-pathogenic variants found in individuals without severe epilepsy. Figure 9 

shows only unique sites since there are a few non-pathogenic sites found in 

hundreds of individuals which would skew the transmembrane segment of the 

protein, indicated in yellow on the figure. Several areas of the protein show two data 

sets “crossing” each other, indicating an excess of variants in one (e.g. non-epilepsy 

individuals) while there are very few in the other (e.g. individuals with epilepsy) , 

such as Loop 1 and the C terminus. When there are more pathogenic mutations in a 

segment compared to the non-pathogenic variants, it suggests that a segment is less 

“tolerable” to variation since more individuals with variants in that region have 

epilepsy. Likewise, areas with more non-pathogenic variants than pathogenic 

mutations appear more “tolerable” to variation, since those variants do not result in 

severe epilepsy. 
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Alternatively, there are the areas where there are very few variants in both data 

sets, like the pore segments (S5-6) in Domain II and IV. This suggests that those 

“double-flat” areas are lethal to variation in all individuals, since we do not see many 

mutations in either the pathogenic or non-pathogenic data sets.  

 

 

Figure 9. Cumulative distribution of the unique sites from pathogenic (blue) and non-

pathogenic (red) variants. Fraction upstream refers to the proportion of unique 

sites that are upstream of that site. The yellow columns mark where the 

transmembrane segments are and the grey columns mark the loops in between. 

We see a few segments where the two lines have differing slopes, i.e. there is a 

relatively steep increase in pathogenic mutations while the non-pathogenic 

mutations do not increase and the line remains relatively flat. Interestingly, 
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there are some segments where we don’t see much increase in either pathogenic 

or non-pathogenic sites. It may be because variations in those segments lead to 

lethality.  
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5 DISCUSSION 

 

Primarily, this work aimed to describe the patterns in the SCN8A mutations seen in 

patients with early-onset, SCN8A-caused epilepsy. We noted that the pathogenic 

mutations are primarily missense, with one nonsense mutation seen in a patient 

without epilepsy. The mutations are more likely to appear in transmembrane 

regions than in the connecting loops, with statistically fewer mutations seen in the 

connecting loops. This is likely due to the functional role of the transmembrane 

regions of the protein. Likewise, non-pathogenic mutations appear more often in the 

connecting loops because the loops do not serve a currently known significant 

purpose. Interestingly, the pore has a distinct lack of pathogenic and non-pathogenic 

variants. This may be because variants in those regions lead to lethality, leading to 

an absence of variation at those sites, but may also be because certain variants are 

recessive instead of dominant 

 

Interestingly, the distribution of age of SCN8A-linked-epilepsy onset follows a 

bimodal distribution with a peak shortly after birth and another around 4-5 months 

of age. While the cause is generally unknown, there does not appear to be a clear 

correlation between the age of onset and mutation location within the protein (data 

not shown). A few individuals had a very late onset, with seizures appearing after 1 
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year of age. This is potentially explained by pathogenic variants in genes other than 

SCN8A, like SCN1A or PCDH19. 

 

Although the data came from two sources (published literature and Facebook), 

there was no significant difference between the two sets. The average age of onset 

was very similar, and the bimodal distribution was similar in both groups. It is 

interesting to note that in the published literature, it was more common to report 

ages of onset as months and integers while those in the Facebook group were more 

inclined to report ages as weeks or half-months (e.g. 3.5 months or 6 weeks). This is 

perhaps because the authors of the published papers were more conservative in 

reporting ages than the parents.  

 

At first glance, the physical characteristics seem quite heterogeneous aside from the 

early-onset seizures seen in the patients. However, preliminary data suggests that 

there are patterns in patients’ developmental progress. The patients can be grouped 

into two main groups: 1) those who have undergone skill regression and 2) those 

who have not. The former group can then be further subdivided into two sets: 3) 

those who have regained their skills after regression, and 4) those who have not. 

Continuing work should be focused on determining the patterns within each group 
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in terms of mutation location, age of onset, or if there are environmental factors that 

can be avoided like certain vaccines or diet.  

