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Genome browser: human TP53 gene
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• Pediatric neuromuscular disorder, autosomal recessive

• Degeneration of α-motor neurons in the spinal cord and lower brainstem

• 1 in ~10,000 newborns

• Inactivating mutations in SMN1, which codes for SMN protein

‒ SMN functions in snRNP assembly and axonal mRNA transport

• SMN2 paralog (unique to humans) expresses a small amount of functional protein

• Variable severity (type 1-4) inversely proportional to SMN2 copy number

Spinal Muscular Atrophy



Type 1 infantile-onset Type 3 later-onset

Broad spectrum of SMA disease severity
correlates with SMN2 gene copy number

• Age of symptom onset >6 
months

• Close to normal life 
expectancy

• Ability to walk declines 
over time

• Muscle weakness/skeletal 
deformities

• Most have 3-4 copies of 
SMN2

aFinkel et al (2014) Neurology 83: 810

Type 2 later-onset
• Age of symptom onset >6 

months

• Shortened life expectancy

• Able to sit or stand, but not 
walk

• Muscle weakness/skeletal 
deformities

• Most have 3 copies of 
SMN2

• Age of symptom onset ≤6 
months

• Very short life expectancy

• Median event-free survival 
is 10.5 monthsa

• Never able to sit 

• Most have 2 copies of 
SMN2



Survival of motor neuron 2 (SMN2) gene makes both 
normal SMN and defective SMNΔ7 proteins

K-rich

Functional SMN protein (10%)

Defective SMNΔ7 protein (90%)
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18mer ASO; MW 7127

Hua, Vickers, Okunola, Bennett & Krainer (2008) American Journal of Human Genetics 82: 834
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Targeting spinal-cord motor neurons via lumbar puncture

www.uofaweb.ualberta.ca www.glittra.com/yvonne/neuropics.html

www.mdguidelines.com/lumbar-puncture

Long half-life of nusinersen in the CNS
Loading doses: 12 mg @ 2 weeks x 4
Maintenance doses: 12 mg @ 4 months



Type 1 SMA patient, phase-2 clinical trial



Type 1 SMA patient, phase-2 clinical trial



Type 1 SMA patient, phase-2 clinical trial
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• First and currently only approved drug for SMA

• First approved drug that corrects defective RNA splicing

• First approved nucleic-acid therapeutic for a neurological disease

• First disease-modifying drug for neurodegeneration

• First drug to demonstrate that pre-symptomatic treatment can markedly 
delay or prevent the onset of a neurodegenerative disease; SMA is being 
added to newborn-screening panel

• Currently >6,600 SMA patients on nusinersen worldwide

Nusinersen firsts
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E7107

• Genome-wide annotation of mRNA/protein isoforms
‒ Structure, function, where and when they are made, relative amounts

• Improved understanding and prediction of how specific mutations affect splicing

• New targeted antisense and small-molecule therapeutics that modulate splicing
‒ Restore correct splicing disrupted by mutations
‒ Change alternative splicing 

• Continued improvements in antisense-drug delivery
‒ Efficient and specific targeting to brain, spinal cord, liver, muscles, lung, blood cells, tumor cells, etc.
‒ Delivery to amniotic fluid or umbilical cord for prenatal treatment of developmental disorders

• Small molecules
‒ Insights into mechanism of action
‒ Improved specificity
‒ Structure-based design
‒ Splicing inhibitors

Anticipated developments in the next decade

H3B-8800



• Spinal muscular atrophy: Change alternative splicing of a backup gene (SMN2) to restore levels of 
functional protein (nusinersen, risdiplam, branaplam)

• Duchenne’s muscular dystrophy: Alter normal splicing of a mutant gene (DMD) to turn a severe 
disease into a milder one (eteplirsen, drisapersen)

• Familial dysautonomia: Restore correct splicing due to a mutation in the IKBKAP gene

• Alzheimer’s disease: Alter splicing of APP gene to reduce production of amyloid peptides that 
accumulate in senile plaques

• Dravet syndrome: Change alternative splicing of SCN1A gene to restore levels of functional protein 
(STK-001)

• Cancer: Change alternative splicing of relevant genes to harm tumor cells but not normal cells; 
some tumor cells are more sensitive to general splicing inhibition (H3B-8800, E7107)

• Many other disease targets (β-thalassemia, Usher syndrome, Hutchinson-Gilford progeria, 
frontotemporal dementia, ISCU myopathy, ataxia telangiectasia, cystic fibrosis, erythropoietic
protoporphyria, Leber congenital amaurosis, multiple sclerosis, etc.) 

Diseases targetable by splicing modulators
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