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- Neurodegenerative disorder 
 

- Degeneration of motorneurons => muscle 
weakness/paralysis 
 

- Changes in gene expression in both fALS and sALS  
 

- Most genes identified : proteins with functions relevant to 
RNA and/or protein metabolism (transcription, splicing, 
transport, aggregation…) 
 

- Aberrant expression of microRNAs in ALS  
 

 
 

ALS : state of the art 

 
⇒Evaluate the role of RNA dysregulation in ALS 

 



- Most reliable biomarker for ALS diagnosis & disease severity 
(Gaiani et al., 2017) 

 
- High neurofilament (NF) content in motorneurons (MN) for 

differenciation, perikaria, dendrites and axons bulk and 
physical strength ; ALS vulnerability  
 

- Neurofilaments disrupted (organization, subunit expression, 
RNA regulation) in multiple forms of ALS ; neurofilamentous 
inclusions 
 

- NF assembly requires NEFL  
 

- TDP43 interacts with the 3’UTR of Nefl mRNA (Strong et al., 2007) 
 

NEFL : Neurofilament, light polypeptide 

 
⇒Nefl, a disease relevant target 

 

NF-L (EnCor Biothechnology Inc.) 



Developing zebrafish models 

⇒ Inhibition :  
⇒ Antisense morpholinos 
⇒ Specific inhibitors 
⇒ Mutant lines (chemical mutagenesis, CRISPR/Cas9) 

 
 
⇒ Overexpression : 

Injection at 1-cell stage  - mRNA 
   - miR/pre-miR 
   - construct (promoter, reporter) 

⇒ Assess phenotype : 
⇒ Behavior 
⇒ Fluorescent constructs ; genetic tools 
(transient expression and/or stable transgenic lines) 
⇒ In situ hybridization / immunostaining 
⇒ qPCR, WB 
 
 

 

Analyze phenotype of interest  



Nefl in zebrafish : identification 

3hpf 
 

6hpf 
 

24hpf 
 

48hpf 
 

72hpf 
 

96hpf 
 

Neflb 

⇒ Two previously uncharacterized Nefl isoforms identified in zebrafish 
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Nefla 
⇒ Stages of expression  

⇒ Identification of splice variants : 
Neflb3E and Neflb4E 

⇒ Consistent with an expression in the 
nervous system 



Nefl in zebrafish : role 

Non 
injected 

NeflbSV  
Mo 

0,9mM 
St Ctrol 
0,9mM 

NeflbSV 
Mo 

0,3mM 

NeflbSV 
Mo 

0,6mM 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Uninjected St Ctrol 0,9mM Neflb Mo 0,3mMNeflb Mo 0,6mMNeflb Mo 0,9mM

Global morphology 48hpf 

Normal 

Motor 

Dvt 
defect 

Dead 

169 125 125 119 116 

⇒ Splice antisense oligo-morpholino  

⇒ Disruption of the Neflb3E/Neflb4E 
balance  

⇒ Motor phenotype 

⇒ Knock down : antisense oligo-morpholino 
 

Neflb3e 

Neflb4e 

I3e4 splice amo 
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Nefl in zebrafish : role 

⇒ Assess motor phenotype : Touch evoked escape response (TEER) 
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⇒ Response to the stimulus 

⇒ Similar response duration 

⇒ Specific motor phenotype 



Uninjected St Ctrol Mo 0.2mM Neflb Mo 0.2mM 

In vivo Acridine Orange (cell death) 
 

Nefl in zebrafish : role 
⇒ Assess neuronal phenotype : CNS development 
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⇒ No toxicity 

⇒ No developmental abnormalities 

⇒ No neuronal death 

 

 



In vivo Hb9:GFP (motorneurons) 
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Nefl in zebrafish : role 
⇒ Assess neuronal phenotype : motor neurons development 

⇒ Irregular, shorter 

⇒ Branching abnormalities 

⇒ Motor axons are strongly affected in 
NeflbSV morphants 

 



In vivo Hb9:GFP (motorneurons) 24 => 31hpf 
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Nefl in zebrafish : role 

⇒ Signaling ok 

⇒ Mechanical defect : 
(de)polymerization? Stability? 

⇒ Motor axons are strongly affected 
in NeflbSV morphants 
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⇒ Homogenous repartition 
 
⇒ Normal assembly? 

Polymerization? 

⇒ Heterogenous repartition 
 
⇒ Abnormal assembly? 

Aggregates?  

pCS2-SP6:EGFP-
Neflb4E (WT) 

pCS2-SP6:EGFP-
Neflb3E (pathologic?) 

(muscle fibers) (muscle fibers) 

Nefl in zebrafish : role 
⇒ Assess molecular phenotype :  
tag Neflb4E (WT?) and Neflb3E (pathologic?) with eGFP 



⇒Nefl exists in Zebrafish 
 

⇒Two paralogues Nefla and Neflb (2 splice variants) 
 

⇒Expression correlates with the nervous system formation 
 

⇒Disrupting the Neflb3E/Neflb4E balance results in a specific motor phenotype  
without CNS damage 

 
⇒Motor neurons are strongly affected (shape, length, dynamics) in Neflb morphants 

 
⇒Neflb3E splice variants encodes for a protein that aggregates 

 
 

Nefl in zebrafish : role 
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⇒ KD of known ALS- associated genes 
⇒ Characterize phenotype 
⇒ Implication of Nefl : quantification? Rescue? 
 

Nefl in zebrafish : role 
⇒ Characterize Nefl in zebrafish ALS models 

TDP43 Ab 
Tub Ab 



Nefl in zebrafish : role 
⇒ Characterize Nefl in zebrafish ALS models 

St Ctrol Mo 
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In vivo Hb9:GFP (motorneurons) 
 

Nefl 68 Ab 

GAPDH Ab 

⇒ KD of known ALS- associated genes 
⇒ Characterize phenotype 
⇒ Implication of Nefl : quantification? Rescue? 
 



Conclusion/Perspectives 

⇒ Nefl characterization 

⇒ Nefl implication in ALS models 

⇒ Nefl implication in ALS 

⇒ Stable mutant lines (Sanger, CRISPR/Cas9) 
⇒Visualize Nefl (RNA base-scope, dCas9) 
⇒Pursue NF assembly phenotype (SW13 cells) 

 
 

⇒Characterize Nefl defects in ALS models 
⇒Rescue with Neflb3E? With Neflb4E? 

 
 
 

⇒Detect and quantify isoforms in patient tissues/CSF 
⇒ Link to identified actors 
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Nefla PCR Primers Splice AMO (3)  
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⇒ Compensation by Neflb? 
 



Assess phenotype 

Control 

Neflb 
AUG Mo 

In vivo Acridine Orange staining @48hpf 
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Kabashi lab 

⇒ CNS damage, not MN specific 
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injected 



Zebrafish Neflb 

NEFLB-001 

NEFLB-201 

Human NEFL 

NEFL-001 

NEFL-201 

=> Physiological and pathologic forms of Neflb? 



Anticorps 



Protein structure 

* 

⇒ Polymerization 
⇒ Interaction with neuronal components 
⇒ Axonal lenght, strenght?  

 
⇒ Proteolytic resistance, stability 
⇒ Protein degradation, autophagy? 



Nefl in zebrafish : role 
⇒ Characterize Nefl in zebrafish ALS models 

St Ctrol Mo 
0.6mM 

TDP43 Mo 
0.6mM 

In vivo Hb9:GFP (motorneurons) 
 

⇒ KD of known ALS- associated genes 
⇒ Characterize phenotype 
⇒ Implication of Nefl : quantification? Rescue? 
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