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A Genetic Approach to Diagnosing and Treating 
Epilepsy
by Kate Forster

With many complex neurological disorders, there is more 
to them than meets the eye. One example is epilepsy, whose 
impact upon those who have it extends far beyond the injury 
that the seizures can cause. The unpredictability of seizures 
imposes severe restrictions on an individual’s lifestyle and can 
inhibit their social interactions. Epilepsy can adversely affect 
the quality of life for many with the disorder. For the past seven 
years, Heather Mefford, M.D., Ph.D., associate professor of 
pediatrics and CHDD research affiliate, has been working on 
finding new genetic causes of epilepsy. Now, Mefford is focusing 
her research on the childhood epileptic encephalopathies (CEE), 
the most severe forms of epilepsy, which are often unresponsive 
to medication and can cause developmental arrest and even 
regression. Individuals with CEE are severely affected with 
developmental delays and intellectual disability in addition 
to their intractable seizures. Mefford believes that using 
a genetic approach to tackle this class of epilepsies will prove successful in informing an early 
diagnostic approach and lead to new treatment options.

Genetic basis
 There is considerable evidence that genetic mutations cause CEE, and recent research has identified 

several new genetic causes. Mefford’s research focuses on understanding those genetic causes. Her first 
approach involves looking for chromosome deletions and duplications, that is, missing or extra pieces of 
DNA. Her second approach involves a method called next generation sequencing, and it involves finding 
genetic mutations that are unique to the child who has CEE and do not appear in either parent. “We think 
there is a good chance of finding these because the parents are unaffected, and we don’t expect them 
to have the same mutation,” said Mefford. To find these mutations, she is using a targeted approach by 
selecting a group of genes that are predicted to be good candidates for causing epilepsy and then 
sequencing 40–50 genes at a time in a cohort of patients. “We have used our targeted sequencing 
approach several times, and we’ve identified several new genes that, when mutated, can cause 
epilepsy,” she said. Mefford and her team have close to 1,000 DNA samples of individuals with CEE 
and their families. They sequence the gene panel first of the individuals with CEE and look for possible 
causes of the disorder. They then sequence the genes of the parents to determine whether the genetic 
mutation is inherited or is just in the child. “If we still haven’t found what we think is the cause of 
CEE,” she said, “we will then move to whole exome sequencing—that is, analyzing the make-up of 
all the protein-coding genes in a genome, such as the SCN8A gene, as shown in the following figure. 
We’re doing this now for a good subset of our cases that are still unsolved.” Mefford is using the CHDD 
Genetics Core for this research.
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Benefits of genetic diagnosis 
Mefford hopes that the results of her research will directly benefit individuals with epilepsy and their 

families through improved diagnostic, prognostic, and recurrence risk information. “A diagnosis of CEE 
is very difficult for parents on a number of levels. Not only do they have to care for a child with a severe 
neurological disorder, they may still be building their family and trying to decide whether or not to have 
another child, and they don’t know the chances that their next child will have CEE,” she said. “Part of the 
benefit of genetic diagnosis for CEE is that it helps the family understand what the child’s life is going to 
look like, and depending on the genetic diagnosis, it allows them to understand the chances of recurrence 
so they can make an informed decision about growing their family. Also, if you can make a genetic 
diagnosis early, you can stop additional testing and what can become for many a long diagnostic odyssey.”

Looking forward 
In addition to helping those with CEE and their families, Mefford’s work will provide a greater 

understanding of the genes involved in normal development and function of the brain, and this will facilitate 
improved therapies for epilepsies as a whole—and perhaps for other related conditions as well. Previous 
studies have shown that the genetic causes of epilepsy syndromes overlap with the genetic causes of 
intellectual disability and autism spectrum disorder. As she and her research team identify new genes and 
genetic pathways that cause CEE, they will also be laying the groundwork for exploring the overlapping 
causes of related neurodevelopmental disorders, and this has broad implications in diagnosing and 
treating a range of developmental disabilities.

“Now that we have the tools and we know how to look at mutations, it’s going to be very helpful for 
families with other disorders,” said Mefford. “Encephalopathies are pretty rare to begin with, and every 
discovery of a genetic cause chips away at the mystery of what causes this disorder. Therefore, if we can 
find drugs that work not on a specific gene, but on a group of genes or a genetic pathway, we can think 
about affecting treatment on a broader level. The long-term goals in this field, and for us, are to find the 
genetic mutations for CEE and to find the researchers who’ve developed functional studies to test both 
known drugs and new compounds to see if they work on those mutations. We would like to ultimately 
develop clinical trials. The outlook is very promising.”

Figure of the SCN8A 
protein, which is 
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protein coding 
gene. This protein 
is a sodium channel 
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is the location of a 
mutation in a patient. 


