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• SMN protein localisation 
 

• Role of SMN protein 
 
 

• Translational research  
 - increasing SMN protein levels 
 - Dealing with secondary consequences 
 
 
 

Topic discussed 



SMN protein 
 

• Ubiquitously expressed protein that localizes to both 
the cytoplasm and the nucleus where it accumulates in 
structures known as Gems 
 

• Gems: nuclear domains implicated in the assembly and 
modification of RNPs   SMN involvement in RNA 
regulation 
 

• Also found in association with cytoskeletal elements in 
spinal dendrites and axons 



SMN plays multiple key roles in the post-
transcriptional regulation of gene expression 

• Involved in:  
 
A. assembly of snRNPs spliceosomes 
 
B. unique 3’ end processing of replication 
dependent histone mRNAs 
 
C. axonal transport and local translation of 
mRNAs at the distal end of developing 
neurons 
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What determines the motor neuron pathology? 

Neuronal 
circuitries and 

glial cells 

Other 
peripheral 
mechanisms 

- Motor neuron death  cell autonomous event 
- Motor neuron SMN replacement necessary in  

   SMN protein upregulation therapies 
 

- SMN deficiency elsewhere might contribute to  
   motor neuron pathology, but the extent of 
   this is not clear in the human 



Loss of 
motorneurons 

Mutation of SMN1  Replacement of SMN1 
 

Alternative splicing of 
SMN2 Inclusion of exon 7 

Neuroprotection 
 
 
Muscle trophism 
 

 Viral Gene therapy 
 

Antisense oligomers 
 

Pharmacological  
splicing modification 

 

Neuroprotective factors 
 
 

Therapeutic targets for SMA  

Muscle weakness Muscle trophic factors 



There are 2 commonly used human SMN2 
transgenic SMA mouse models 
 
 
- SMN2+/+; SMNΔ7; Smn−/−,  referred to as SMNΔ7 SMA mice (Le et al, HMG 2005) 
- (SMN2)2 +/−; Smn−/−, referred to as SMN2 mice or Taiwanese SMA mice (Hsieh-Li et 
    al, Nature, 2000) 
 
Both models have a short lifespan of ~ 15 or 10 days.  
 
Very helpful for the preclinical developments 
 
Narrow therapeutic window, with maximal benefit  
when treatment administered  pre-symptomatically 



 
 
a. Alter SMN2 splicing 
 
b. Replace SMN1 
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Small molecules 

Antisense oligonucleotides 

Viral gene therapy 

Increasing SMN protein levels 



Antisense oligomers for splice switching 

• Different backbone chemistries 
• The one in current clinical trials is 2’O(2-methoxyethyl) modified 

AO drug designed to target an hnRNP-A1/A2–dependent splicing 
silencer, ISS-N1 

• AOs do not cross the blood brain barrier 
• Need to be administered via repeated lumbar punctures in SMA 

patients 
• Long half life once in the CNS (> 6 months) 

 



 

Ionis/ Biogen sponsored clinical trials 



Small molecules to modify splicing of SMN2 

Roche sponsored clinical trial 



Small molecules to modify splicing 
 of SMN2 

Novartis sponsored clinical trial 



Gene therapy: 
scAAV9 improves survival in SMA mice 

scAAV9, self-complementary  adeno-associated virus serotype 9. 



AAV9 for SMA gene therapy 

Jerry Mendell (Columbus, Ohio) is pursuing AAV gene therapy  
in infants with SMA I 
 
Single IV injection 
 
Two doses used: 
A. Cohort 1:  6.7x1013 vg/kg 
B. Cohort 2:  2.0x1014vg/kg 

 
 

 
 

2 SMN2 
copy 

numbers 

Avexis sponsored clinical trial 



Dealing with secondary consequences of SMN deficiency: 
mitochondrial dysfunction 

Cholesterol-oximes  survival-promoting activity on motor neurons deprived of neurotrophic factors.  
 
Prevents permeability transition pore opening mediated by oxidative stress 
 

Randomized, double-blind, placebo-controlled, Phase 2 study was performed on 165 patients aged 
3–25 years with Type 2 or non-ambulatory Type 3 SMA 
 
Additional studies underway 

Roche sponsored clinical trial 



Tirasemtiv : specific fast skeletal muscle  
troponin activator  
Sensitizes the sarcomere to calcium 
Increased muscle force in situ in response to submaximal 
rates of nerve stimulation 

2016 Annual SMA Conference. Orlando, FL, June 2016.  

Clinical trial 
A Phase 2, Double-Blind, Randomized, Placebo-Controlled, Multiple Dose Study of CK-2127107 in 
Two Ascending Dose Cohorts of Patients With Spinal Muscular Atrophy (SMA), currently 
recruiting 

Cytokinetic sponsored clinical trial 



Conclusion 
• Different therapeutic strategies focus on increasing SMN 

protein levels 
 

• Multiple studies on infants with type I SMA (and 2 SMN2 
copy number) underway 
 

• Uncharacteristic functional improvement and acquisition of 
novel gross milestones such as sitting, standing and, in some 
patients, taking a few steps, reported.  
 

• This might suggest that there is a window for therapeutic 
response  also for SMA I infants 
 

• Studies focused on different downstream targets underway 
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