 

Overall, the study describes patterns in where the mutations are, the distribution of 

the age of onset, and compared pathogenic to non-pathogenic variants. Its strengths 

lie in its large sample size (n=134) as well as the crowdsourcing aspect of data 

acquisition. Other studies have only a few patients for comparison, which does not 

provide enough information to draw conclusions. This is partially due to the 

“traditional” method of collecting patient data through medical centers or 

specialists. By using Facebook as a crowdsourcing method, we were able to acquire 

more than 20 patients and their information within a year. Unfortunately, this 

method can result in biases as it relies on the self-reporting of a patient’s parents 

instead of an experienced physician. Future works can use this as a framework for 

studying any genotype-phenotype correlations (mutation location vs seizure types), 

or patterns in the patients’ phenotypes (pattern in development and regression).  
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6 APPENDIX A – Mutation List and References 

 

 CDS POSITION AMINO ACID CHANGE REFERENCE 

1 c.134G>A p.Arg45Gln Facebook. 

2 c.172G>A p.Asp58Asn Blanchard 2015 

3 c.424A>G p.Ile142Val Other Researcher. 

4 c.497C>T p.Thr166Ile Facebook 

5 c.497C>T p.Thr166Ile Facebook 

6 c.628T>C p.Phe210Leu Mercimek-Mahmutoglu et al. 2015 

7 c.632T>C p.Val211Ala Facebook 

8 c.641G>A p.Gly214Asp Epi4K 2013 

9 c.641G>A p.Gly214Asp Facebook 

10 c.643A>G p.Asn215Asp Larsen 2015  

11 c.643A>G p.Asn215Asp Decipher 2014 

12 c.647T>A p.Val216Asp Ohba 2014 

13 c.647T>G p.Val216Gly Facebook 

14 c.667A>G p.Arg223Gly de Kovel 2014 

15 c.667A>G p.Arg223Gly Facebook 

16 c.669G>C or T p.Arg223Ser Facebook 

17 c.697G>C p.Val233Leu Facebook 

18 c.715A>G p.Thr239Ala Facebook 

19 c.718A>C p.Ile240Leu Facebook 

20 c.779T>C p.Phe260Ser Larsen 2015  

21 c.800T>C p.Leu267Ser Facebook 

22 c.802A>C p.Ile268Leu Facebook 

23 c.813G>T p.Gln271His Facebook 

24 c.1041C>G p.Asn347Lys Facebook 

25 c.1099A>G p.Met367Val Facebook 

26 c.1157C>G p.Thr386Arg Facebook 

27 c.1219T>G p.Leu407Val Other Researcher 

28 c.1221G>C p.Leu407Phe Kong 2015 

29 c.1222G>A p.Ala408Thr Facebook 

30 c.1228G>C p.Val410Leu Larsen 2015  

31 c.1244A>G p.Glu415Gly Facebook 

32 c.1246G>A p.Glu416Lys Decipher 

33 c.1588C>T p.Arg530Trp Olsen 2015 

34 c.1984C>T p.Arg662Cys Larsen 2015 

35 c.2287A>G p.Ile763Val Facebook 

36 c.2287A>G p.Ile763Val Facebook 

37 c.2300C>T p.Thr767Ile Estacion 2014 

38 c.2300C>T p.Thr767Ile Facebook 

39 c.2464G>A p.Gly822Arg Other Researcher  

40 c.2534C>T p.Ser845Phe Facebook 

41 c.2537T>C p.Phe846Ser Ohba 2014 
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42 c.2549G>A p.Arg850Gln Kong 2015 

43 c.2549G>A p.Arg850Gln Facebook 

44 c.2549G>A p.Arg850Gln Facebook 

45 c.2549G>A p.Arg850Gln Facebook 

46 c.2549G>A p.Arg850Gln Facebook 

47 c.2624T>A p.Leu875Gln Epi4K 2013 

48 c.2641G>C p.Val881Leu Facebook 

49 c.2642T>C p.Val881Ala Facebook 

50 c.2668G>A p.Ala890Thr Larsen 2015  

51 c.2668G>A p.Ala890Thr Kong 2015 

52 c.2668G>A p.Ala890Thr Facebook 

53 c.2879T>A p.Val960Asp Larsen 2015  

54 c.2932A>G p.Ser978Gly Other Researcher. 

55 c.2942G>C p.Ser981Thr Facebook 

56 c.2952C>G p.Asn984Lys Blanchard 2015 

57 c.3148G>A p.Gly1050Ser Facebook 

58 c.3148G>A p.Gly1050Ser McMichael 2015 

59 c.3344G>A p.Ser1115Asn Facebook 

60 c.3601G>A p.Glu1201Lys Facebook  

61 c.3922T>C p.Ser1308Pro Decipher 

62 c.3953A>G p.Asn1318Ser Facebook 

63 c.3956C>A p.Ala1319Asp Facebook 

64 c.3967G>A p.Ala1323Thr Facebook 

65 c.3967G>A p.Ala1323Thr Facebook 

66 c.3967G>C p.Ala1323Pro Decipher 

67 c.3967G>T p.Ala1323Ser Decipher 

68 c.3979A>G p.Ile1327Val Vaher 2013 

69 c.3979A>G p.Ile1327Val Singh 2016 

70 c.3979A>G p.Ile1327Val Other Researcher. 

