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Gene therapy for epilepsy 
 
Snowball et. al have potentially discovered a way to bypass invasive surgeries commonly used 
to treat epilepsy, often risking a patient’s ability to function normally. This new method utilizes a 
less invasive gene therapy approach targeting the KCNA1 potassium channel gene, in turn 
decreasing the disorder’s effect. 
 
Jessica Faraca 

An article published by Snowball et al. in The Journal of Neuroscience investigated potential 
ways of treating refractory focal epilepsy using gene therapy techniques1. Refractory focal 
epilepsy is a form of epilepsy which is resistant to antiepileptic medications2. Currently, 
treatments for epilepsy mainly consist of medication or surgery. Of those diagnosed with 
epilepsy, 30-40% do not respond to treatment with medication3. This leaves a large percentage 
of the epileptic population considering surgery, and not every patient will be a viable surgical 
candidate. Surgical interventions can also pose risks to function and may result in severe side 
effects4. Researchers found when implanting a gene encoding modified voltage-gated 
potassium channels via a viral vector there was a significant reduction in seizures in a rat model 
of focal neocortical epilepsy1. These findings suggest gene therapy techniques are a potential 
noninvasive option for treating refractory focal epilepsy.  
 
Snowball et al. began by engineering the Kv1.1 voltage-gated potassium channel gene, KCNA1, 
to accelerate the recovery time following inactivation1. By increasing the recovery time of 
voltage-gated potassium channels the idea is hyperpolarization will be reached more 
successfully. This would then decrease the cells’ likelihood of firing again in rapid succession as 
seen in epilepsy 5. In order to incorporate the engineered potassium channel gene, the team of 
researchers utilized a nonintegrating lentiviral vector. Lentiviral vectors are a form of viral vector 
derived from human immunodeficiency virus (HIV)6. These viral vectors allow for genetic 
information to be incorporated into the host cell. Snowball et al. employed a non-integrating 
lentiviral vector, the non-integrating vector does not incorporate into the DNA of the individual, 
making it a safer option. The viral vector was under the control of a cell type-specific CAMK2A 
promoter1. The animal model used in this research was a male rat for focal neocortical epilepsy. 
In order to quantify and analyze seizure reduction, continuous electrocorticography (ECoG) 
readings were taken. ECoG recordings measure the cortical potentials, it is often used to 
determine the location of epileptic tissues and predicted a surgery’s effectiveness in treating 
epilepsy7. Seizure activity was then compared to baseline in order to determine the gene 
therapy’s effectiveness. 
 
The team of researchers ended up finding a significant reduction in seizure activity compared to 
baseline in a male rat model of neocortical epilepsy. Following the lentiviruses injection, there 
was a decrease in seizure activity compared to control. The results of this preclinical trial 
suggest the engineered KCNA1 gene administered by a non-integrating lentiviral vector is a 
promising treatment for refractory focal epilepsy and further research should be done assessing 
its efficacy. 
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The team of researchers ended up finding a 
significant reduction in seizure activity 
compared to baseline in a male rat model of 
neocortical epilepsy. Following the 
lentiviruses injection, there was a decrease in 
seizure activity compared to control. The 
results of this preclinical trial suggest the 
engineered KCNA1 gene administered by a 
non-integrating lentiviral vector is a promising 
treatment for refractory focal epilepsy and 
further research should be done assessing its 
efficacy. 
 
One thing to consider when considering the 
results of this research is the use of an animal 
model for refractory focal epilepsy. In humans 
there can be many different causes of 
epilepsy. And although mutated potassium 
channels are of great interest, there are many 
variations and phenotypes that may be possible8. This study focused on the Kv1.1 voltage- 
gated potassium channel and engineering of the KCNA1 gene. However, more studies will need 
to be completed in order to truly determine this specific gene therapy’s effectiveness. With that 
being said, the work performed by Snowball et al. is promising for the future of refractory focal 
epilepsy treatment and has the potential for clinical applications. 
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Figure 1. Figure depicting voltage-gated potassium 
activation/recovery before versus after genetically 
engineered len,tiviral vector administration to male rat 
neocortical epilepsy model. 

 


