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Innovative approaches

® Gene therapy
® Cell (stem cell) therapy

® Optogenetics



Gene therapy: in vivo and ex vivo




Kvl.| gene therapy decreases neuronal
excitability and epileptiform events in
neocortical epilepsy model:
anti-epileptic effect

Tetanus toxin ('Kv1.1-GFP or GFP)
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MRI of intrahippocampal
kainate-treated rat brain

Unilateral combinatorial gene
therapy of TLE with neuropeptide Y
and its receptor Y2
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Nikitidou et al., & Kokaia, 2013, submitted
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Combinatorial gene therapy with
FGF-2 and BDNF during early epileptogenesis
decreases seizure frequency and severity:
anti-epileptogenic effect

Transient gene therapy

eptogenesis Spontaneous seizures
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Induced pluripotent stem (iPS) cell-derived neurons
for epilepsy treatment
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Advantages of iPS cells: ~ Are these cells truly
 No immune rejection neuronal?
* No ethical issues
 Patient-specific cell therapy
* Drug screening
 Human disease models

Experimental Epilepsy Group / Epilepsy Center / Lund University Hospital



Human iPS cells differentiate into GABAergic neuronal
phenotype: could be used for cell therapy in epilepsy?

Avaliani et al., & Kokaia, 2013, submitted

Do these cells synaptically integrate into the host
circuitry?



Optogenetic tools

bacterial membrane channels and pumps

ChR2 NpHR Recording from grafted
iPS cell-derived neuron

L

Light activation of host
ChR2-expressing neurons
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Grafted iPS cells differentiate into functional neurons
and receive afferent inputs from host

C Recording from grafted
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Optogenetics control seizures

Tonnesen et al., & Kokaia, PNAS, 2009
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Optogenetics control seizures

4 Optogenetics ) NpHR in neocortical epilepsy: optogenetics inhibit epileptiform activity
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Expected translational time-line:
first clinical trial milestone

Within next 5 years Beyond next 5 years

Gene therapy >
Cell (stem cell) therapy >

Optogenetic therapy >

Appropriate EU-wide multidisciplinary collaborations and allocation of
resources is necessary to achieve expected milestones




