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What are epileptic seizures?
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• Epilepsy is a group of 
neurological diseases 
characterized by epileptic 
seizures

• Epileptic seizure is a brief 
episode of symptoms due to 
abnormal synchronous 
neuronal activity in the brain

• ~ 1 % of the world 
population: ~ 50 000 000 
people

• ~50% of adult epileptic 
patients have the temporal 
lobe epilepsy

• ~30-40% of patients do not 
respond to the 
pharmacological treatment

Fisher et al 2005
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WHAT HAPPENS WITH HUMAN NEURONS IN THE EPILEPTIC 
REGION WHEN IT BECOMES MORE SCLEROTIC?

Sclerosis is the stiffening of a structure, usually caused by a replacement of the 
normal organ-specific tissue with connective tissue.
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Background and open questions
Hippocampal sclerosis: 
§ Neurological condition with severe neuronal 

cell loss and gliosis in the hippocampus (CA1-
3 and subiculum).

§ Most common type of neurological damage 
observed in individuals with temporal lobe 
epilepsy (approx. 65% of patients).

§ Sclerotic hippocampus is a likely origin of 
chronic seizures in temporal lobe epilepsy.

§ Epilepsy patients can receive temporal 
lobectomy despite lack of overt hippocampal 
sclerosis (MRI-based diagnosis).
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Questions:
o Is hippocampal sclerosis the cause or the 

consequence of chronic and treatment-
resistant seizure activity?

o How are cellular and circuit properties affected 
by the degree of sclerosis?

Alonso-Nanclares et al, Front Neuroanat (2011)

Study details:
o Brain area: Dentate gyrus
o Neural type: granule cells and local interneurons
o Biomarker: degree of sclerosis (Watson grade 1-4)

Mild sclerosis (WG1) Severe sclerosis (WG4)
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Hippocampal sclerosis correlates with the degree of seizures
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Vossler et al. 1998
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Data generation from brain slices of human epilepsy patients 
undergoing hippocampal resection
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Data generation from brain slices of human epilepsy patients 
undergoing hippocampal resection
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Rebecca de 
Frates
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Electrophysiology and feature-based analysis of human DG granule cells
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n cells
WG1 61 (4 patients)
WG4 51 (3 patients)
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Electrophysiological features
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Ephys features cluster by Wyler grade
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Ephys features robustly cluster with Wyler Grade (degree of 
sclerosis)

stat significant features
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Morphological features cluster with Wyler Grade
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Morphological features cluster with Wyler Grade
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What do these morpho-electric features mean for epilepsy?
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How do we go from correlations to causality?
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Computational model of a biological neuron
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http://ecee.colorado.edu/
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Ion channels genes of granule cells in human dentate gyrus
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Beining et al 2017

Human hippocampus FACS (SMART-seq) Granule cell model for rat and mouse
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Model generation workflow
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Model generation workflow
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Model predictions: altered conductances associated with
hippocampal sclerosis
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Differentially expressed channels between WG1 and WG4
The same level of expression

10x RNA seq:
gene expression level

Predicted
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Granule cell model for human neurons
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WHAT IS THE ROLE OF SINGLE CELL PROPERTIES FOR 
NEURAL NETWORK DYNAMICS?
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Network modelSingle neuron model
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Addition of WG4 cells makes the dentate gyrus network 
hyperexcitable
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Conclusions

• WG1 granule cells (less sclerotic) have 
steeper f-I curve than WG4 cells (more 
sclerotic), but WG4 cells are faster to 
respond with spikes to the injected current

• WG4 granule cells have higher surface 
area compared to WG1 cells and have 
twice as many spines

• Addition of WG4 cells to WG1 network of 
dentate gyrus leads to hyperexcitability

• Manipulation of BK, Cav2.2 and Kir2.1 ion 
conductances could decrease excitability
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Questions!
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