71 c.3991C>G p.Leu1331Val Carvill 2013 

72 c.3995T>G p.Leu1332Arg Facebook 

73 c.4351G>A p.Gly1451Ser Blanchard 2015 

74 c.4382G>T p.Gly1461Val Facebook 

75 c.4397A>C p.Asn1466Thr Ohba 2014 

76 c.4398C>A p.Asn1466Lys Ohba 2014 

77 c.4398C>A p.Asn1466Lys Facebook 

78 c.4423G>C or A p.Gly1475Arg Facebook 

79 c.4423G>C or A p.Gly1475Arg Facebook 

80 c.4423G>C or A p.Gly1475Arg Facebook 

81 c.4423G>C or A p.Gly1475Arg Facebook 

82 c.4423G>C or A p.Gly1475Arg Facebook 

83 c.4426G>A p.Gly1476Ser Facebook 

84 c.4435A>G p.Ile1479Val Larsen 2015  

85 c.4435A>G p.Ile1479Val Facebook 

86 c.4447G>A p.Glu1483Lys Gardella 2016 
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87 c.4447G>A p.Glu1483Lys Gardella 2016 

88 c.4447G>A p.Glu1483Lys Gardella 2016 

89 c.4472C>T p.Ala1491Val Facebook 

90 c.4748T>C p.Ile1583Thr Berghuis 2015 

91 c.4774G>C p.Val1592Leu Larsen 2015  

92 c.4780A>C p.Ile1594Leu Facebook 

93 c.4787C>G p.Ser1596Cys Kong 2015 

94 c.4787C>G p.Ser1596Cys Facebook 

95 c.4814T>G p.Ile1605Arg Larsen 2015  

96 c.4850G>A p.Arg1617Gln Rauch 2012 

97 c.4850G>A p.Arg1617Gln Ohba 2014 

98 c.4850G>A p.Arg1617Gln Larsen 2015  

99 c.4850G>A p.Arg1617Gln Dyment 2014 

100 c.4850G>A p.Arg1617Gln Kong 2015 

101 c.4850G>A p.Arg1617Gln Facebook 

102 c.4859G>T p.Arg1620Leu Other Researcher 

103 c.4862T>G p.Leu1621Trp Fung 2015 

104 c.4873G>A p.Gly1625Arg Decipher 2014 

105 c.4889T>C p.Leu1630Pro Facebook 

106 c.4925T>G p.Phe1642Cys Facebook 

107 c.4948G>A p.Ala1650Thr Ohba 2014 

108 c.4948G>A p.Ala1650Thr Larsen 2015  

109 c.4948G>A p.Ala1650Thr Facebook 

110 c.4949C>T p.Ala1650Val Facebook 

111 c.5261T>C p.Phe1754Ser Facebook 

112 c.5302A>G p.Asn1768Asp Veeramah 2012 

113 c.5401C>G p.Gln1801Glu Larsen 2015  

114 c.5479A>G p.Ile1827Val Facebook 

115 c.5555C>T p.Thr1852Ile Facebook 

116 c.5597G>A p.Arg1866Gln Facebook 

117 c.5614C>T p.Arg1872Trp Ohba 2014 

118 c.5614C>T p.Arg1872Trp Larsen 2015  

119 c.5614C>T p.Arg1872Trp Larsen 2015  

120 c.5614C>T p.Arg1872Trp Takahashi 2015 

121 c.5614C>T p.Arg1872Trp Facebook 

122 c.5614C>T p.Arg1872Trp Facebook 

123 c.5614C>T p.Arg1872Trp Facebook 

124 c.5614C>T p.Arg1872Trp Other Researcher. 

