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Overview
In epilepsy brain function is suddenly, and usually transiently, disrupted by the
excessive activity of seizures. The fundamental problem is in the organisation and
dynamics of networks of neurons and glia. Our goal is to discover how neural
networks change in epilepsy with a view to help improving treatment and our
understanding of normal brain function.

Our research group
Temporal lobe epilepsy is one of the most common classes of epilepsy. Up to
40% of cases do not gain adequate seizure control with currently available drugs, which presents a major unmet clinical need. Most cases of temporal lobe epilepsy are
thought to result from non-traumatic precipitating events, and most experimental models use some means of inducing the epileptic focus. A latent period (weeks to
months or longer) follows the precipitating event, during which the normal brain circuitry transforms into an epileptic focus (“epileptogenesis”). One of the major goals of the
field is to develop disease-modifying treatments that can prevent epileptogenesis, although the ambiguity of the identity of the precipitating events makes it difficult to know
when any such treatment could be administered.
Our aims are to understand how neural circuitry is disrupted in epileptic foci and how the dynamics of neuronal activity change both during seizures and during the
prolonged “interictal” periods between them.
Cellular and network mechanisms of epileptic foci. Chronic experimental models, corroborated by the limited data available from clinical cases, show that multiple
aspects of cellular structure and function change in each epileptic focus. This poses a major challenge to distinguish the causes of the epilepsy from the consequences of
repeated seizures. We are using a range of electrophysiological (electrical) and histological methods to identify cellular and network changes in a model of temporal lobe
epilepsy which lacks any obvious damage to the brain (about one third of clinical temporal lobe cases are known as non-lesional). Ultimately this work could lead to
improvements in treatment by drugs or therapeutic stimulation.
Dynamics of neuronal activity during and between seizures. Seizures are the most dramatic feature of epilepsy. Between seizures activity may be changed in more
subtle ways, such as the interictal discharge shown in the banner to this page. Interictal epileptiform activity can have subtle effects on brain function, but can help with
diagnosis. Surgery to remove the epileptic focus can be very effective in carefully selected cases. The challenge is to find the “epileptogenic zone” which by definition is
the brain tissue that needs to be removed to stop the seizures. We have been particularly interested in “high frequency oscillations” between, preceding and during
seizures. In the hippocampus (see drawing of a brain with hippocampus exposed) those faster than ~250 per second seem to be much more common in the epileptic
focus and may provide a viable marker for the epileptogenic zone. We always are interested in basic mechanisms, and in 2003 reported that these high frequency
oscillations depended on clusters of individual neurons firing at much lower rates.

Clinical implications. Translation into clinical practice of our work currently is mainly on helping refine the identification of the epileptogenic zone before surgery, which
now is impacting on some patients and contributing to major reviews. We also are committed to teaching about epilepsy at all levels, including a special study module on
epilepsy for our medical students which is delivered by epilepsy researchers and clinicians from across our campus and Health Trusts.

“Drawing of rat brain showing exposed hippocampus, a structure often involved in temporal lobe epilepsy”
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Mechanisms of high frequency activity in chronic epileptic foci (Jefferys Powell and Jiruska, Epilepsy Research UK)
Mechanisms of mesial temporal lobe epilepsy (Jefferys and Sik. Medical Research Council)
Electrographic patterns in epileptogenesis (Jefferys and Kansas Medical Center Research Institute, USA)
Cell controlling approaches to epilepsy research (Chang, MRC Centenary Award)
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