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Project description (Number of characters, including spaces: 2.000 - 3.000): 

In spite of the many available antiepileptic drugs (AEDs) and of other therapeutic approaches (surgery, 
brain stimulation, ketogenic diet, etc.), about one-third of epilepsy patients do not get control of their 
seizures. The search for conceptually new therapeutic approaches is therefore a priority, and gene therapy is 
often a consideration. In fact, drug-resistant focal epilepsies represent an accessible target for gene 
therapy, because it may be sufficient to inject the vector directly in the brain parenchyma and express the 
therapeutic gene(s) in the relatively restricted brain area that generates focal seizures (1-3).  
Attempts in this direction have been made with genes that can modify cell (or circuit) function and control 
hyperexcitability, such as some channels, neurotransmitters, or receptors (4,5). These strategies have shown 
some but not totally satisfactory success in pre-clinical models. This may be due to a number of factors; 
first, epilepsy occurs because of a multitude of changes in neural cells and neuronal circuits and, therefore, 
using a single gene approach is unlikely to be fully effective; second, there may be homeostatic changes 
occurring following gene therapy administration that, in time, attenuate the desired effects; third, expression 
of non-human proteins entails the risk of immune reactions.  
We plan to use a conceptually new combinatorial gene therapy based on lentiviral vectors (LV), in the frame 
of an innovative chemogenetic approach. Current chemogenetic approaches use Designer Receptors 
Exclusively Activated by Designer Drugs (DREADDs), i.e. modified receptors that no longer respond to the 
endogenous ligand but to an otherwise inert drug (6). A problem with this approach is that the mutant 
receptor is a potentially immunogenic exogenous protein. In addition, the use of a new drug (the DREADD 
ligand) requires in depth assessment of its safety. The alternative approach that we propose is to 
overexpress endogenous receptors that mediate the response to clinically used AEDs, as these receptors will 
not cause immune reactions. We will focus on GABA-A receptors highly sensitive to benzodiazepines and 
barbiturates, that contain the alpha1, beta3 and gamma2 subunits. We will design vectors expressing a 
combination of these subunits under control of a promoter (CaMKII) that is specifically active in excitatory 
neurons (7). Thus, these vectors are expected to increase endogenous GABA-mediated inhibition on 
excitatory neurons, and to increase their responsiveness to benzodiazepines and/or barbiturates in the 
injected epileptogenic region, which implicates relatively lower drug concentrations in other regions of the 
brain and, therefore, lower risk of side effects. 
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

- Technical skills: the PhD student will learn molecular biology techniques; primary cell culture; 
engineering and production of LV vectors; micro-surgery; immunohistochemistry; confocal 
microscopy. 

- Analysis & Problem-Solving skills: learn to identify problems and their possible causes; think 
independently; design experiments; identify goals to be accomplished in a realistic timeline. 

- Interpersonal & Leadership Skills: learn to conduct group discussions; present data at scientific 
meetings; communicate ideas effectively; teach skills or concepts to undergraduate students. 

 

  



PROPOSAL AS DIRECTOR OF STUDIES & 
RESEARCH PROJECT 

MO-PHDMM-1 

Rev. 06 del 04/03/2022 

Page 4 di 6 

References (max. 15) 

1. Simonato M, Brooks-Kayal AR, Engel J Jr, Galanopoulou AS, Jensen FE, Moshé SL, O'Brien TJ, Pitkanen A,
Wilcox KS, French JA. The challenge and promise of anti-epileptic therapy development in animal
models. Lancet Neurol. 2014 Sep;13(9):949-60

2. Simonato M, Bennett J, Boulis NM, Castro MG, Fink DJ, Goins WF, Gray SJ, Lowenstein PR,
Vandenberghe LH, Wilson TJ, Wolfe JH, Glorioso JC. Progress in gene therapy for neurological
disorders. Nat Rev Neurol. 2013 May;9(5):277-91.

3. Ingusci S, Verlengia G, Soukupova M, Zucchini S, Simonato M. Gene Therapy Tools for Brain Diseases.
Front Pharmacol. 2019 Jul 1;10:724.

4. Simonato M. Gene therapy for epilepsy. Epilepsy Behav. 2014 Sep;38:125-30.
5. Kullmann DM, Schorge S, Walker MC, Wykes RC. Gene therapy in epilepsy-is it time for clinical trials?

Nat Rev Neurol. 2014 May;10(5):300-4.
6. Kätzel D, Nicholson E, Schorge S, Walker MC, Kullmann DM. Chemical-genetic attenuation of focal

neocortical seizures. Nat Commun. 2014 May 27;5:3847.
7. Wykes RC, Heeroma JH, Mantoan L, Zheng K, MacDonald DC, Deisseroth K, Hashemi KS, Walker MC,

Schorge S, Kullmann DM. Optogenetic and potassium channel gene therapy in a rodent model of
focal neocortical epilepsy. Sci Transl Med. 2012 Nov 21;4(161):161ra152.

8. Bettegazzi B, Bellani S, Roncon P, Guarnieri FC, Bertero A, Codazzi F, Valtorta F, Simonato M, Grohovaz F,
Zacchetti D. eIF4B phosphorylation at Ser504 links synaptic activity with protein translation in
physiology and pathology. Sci Rep. 2017 Sep 5;7(1):10563.

9. Mazzuferi M, Kumar G, Rospo C, Kaminski RM. Rapid epileptogenesis in the mouse pilocarpine model:
video-EEG, pharmacokinetic and histopathological characterization. Exp Neurol. 2012 Dec;238(2):156-
67.

10. Nectow AR, Nestler EJ. Viral tools for neuroscience. Nat Rev Neurosci. 2020 Dec;21(12):669-681.
11. Klitgaard H, Matagne A, Grimee R, Vanneste-Goemaere J, Margineanu DG. Electrophysiological,

neurochemical and regional effects of levetiracetam in the rat pilocarpine model of temporal lobe
epilepsy. Seizure. 2003 Mar;12(2):92-100.

12. Bankstahl M, Bankstahl JP, Löscher W. Inter-individual variation in the anticonvulsant effect of
phenobarbital in the pilocarpine rat model of temporal lobe epilepsy. Exp Neurol. 2012 Mar;234(1):70-
84.