125 c.5615G>A p.Arg1872Gln Larsen 2015  

126 c.5615G>A p.Arg1872Gln Larsen 2015  

127 c.5615G>A p.Arg1872Gln Wagnon 2016 

128 c.5615G>A p.Arg1872Gln Facebook 

129 c.5615G>A p.Arg1872Gln Horvath 2016 

130 c.5615G>T p.Arg1872Leu Wagnon 2016 

131 c.5615G>T p.Arg1872Leu Wagnon 2016 
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132 c.5615G>C p.Arg1872Pro Facebook 

133 c.5630A>G p.Asn1877Ser Facebook 

134 c.5675G>A p.Arg1892His Facebook 
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7 APPENDIX B – Facebook Questionnaire 

SCN8A Family Information Sheet    Date (MM/DD/YYYY):    

Child’s First Name:       

Child’s Last Name:      

Sex:   Female   Male   Unknown 

Date of Birth (MM/DD/YYYY):     

Age:        months  years 

Contact Information: 

Father’s Name:                                Unavailable 

Date of Birth (MM/DD/YYYY):     

Address      

Telephone      

Email      

Ethnicity:  European  African American  Middle East  East Asian  South Asian 

Pacific Islander  Hispanic  Native American  Other       

Mother’s Name:                                Unavailable 

Date of Birth (MM/DD/YYYY):     

Address      

Telephone      

Email      

Ethnicity:  European  African American  Middle East  East Asian  South Asian 

Pacific Islander  Hispanic  Native American  Other       

 

Pediatric Neurologist:  Unavailable 

Name      

Institution      

Address      

Telephone      

Email       
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I. EPILEPSY 

What age did seizures begin?        months  years 

 

What was the initial diagnosis given by the pediatric neurologist? 

 Infantile Spasms (IS)    Lennox-Gastaut Syndrome (LGS) 

 Dravet Syndrome (DS)    Epileptic Encephalopathy (EE) 

 Epilepsy      Febrile Seizures (FS) 

 None       Other:          

 

What age was the diagnosis given?       months  years 

 

What were the initial seizure type(s)? 

 Generalized     Partial (Focal)  

 Clonic      Myoclonic    Tonic    Atonic  

 Absence      Atypical Absence 

 Epileptic Spasms    Febrile Seizures (FS) 

 Other:       

 

Please provide a description of your child’s initial seizure(s):  
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Did your child’s seizures change over time?   Yes   No   Unknown 

If yes, at what age did the seizures change?        months  years 

 

If yes, please check all that apply. 

 Generalized     Partial (Focal)  

 Clonic      Myoclonic    Tonic    Atonic  

 Absence     Atypical Absence 

 Epileptic Spasms    Febrile Seizures (FS) 

 Other:       

 

Please provide a description of your child’s subsequent seizure(s): 
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Do any other family members have a history of seizures or neurodevelopmental 

problems?  

 Yes   No   Unknown 

 

If yes, please list their name, relation, and type of epilepsy. (If you prefer, please upload a 

family tree/pedigree with the above information.) 

Name:       

Relation to the child:      

 Seizures  Autism  Intellectual Disability  Other:       

Description:      

Name:      

Relation to the child:      

 Seizures   Autism  Intellectual Disability  Other:       

Description:      

Name:       

Relation to the child:      

 Seizures   Autism  Intellectual Disability  Other:       

Description:      

Name:       

Relation to the child:      

 Seizures   Autism  Intellectual Disability  Other:       

Description:      

Name:      

Relation to the child:      

 Seizures   Autism  Intellectual Disability  Other:       

Description:      

Additional:        

  



43 
 

 

II. MEDICATIONS 

Please list all anti-epileptic drugs (seizure medications) the child is currently taking: 

Medication Dose/Weight Date Started 
1.                   

2.                   

3.                   

4.                   

5.                   

 

Additional:  

      

 

 

 

Is the child currently seizure-free?   Yes   No 

If yes, please provide the approx. date of the last seizure:       

 

If no, what is the average frequency and duration of the seizures?  

Frequency:         per  day  week  month 

Duration:          seconds  minutes 

Additional:  

      

 

Do the seizures occur while awake?   Yes  No   Unknown 

Do the seizures occur while asleep?   Yes  No   Unknown 
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Please list all anti-epileptic drugs (seizure medications) the child has previously taken: 

Medication: Dates 
Taken 

Maximum 
Dose 

Reached 

Did it work at 
any point? 

Side effects at any 
point?  

 Dose Dose Symptoms 

1.                    Y  N                                                                

2.                    Y  N                   

3.                    Y  N                   

4.                    Y  N                   

5.                    Y  N                   

6.                    Y  N                   

7.                    Y  N                   

8.                    Y  N                   

9.                    Y  N                   

 

Additional:  

      

 

Has your child tried the ketogenic diet?   Yes   No   Unknown 

Dates:     

 

On a scale of 1-10, with 10 being completely effective and 1 being no change, how much did it 

help?  

