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Overview

• Brain disease (epilepsy) as a fast-emerging opportunity
• Patient perspectives on RNA medicines
• Opportunities

• Translational models and first-in-human 

• Challenges
• Delivery to the brain, safety & toxicity
• Using RNAs as PK/PD biomarkers

• Future perspectives

Moving from preclinical to early clinical trials

Disclaimer and conflict of interest: presenter holds patents for the treatment of epilepsies using RNA therapies and has received funding 
for the development of RNA medicines and biomarkers from commercial sources
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Why do we need new medicines?
• 1-in-3 patients do not achieve seizure control on current ASMs
• ASMs are not disease-modifying or specific for the underlying pathophysiology

Global market for Epileps y Drugs ~$5 Billion in the year 2020 (3.3% CAGR)

Epilepsy – unmet need and market

• 40% of severe epilepsies have 
single gene (monogenic) cause

loss and gain of function in Na+, K+, Ca2+

channels, neurotransmitter receptor genes, 
signaling pathways (mTOR)

• Acquired forms of epilepsy 
infection, brain injury - multi-pathway causes

NCT04740476

Enhancing productive Scn1a 
protein by ASO targeting of a 
natural “decay” signal for Dravet
syndrome
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Patient perspective on RNA medicinesWhat do patients want and what are they afraid of?

• Potential for cure/disease modification
• No more daily dosing
• Fewer side effects

• Invasive/painful injections

Patients want gene therapies

But they have concerns
• Can it be switched off?
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Gene and RNA therapies are clinically approved and many more are coming…..
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Opportunities for clinical translation

Morris et al Epilepsia 2022
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1). Epilepsy surgery provides access to live 
human tissue to test RNA medicines

Schwarz et al eLife (2019)

2). Innovative trials for RNA/gene therapies
• Surgery already planned. RNA therapy injected into 

tissue scheduled for resection 

= de-risking RNA medicines trials for CNS

Histology on resected tissue
(and monitor for changes to seizures)
Or if it “works” do not proceed to surgery  
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Opportunities for clinical translation

3). Other translational models for pre-human 
testing of RNA therapies

- Monitor target engagement
- Monitor change in symptoms 

(e.g. seizures)
- Easy detection with PCR-type 

point-of-care (POC) technology

4). Companion biomarkers: Circulating RNAs 
could support selection of patients or PK/PD. 

They could:

e.g. Mirxes’ GASTROClear
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Brain level of RNA
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Challenges with RNA therapies

Morris et al Trends Pharmacol Sci (2021)

2). Optimal chemistry (backbone, sequence….)

Straarup et al.  Nucl Acid Res2010

1). Requires direct delivery to CNS

3). How good are rodent models at predicting “off-target” and long-term effects?

4). Will RNA therapy interact with current treatment? 
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Future perspectives

2). Engineering “On” and “Off” 
switches for gene therapies

Fujita et al Sci Adv (2022)

1). RNA therapy that responds only to “active” pathology

Qiu et al Science (2022)

4). Cell-directed targeting of ASOs?

3). “Network” molecules such as microRNAs as ASO targets

  
  

      

      

Heiland et al Biorxivs 2022
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