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Personalized translational epilepsy research — Novel approaches and
future perspectives☆
Part II: Experimental and translational approaches
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Despite the availability of more than 15 new “antiepileptic drugs”, the proportion of patients with
pharmacoresistant epilepsy has remained constant at about 20–30%. Furthermore, no disease-modifying treat-
ments shown to prevent the development of epilepsy following an initial precipitating brain injury or to reverse
established epilepsy have been identified to date. This is likely in part due to the polyetiologic nature of epilepsy,
which in turn requires personalized medicine approaches. Recent advances in imaging, pathology, genetics, and
epigenetics have led to new pathophysiological concepts and the identification of monogenic causes of epilepsy.
In the context of these advances, the First International Symposium on Personalized Translational Epilepsy
Research (1st ISymPTER) was held in Frankfurt on September 8, 2016, to discuss novel approaches and future
perspectives for personalized translational research. These included new developments and ideas in a range of
experimental and clinical areas such as deep phenotyping, quantitative brain imaging, EEG/MEG-based analysis
of network dysfunction, tissue-based translational studies, innate immunity mechanisms, microRNA as treat-
ment targets, functional characterization of genetic variants in human cell models and rodent organotypic slice
cultures, personalized treatment approaches for monogenic epilepsies, blood–brain barrier dysfunction, thera-
peutic focal tissue modification, computational modeling for target and biomarker identification, and cost anal-
ysis in (monogenic) disease and its treatment. This report on the meeting proceedings is aimed at stimulating
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much needed investments of time and resources in personalized translational epilepsy research. This Part II in-
cludes the experimental and translational approaches and a discussion of the future perspectives, while the diag-
nostic methods, EEG network analysis, biomarkers, and personalized treatment approaches were addressed in
Part I [1].

© 2017 Published by Elsevier Inc.

1. Human biopsies and animal models to study mesial temporal
lobe epilepsy

Temporal lobe epilepsy (TLE) is the most common focal seizure dis-
order in adults. Generally, seizures do not start at birth but develop later
in life — often after transient insults. In many patients, such transient
brain insults, including status epilepticus (SE), are followed by a latent
period of epileptogenesis, preceding the emergence of clinical seizures.
Mechanisms of epileptogenesis obviously cannot be studied in human
brain tissue but require the use of animal models (reviewed in [2]). A
major component of translational epilepsy research addresses the asso-
ciation of pathomechanisms in human epilepsy tissue and correspond-
ing animal models.

In hippocampal biopsies of patients with pharmacoresistant TLE,
the CA1 pyramidal cell layer often shows pronounced neuropa-
thological changes including degeneration and functional hyperexcit-
ability. Based on these precedents, we aimed to characterize key
pathomechanisms that render CA1 pyramidal neurons chronically
hyperexcitable after a transient brain insult. In a recent study in exper-
imental animals, we demonstrated transcriptional upregulation of
CaV3.2 T-type Ca2+-channels, resulting in an increased propensity for
burst discharges of hippocampal CA1 pyramidal neurons, to represent
an important trigger for epileptogenesis [3]. We further demonstrated
that the metal-regulatory transcription factor 1 (MTF1) mediates the
increase of CaV3.2 mRNA and intrinsic excitability consequent to a rise
in intracellular Zn2+. Adeno-associated viral (rAAV) transfer of MTF1
into murine hippocampi led to increased CaV3.2 mRNA. Conversely,
rAAV-mediated expression of a dominant-negative MTF1 abolished
SE-induced CaV3.2 mRNA upregulation and attenuated epileptogenesis.
Finally, data from resected human hippocampi surgically treated for
pharmacoresistant TLE support the Zn2+-MTF1-CaV3.2 cascade to be
active also in human TLE tissue. As a perspective from ‘bench-to-
bedside’, we suggest that pharmacological interventions targeting the
Zn2+–MTF1–CaV3.2 cascade may provide a novel approach for the
treatment of pharmacoresistant TLE.