                     
1  2  3  4  5  6  7 8  9  10 

Additional:  
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Did your child experience initial or increased seizure activity within 48 hours after a 

vaccination? 

 

HepB   No   Yes, first Seizure  Yes, increased seizures 

RV   No   Yes, first Seizure  Yes, increased seizures 

DTaP   No   Yes, first Seizure  Yes, increased seizures 

Hib   No   Yes, first Seizure  Yes, increased seizures 

PCV   No   Yes, first Seizure  Yes, increased seizures 

IPV   No   Yes, first Seizure  Yes, increased seizures 

MMR   No   Yes, first Seizure  Yes, increased seizures 

Varicella  No   Yes, first Seizure  Yes, increased seizures 
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III. GENETIC TESTING 

What genetic testing has been done? Please provide the name of the company or 

laboratory that performed the test. If you prefer, you may attach a copy of the report from 

the genetic testing lab. 

 Unknown      None 

 Single Gene sequencing   Gene Panel 

 Whole exome sequencing (WES)  Whole genome sequencing (WGS) 

 Other:        

Company:          

Gene(s) sequenced or panel(s) used:         

 

What mutations were identified as a result of genetic testing? 

Gene names will usually consist of a combination of letters and numbers, e.g. SCN8A, PCDH19 

“Amino acid changes”, or protein changes, are usually indicated by small-case “p.” followed by 

either 1 or 3 letter codes (for amino acids) separated by a number, and followed by another 1 

or 3 letter code, e.g. p.R250Q, p.Arg250Gln, p.A1286X, p.Ala1286Stop.  

“Isoform/Transcripts” may begin with “NM_” followed by a string of numbers, e.g. 

NM_001177984.2.  

“Coding sequence changes”, or DNA changes, are usually indicated by a small-case “c.” 

followed a number, e.g. c.1898. There may also be two letters separated by a right angle 

bracket (“>”), e.g. G>A. They would appear together, e.g. c.1898G>A, c.G1898A. 

“Genomic coordinates” usually start with “chr” and a number. Then there will be a sequence of 

letters and numbers and end the same as “coding sequence change”, e.g. 

chr2.hg19.g.879676G>A 

 

Gene Amino acid 

change 
Isoform/Transcript Coding 

sequence 
change 

Genomic 

coordinates 

1.                               

2.                               

3.                               

 

Additional:       
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Does either parent have the same mutation?  Mother  Father  Unknown  Neither  



48 
 

 

IV. MEDICAL HISTORY 

Please provide information about the pregnancy, birth, and first month of life: 

Pregnancy: 

 Uncomplicated    Other:       

Length of pregnancy:       weeks 

Description:       

 

 

 

Birth:  

 Uncomplicated    Other:       

 

Apgar Scores:        /10      Unknown 

Weight:          lbs.       oz.   Unknown  

Length:          in.     Unknown 

Head circumference:        cm.     Unknown  

Head circumference:        percentile    Unknown 

 

Was the child admitted to the Neonatal Intensive Care Unit (NICU)?  

 Yes   No    Unknown 

If yes, please describe the reason: 

      

 

 

Were there any problems during the 1st month (neonatal period)? 
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V. ELECTROENCEPHALOGRAPHY (EEG) 

Please provide information about abnormalities in the child’s EEG readings (including 

ambulatory, video/continuous EEG monitoring. Please ask your doctor the following, or if 

you prefer, you may attach a copy of the EEG report:   

      

EEG at initial seizure onset   N/A  

Date:     

Summary of EEG findings from doctor’s report/notes: 

      

 

 

Interim EEG(s)   N/A  

Date:     

Summary of EEG findings from doctor’s report/notes: 

      

 

 

Most recent EEG     N/A 

Date:     

Summary of EEG findings from doctor’s report/notes: 
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VI. BRAIN SCANS 

Please provide information about any brain scan results. Please ask your doctor the 

following, or if you prefer, you may attach a copy of the brain scan reports:   

 

 None     Unknown 

 

 Magnetic Resonance Imaging (MRI)    Date Taken:     

 Normal    Abnormal   Unknown 

Summary of findings from doctor’s reports/notes:  

      

 

 

 

 Computerized Tomography (CT)      Date Taken:     

 Normal    Abnormal   Unknown 

Summary of findings from doctor’s reports/notes:  

      

 

 

 

 Single-Photon Emission Computed Tomography (SPECT) Date Taken:     

 Normal    Abnormal   Unknown 

Summary of findings from doctor’s reports/notes:  
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 Other:              Date Taken:     

 Normal    Abnormal   Unknown 

Summary of findings from doctor’s reports/notes:  

      

 

 

 

Would you consent to have your child’s MRI be evaluated by Dr. Adeline Vanderver and be 

included in a study of SCN8A and myelin disorders? If you agree, Dr. Vanderver’s office will 

contact you. 

