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In 2020, the first mRNA-based vaccines were
approved. This was only made possible by decades
of existing research on RNA therapeutics.



• What is RNA?

• A brief history of RNA therapeutics

• Highlight their use to treat rare genetic diseases

You will learn that RNA drugs are being developed for 
just one person, n=1 therapy





Three types of RNA drugs

1. Target nucleic acid

2. Target protein

3. Make proteins
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1. Target nucleic acid (13 drugs approved since 1998, four for Duchenne muscular dystrophy)
2. Target protein (one drug approved since 2004)
3. Make proteins (two drugs approved since 2020)

RNA drugs are not new



Duchenne muscular dystrophy (DMD)
• Fatal X-linked neuromuscular disorder 

• Caused by mutations in the DMD gene resulting in a 
lack of dystrophin in skeletal muscles

• Patients progressively develop muscle weakness in the 
early years of life

• Boys lose ambulation by 10-12 years and typically die 
in their 20-40s

• 30% have learning difficulties

By Dr. Edwin P. Ewing, Jr. [Public domain], via Wikimedia Commons

Gowers WR. Clinical lecture on pseudohypertrophic muscular paralysis. Lancet 

1879;ii,73-5.



Antisense Oligonucleotides for DMD

Control Post-treatmentPre-treatment

Lancet: 378, 595–605 (2011)

Mutation specific approach for 13% of DMD patients







In 2016 FDA approved the first therapy for 

Duchenne muscular dystrophy (DMD)

EXONDYS 51™ (eteplirsen)

The 4th RNA therapeutic to be approved



“Has the Applicant provided substantial evidence from 
adequate and well controlled studies that Eteplirsen

induces production of dystrophin to a level that is 
reasonably likely to predict clinical benefit?”

Advisory committee voted 6-7 against





https://www.statnews.com/pharmalot/2016/05/24/senators-urge-fda-

approve-sarepta-drug-duchenne/ via @statnews 

1980s-era advocacy likened to AIDS/HIV crisis



Multi-institution collaborations

Compared, standardised and validated dystrophin quantification methods to reach a 
consensus FDA happy with

Presented to FDA and heavily cited in FDA review documents

Neurology. 2014 Nov 25; 83(22): 2062–2069.

Accelerated approval hinges on the accurate quantification of 

low levels of dystrophin 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4248450/


13%

~30% of DMD patients in total

8%
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Big Pharma 
experiencing 

portfolio 
shift towards 
rare diseases

1. Better opportunities for major breakthroughs

2. Clinical trials require fewer patients 

3. Access to patient advocacy groups

4. Progressive view of regulatory agencies

5. 80% gross profit margins versus 16% 

6. Higher likelihood of success, 26% versus 11%



Patients do not always have the same mutation, 
for some diseases this matters

Disease Do patients have the 
same mutation?

One antisense RNA drug 
can treat…

Spinal muscular atrophy No 90%

Duchenne No 2-13%

Others Yes/no One person!



Milasen: idea to injection in 10 months

https://www.milasmiracle.org/milasen

1. Genetic diagnosis
2. Drug design
3. Test in patient cell lines
4. Toxicity check in rats
5. Treat

https://www.milasmiracle.org/milasen


Eye and brain 
diseases provide 
opportunity

• Local treatment 

• Low treatment 
frequency 



Dutch Centre for RNA 
therapeutics

• Non-profit consortium

• “Academic Pharma”

• Develop tailor-made RNA 
therapy for patients with 
ultra rare genetic mutations 
focusing on eye and the 
central nervous system 

• Develop therapies in-house 
and deliver to patients at 
cost

• https://www.rnatherapy.nl/

Annemieke Aartsma-Rus, Willeke Roon-Mom, Rob Collin, Linda van der Graaf and Ype Elgersma

https://www.rnatherapy.nl/


Relevant work at UoN
• 1st characterisation of ultra rare DMD mutation(s)

Dr Chelsea Wood

Dystrophin

Gemma Dawson
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• A brief history of RNA therapeutics

• Highlight their use to treat rare genetic diseases

You will learn that RNA drugs are being developed for 
just one person, n=1 therapy
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