2. Innate immunity — cytokines and toll-like receptors in
pathophysiology and as treatment targets

Mechanisms of innate immunity play an important role in the devel-
opment of acquired epilepsies. Components of the innate immune sys-
tem, e.g., cytokines or Toll-like receptors (TLRs), can mediate tissue
remodeling, leading to network changes that eventually result in in-
creased excitation and synchronization, as well as reduced inhibition.
In addition, immunemediators also have a direct influence on neuronal
excitability via post-translational modification of ion channels [4]. In
this respect, interleukin-1 (IL-1) has been studied intensely in animal
models of epilepsy. Much data from epilepsy models confirmed both
pro-convulsive/pro-epileptogenic actions of IL-1 and protective effects
of IL-1 antagonization/inhibition. Translation of these experimental re-
sults to clinical research led to the development of a randomized,
double-blind phase IIa trial of VX-765, a selective inhibitor of IL-1
converting enzyme (ILE) [5]. This study showed a favorable safety pro-
file and a reduction of seizure frequency of 8.6% in the treatment group
vs. placebo. Surprisingly, a follow-up trial was terminated by themanu-
facturer. Nevertheless, this trial marked an important step towards

developing immunomodulatory drugs for epilepsy therapy, potentially
with disease-modifying activity.

Translating findings from animal models of epilepsy to the clinic is
not a simple process. Unpublished data from our group show, for
example, opposite regulation of intracellular TLRs in two rat models of
epilepsy, although both exhibit a very similar phenotype of mesial tem-
poral lobe epilepsy with hippocampal sclerosis (mTLE-HS). Such find-
ings highlight the need for personalized approaches in both basic
research and patient treatment above and beyond the current standard,
general methods. One helpful tool for personalization is cerebral micro-
dialysis. This technique allows repetitive sampling of extracellular mol-
ecules at consecutive timepointswithin the same individual. Applying a
stereotaxic approach, the target area can be targeted with extreme
precision.We used this technique to establish the time course of hippo-
campal cytokine release in a rat model of mTLE-HS over the course of
severalmonths (unpublished data). These resultswill be helpful for pre-
cise timing of immunomodulatory interventions for epilepsy therapy. In
fact, cerebral microdialysis is increasingly used as part of multimodal
monitoring in humans with severe neurological diseases that are often
accompanied by status epilepticus. The technique will undoubtedly
also allow additional insight into the mechanisms responsible for
seizures and epilepsy.

3. MicroRNAs as novel targets in personalized translational
epilepsy research

Afine balance between inhibitory and excitatory synaptic strength is
critical for the proper functioning of neural networks and therefore a
prerequisite for cognition. Defects in the inhibitory/excitatory (E/I)
balance on the other hand can lead to neurological diseases, such as
epilepsy. An important mechanism to control excitatory synapse
function is homeostatic scaling, which regulates synaptic strength in a
manner opposite to the stimulus to counteract potentially detrimental
changes in the E/I balance. Homeostatic downscaling in response to
chronic overexcitation of networks has been discussed as a pathophys-
iological mechanism in the context of epilepsy, but the underlying gene
regulatory programs are little understood.

One hypothesis is that microRNAs (miRNAs), a large class of small
regulatory non-coding RNAs, play an important role in the regulation
of homeostatic downscaling during epilepsy. In previous studies, we
have characterized an activity-regulated miRNA, miR-134, that is re-
quired for the morphological and functional downscaling of excitatory
synapses by downregulating the RNA-binding protein Pumilio-2 [6]. In-
triguingly, inhibition of miR-134 had been previously shown to have an
antiepileptogenic function in the kainate epilepsy model in mice, sug-
gesting that miRNA-regulated homeostatic plasticity might be a mal-
adaptive response during epileptogenesis.

More recently, we have performed unbiased screening for miRNAs
regulated during synaptic downscaling in vitro using small RNA se-
quencing. Thereby, we identified eight miRNAs that are upregulated
by chronic network activation [7]. One of these new candidates, miR-
129-5p, was subsequently studied in more detail. Inhibition of miR-
129-5p using antisense oligonucleotides interfered with synaptic
downscaling in cultured neurons, suggesting that miR-129-5p upregu-
lation is necessary for this process. Mir-129-5p expression was upregu-
lated in several rodent epilepsy models in vivo and in the hippocampus
of human patients with TLE. Injection of miR-129-5p inhibitors in mice
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