  Yes   No    Would like to be contacted but need more information. 
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VII. NEURODEVELOPMENT AND COGNITION 

Please provide information about the child’s neurodevelopmental history and exams: 

Has the child undergone age-appropriate development? 

  Yes   No    Unknown 

If no, please provide a description:  

      

 

 

 

Were there any developmental delays prior to seizure onset?  

 Yes   No    Unknown 

If yes, please provide a description, such as type of delay, the age first noted, etc.:  

      

 

 

 

Did the child regress in development after seizures started?  

 Yes   No    Unknown 

If yes, please provide a description, such as skills lost, age, trigger, etc.:  

      

 

 

 

Additional:       
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Please describe the child’s current neurodevelopmental status: 

How are the child’s motor skills? Please provide information such as skill, age acquired, the child’s 

best skill, etc. 

 Head control     Age gained:         months   years 

 Sitting      Age gained:         months   years 

 Standing with support   Age gained:         months   years 

 Walking     Age gained:         months   years 

 Running     Age gained:         months   years 

Additional:       

 

 

What is the child’s current state under best conditions? The child is able to: 

 Control neck and head  Sit  Stand with support  Walk  Run  None 

 

How are the child’s language/communication skills? Please provide information on whether the 

child is speaking in single words, age acquired, number of words that can put together, uses sign 

language as a source of communication, the child’s best skill, etc. 

 

Speaking ability:  No words  One word  Phrases  Conversation  Sign language 

Estimated number of spoken words in vocabulary:       

Does the child follow single commands?      Yes  No   Unknown 

Sequential commands (sit down and put on your shoes)?  Yes  No   Unknown 

 

Does the child answer questions appropriately?  

 Single word answer    Multiple word answers  

 Conversation     Does not answer questions 

 

Additional:       
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Does the child have intellectual disability?    Yes   No   Unknown 

If yes, please explain. 

      

 

Has the child taken an IQ test?     Yes   No   Unknown 

If yes, what is the child’s IQ?       

Test taken:     

Age taken:        months  years 

 

Does the child have any autistic features?    Yes   No   Unknown 

If yes, please list them: 

 Social Skills  

Description:       

 Compulsive or Repetitive Behaviors  

Description:       

 Other:       

 

 

 

Describe any social or behavioral issues/mood disorder    None   Unknown 

Test taken:     

Age taken:        months  years 

Please list them:       
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VIII. PHYSICAL CHARACTERISTICS 

What is the child’s current: 

Height         ft.       in.   Weight       lbs. 

Head circumference       in.       percentile 

If not age appropriate, please list abnormality type and age acquired: 

Age:        months  years 

Description:       

Does the child have: 

Hypotonia or low muscle tone?  

 Yes   No    Unknown 

Spasticity, rigidity, or high muscle tone? 

   Yes   No    Unknown 

Physical weaknesses?  

 Yes   No    Unknown 

Movement disorders (e.g., choreoathetosis, athetoid movements)? 

 Yes   No    Unknown 

Ataxia/Cerebellar abnormalities (e.g., uncoordinated movements/unsteady walking)? 

   Yes   No    Unknown 

Diagnosis of autonomic nervous system dysfunction? 

 Yes   No    Unknown 

Vision problems? 

 Yes   No    Unknown 

Hearing problems? 

 Yes    No    Unknown 

Dysmorphic features (unusual appearing feature of face, ears, head, neck)? 

 Yes   No    Unknown 

Abnormalities in any other organs?  

 Yes   No    Unknown 
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Has your child experienced Sudden Unexplained Death in Epilepsy (SUDEP)?  

 Yes   No 

If yes, at what age?        months  years 
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IX. OTHER 

Is there any other information you would like to add? 

      

  

 

 

 

 

 

 

 

 

 

 

 

Thank you for your participation in completing this questionnaire. We 

appreciate your effort in providing the detailed information we requested for 

our research. Please feel free to contact Michael Hammer 

(mfh@email.arizona.edu) at the University of Arizona with any questions or 

comments you may have.  

mailto:mfh@email.arizona.edu
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