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Background: Focal epilepsies are the most frequent type of adult 

onset epilepsies and pose a persistent challenge in medicine. 

Especially sclerotic types of mesial temporal lobe epilepsy (mTLE) 

display a high incidence of drug resistance. Certain patients benefit 

from surgical removal of the epileptogenic focus; however, a large 

cohort of patients cannot be successfully treated. Therefore improved 

treatment options are urgently needed. The importance of several 

neuropeptides as neuromodulators and potential antiepileptics is 

widely acknowledged; however, peptides hardly cross the blood–

brain barrier. Considering this, the aim of this project was to 

investigate the effect of permanent over-expression of pro-dynorphin 

(pDyn) in a model of refractory TLE. 

Methods: TLE was induced in male C57BL/6N mice by local injection 

of 1 nmol of kainic acid (KA) into the CA1 region of the left dorsal 

hippocampus. As in human mTLE, this model features hyper-

excitability, cell loss, sprouting of mossy fibers, pharmaco-

refractoriness as well as spatial memory impairment. A recurrent 

pattern of epilepsy-like activity is established within 3 to 4 weeks after 

KA injection. rAAV serotype 1 vectors, either expressing pDyn or 

GFP, were injected into the epileptogenic focus at different time 

intervals after KA or into the dorsal hippocampus of naive animals in 

control experiments. An EEG setup was used to study seizure-like 

activities in mice overexpressing pDyn or GFP in the epileptogenic 

focus. Histological, neurochemical changes and pDyn expression 

were studied applying immunochemistry or in situ hybridization. 

Micro-dialysis was used to confirm the release on-demand of the viral 

vector-derived dynorphin. A panel of behavioral tests was performed 

to investigate learning and spatial memory, stress-coping ability, 

anxiety and depression-like behaviors. 

Results: Over-expression of dynorphin in the epileptogenic focus, 

resulted in a marked decrease in hippocampal paroxysmal 

discharges, but also in a reduction of the number of generalized 

seizures. In contrast, the rAAV1-GFP control group displayed 

ongoing epileptic-like activity. Our data show that pDyn is expressed 

by neurons, is stimulation-dependently released, and does not induce 

an inflammatory response. Animals injected at a sub-chronic stage of 

epilepsy (i. e. 1 or 2 weeks after KA) with rAAV1-GFP or rAAV1-pDyn 

present no changes in anxiety, stress coping and depression-like 

behaviors. However, rAAV1-GFP-injected mice, like untreated 

epileptic mice and human patients, displayed impaired spatial 

memory and learning. In contrast, animals over-expressing pDyn 

showed normal spatial memory and learning up to 6 months after KA. 

In non-epileptic control animals the over-expression of pDyn or GFP, 

induced no alterations of anxiety, stress-coping and depression-like 

behaviors. 

Discussion: Our data provide proof of principle that pDyn over-

expression is able to rescue electrophysiological and functional 

characteristics and deficits observed in a drug-resistant TLE model. 

The long-term goal of our studies is to develop the preclinical model 

into a gene therapy for patients suffering from refractory mesial 

temporal lobe epilepsy and potentially other types of intractable, focal 

epilepsies. 

Acknowledgements: This work is supported by the Austrian Science 

Fund FWF (project I-977-B24 and W-1206-B05). 

 

 ________________________________  

 *Corresponding author e-mail: schwarzer.christoph@i-med.ac.at 


