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In 2020, the first mRNA-based vaccies were
approved. This was only made possible by decades

of existing research on RNA therapeutics.
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* 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
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Three types of RNA drugs

1. Target nucleic acid

2. Target protein

3. Make proteins

PROTEIN
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RNA drugs are not new
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Target nucleic acid (13 drugs approved since 1998, four for Duchenne muscular dystrophy)
Target protein (one drug approved since 2004)
Make proteins (two drugs approved since 2020)



Duchenne muscular dystrophy (DMD)

e Fatal X-linked neuromuscular disorder
e Caused by mutations in the DMD gene resulting in a
lack of dystrophin in skeletal muscles
e Patients progressively develop muscle weakness in the
early years of life
e Boys lose ambulation by 10-12 years and typically die
in their 20-40s
e 30% have learning difficulties
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Antisense Oligonucleotides for DMD
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Mutation specific approach for 13% of DMD patients
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A clinical trial of a dr}lrxg cali)llelzglAVI-
4658 sho_wed it was possible to boost
dystg‘op levels by 18 per cent — and
at high doses about 80 per cent of
patients responded to treatment.

Scientists have claimed “signifi

) cant
breakthrough” in the fight against
Duchenne museular dystrophy, a pro-

gressive muscle-wasting. dise
ec t . . . . ase
affecting 1,500 boys in Britain. More trials will show if it prevents
muscle degeneration and deterioration,
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Anecdotes are great — if they convey data
accurately

Ben Goldacre

Channel 4 reported that a study in the Lancet showed a new drug had reduced the
symptoms of Duchenne's muscular dystrophy. Unfortunately, the study shows no

such thing



In 2016 FDA approved the first therapy for
Duchenne muscular dystrophy (DMD)
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“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?”

The Race To Yes @TheRacetoYes - Apr 2-
10 #Duchenne parents at the @US_FDA AdComm. #MakeDuchenneHistory
YES

RACE




To appease a patient lobby, did the
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ystrophy Drug, Despite FDA Approval
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Boys gripping their speeches in their hands,
waiting for their turn - what I'll remember most
#makeduchennehistory
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@ Parent Project MD ‘o3l Following

#MakeDuchenneHistory The UK parents speak
- we have traveled this far for .9% dystrophin.
This small amount matters

\\3900 injections. Not a single
case of adverse side effects. #eteplirsen

#MakeDuchenneHistory

™ The Race To Yes (0 [heRacetoYes - Apr 25

% "You should approve #eteplirsen.
@US_FDA please don't let me die early." -

https://www.statnews.com/pharmalot/2016/05/24/senators-urge-fda- Bil ly #MakeDuchenneHisto ry
approve-sarepta-drug-duchenne/ via @statnews




Accelerated approval hinges on the accurate quantification of
low levels of dystrophin

Neurology. 2014 Nov 25; 83(22): 2062—-20609.

Dystrophin quantfication

Biological and translational research implications

HUMAN GENE THERAPY METHODS 23:336-345 (October 2012)
@ Mary Ann Lisbart, Inc.
DOI: 10.108%hgtb 2012117
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in Duchenne Muscular Dystrophy Patients Treated
with the Antisense Oligomer Eteplirsen

Karen Anthony, Lucy Feng! Virginia Arechavala-Gomeza! Michela Guglieri® Volker Straub?
Katherine Bushby® Sebahattin Cirak! Jennifer Morgan! and Francesco Muntoni'

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


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4248450/
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~30% of DMD patients in total
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Patients do not always have the same mutation,
for some diseases this matters

Disease Do patients have the One antisense RNA drug
same mutation? can treat...
Spinal muscular atrophy No 90%

Duchenne No 2-13%

Others Yes/no One person!




Milasen: idea to

’
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https://www.milasmiracle.org/milasen
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Genetic diagnosis

Drug design

Test in patient cell lines
Toxicity check in rats
Treat

njection in 10 months

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT ‘

Patient-Customized Oligonucleotide Therapy
for a Rare Genetic Disease

J. Kim, C. Hu, C. Moufawad El Achkar, L.E. Black, J. Douville, A. Larson,
M.K. Pendergast, S.F. Goldkind, E.A. Lee, A. Kuniholm, A. Soucy, J. Vaze,
N.R. Belur, K. Fredriksen, |. Stojkovska, A. Tsytsykova, M. Armant, R.L. DiDonato,
J. Choi, L. Cornelissen, L.M. Pereira, E.F. Augustine, C.A. Genetti, K. Dies,

B. Barton, L. Williams, B.D. Goodlett, B.L. Riley, A. Pasternak, E.R. Berry,
K.A. Pflock, S. Chu, C. Reed, K. Tyndall, P.B. Agrawal, A.H. Beggs, P.E. Grant,
D.K. Urion, R.O. Snyder, S.E. Waisbren, A. Poduri, P.J. Park, A. Patterson, A. Biffi,
J.R. Mazzulli, O. Bodamer, C.B. Berde, and T.W. Yu

SUMMARY

Genome sequencing is often pivotal in the diagnosis of rare diseases, but many of
these conditions lack specific treatments. We describe how molecular diagnosis of
a rare, fatal neurodegenerative condition led to the rational design, testing, and
manufacture of milasen, a splice-modulating antisense oligonucleotide drug tai-
lored to a particular patient. Proof-of-concept experiments in cell lines from the
patient served as the basis for launching an “N-of-1” study of milasen within 1 year
after first contact with the patient. There were no serious adverse events, and treat-
ment was associated with objective reduction in seizures (determined by electro-
encephalography and parental reporting). This study offers a possible template for
the rapid development of patient-customized treatments. (Funded by Mila’s Miracle
Foundation and others.)


https://www.milasmiracle.org/milasen

Eye and brain
diseases provide
opportunity

* Local treatment

* Low treatment
frequency

Systemictreatment

VS.

local treatment
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Dutch Centre for RNA
therapeutics

o Dutch
Radboudumc Center for
o

* RNA

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

L@ ‘. DCRT

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/
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Relevant work at UoN

e 15t characterisation of ultra rare DMD mutation(s)
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* 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
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