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 MiRNAs biogenesis process 

MicroRNAs (miRNAs) 

 
 

 miRNAs regulate mRNA: 
transcript degradation, 
translation blocking or 
post-transcriptional 
regulation 
 
 

 miRNAs are highly 
expressed in CNS and are 
required for neuronal 
differentiation and survival 
 
 

 A deregulation of miRNAs 
expression may be 
involved in aetiology or 
progression of 
neurodegenerative 
disorders, including ALS 
 
 
 

Rinchetti and Rizzuti, 2017 



miRNA and ALS 

 ALS-linked genes can 
affect miRNA 
biogenesis 
 
 

 TDP-43 and FUS 
have been found 
implicated in several 
steps of RNA 
metabolism, including 
miRNA processing 
 
 

 A deregulation of 
miRNA expression 
has been showed in 
human s/fALS 
biological samples 
and in murine models 
of ALS 
 

Role of miRNAs in motor neuron physiology and degeneration  

Rinchetti and Rizzuti, 2017 
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Which are the specific 
miRNAs implicated? 
Which are the events 

downstream? 



miRNA expression analysis 

1. Investigation of miRNAs dysregulation in ALS iPSCs and ALS iPSC-derived 
motor neurons compared with the control lines 

smallRNALS project  
ALS patient ALS iPSCs MNs 

SOD1G93A 

MNs-astrocytes co-culture 

2.  Modulation of identified miRNA targets evaluating MN protection from 
degeneration in ALS in vitro co-culture and in the SOD1G93A animal model 
 

Identification of targets 



iPSCs Number of lines 

WILD-TYPE 3 

C9ORF72 2 

TDP43 2 

SOD1 2 

iPSCs reprogramming 



ALS 

CTRL 

Embryoid Bodies (EBs) 
formation 

 Day  0                         7-0                                                                                              22                                                           40 
iPSC Medium 

+ Y27632 Neural Induction Medium  
Poliornithine/Laminine coating 

EBs dissociation Characterization 

Matrigel coating 
Neural Differentation Medium  

Maturation of spinal 
motor neurons 

Motor neurons (MNs) differentiation 

Obtained 
MNs express 

specific 
motoneuronal 

markers  

Ng et al., 2015 

SMI32 

SMI32 Hb9 βIII-tub 



miRNAs expression analysis 
Human 

fibroblasts 

 iPSCs MNs 

o wild-type iPSCs 
o ALS iPSCs 
o wild-type MNs 
o ALS MNs 

Human Array MicroRNA Cards 

miRNAs isolation 



Taqman array miRNA cards 

 754 unique 
assays specific to 
human miRNAs 
 
 

 Card A focuses on 
the most highly 
characterized 
miRNAs 
 
 

 Card B contains 
the most recently 
discovered 
miRNAs 
 

TaqMan® Array Human MicroRNA Card A v2 

TaqMan® Array Human MicroRNA Card B v3 

Laura Dioni 



miRNA cards on iPSCs 



miRNA cards on iPSCs 

Data analysis encloses ALS subjects in 
a unique biological group versus 
controls  



miRNA cards on iPSCs 

Data analysis encloses ALS subjects in 
a unique biological group versus 
controls  

miRNA Fold Change P value Expression 
hsa-miR-1233-002768 0,583 0,003 Downregulated 
hsa-miR-331-000545 2,171 0,012 Upregulated 

hsa-miR-1180-002847 3,196 0,013 Upregulated 
hsa-miR-128a-002216 3,398 0,014 Upregulated 
hsa-miR-659-001514 0,727 0,015 Downregulated 
hsa-miR-340-002258 2,536 0,017 Upregulated 
hsa-miR-206-000510 0,578 0,021 Downregulated 
hsa-miR-488-002357 4,477 0,022 Upregulated 
hsa-miR-186-002285 1,868 0,023 Upregulated 
hsa-miR-101-002253 2,063 0,024 Upregulated 
hsa-miR-103-000439 2,284 0,029 Upregulated 
hsa-miR-571-001613 0,550 0,031 Downregulated 
hsa-miR-138-002284 4,932 0,032 Upregulated 

hsa-miR-1225-3P-002766 0,557 0,035 Downregulated 
hsa-miR-432#-001027 0,553 0,038 Downregulated 
hsa-miR-1208-002880 1,332 0,042 Upregulated 
hsa-miR-301-000528 3,378 0,043 Upregulated 

hsa-miR-301b-002392 3,549 0,043 Upregulated 
hsa-miR-590-5p-001984 2,376 0,044 Upregulated 
hsa-miR-340#-002259 2,708 0,044 Upregulated 
hsa-miR-422a-002297 4,206 0,046 Upregulated 
hsa-miR-19a-000395 2,048 0,047 Upregulated 



miRNA cards on iPSCs 

Data analysis encloses ALS subjects in 
a unique biological group versus 
controls  

miRNA Fold Change P value Expression 
hsa-miR-1233-002768 0,583 0,003 Downregulated 
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hsa-miR-488-002357 4,477 0,022 Upregulated 
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hsa-miR-432#-001027 0,553 0,038 Downregulated 
hsa-miR-1208-002880 1,332 0,042 Upregulated 
hsa-miR-301-000528 3,378 0,043 Upregulated 
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hsa-miR-422a-002297 4,206 0,046 Upregulated 
hsa-miR-19a-000395 2,048 0,047 Upregulated 

List of the most significant deregulated miRNAs 



Vulcano plot 

miRNA cards on iPSC-derived MNs   

miRNA Fold Change P value Expression 

Let 7C 0.138 0.016 Downregulated 

List of the most significant deregulated miRNAs 



Extracellular vesicles (EVs) miRNAs 

 extracellular vesicles (EVs) are small membrane vesicles containing proteins, 
lipids and RNA species and can regulate intercellular communication  
 

 many cells in the nervous system release EVs 
 

 miRNAs are one of the EV cargos  

Robbins and Morelli, 2014 

Are EV-miRNAs 
implicated in ALS 

spread? 



EVs and miRNAs isolation 

EVs miRNAs isolation from: 
 
o iPSC culture medium 
 
o MN culture medium 
 

TaqMan® Array 
miRNA cards  
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miRNA cards on iPSC-EVs   

Vulcano plot  



miRNA cards on iPSC-EVs   

Vulcano plot  

miRNA Fold Change P value Expression 

hsa-miR-31#-002113 0,097 0,001 Downregulated 
hsa-miR-628-5p-002433 7,683 0,007 Upregulated 
hsa-miR-10b#-002315 21,518 0,014 Upregulated 
hsa-miR-19b-1#-002425 5,367 0,015 Upregulated 
hsa-miR-671-3p-002322 3,076 0,016 Upregulated 
hsa-miR-211-000514 4,019 0,016 Upregulated 
hsa-miR-331-000545 3,391 0,020 Upregulated 
hsa-miR-95-000433 2,850 0,030 Upregulated 
hsa-miR-103-000439 2,700 0,031 Upregulated 
hsa-miR-28-3p-002446 0,591 0,042 Downregulated 
hsa-miR-454-002323 3,010 0,044 Upregulated 
hsa-miR-196b-002215 7,044 0,045 Upregulated 
hsa-miR-485-3p-001277 8,222 0,050 Upregulated 



miRNA cards on iPSC-EVs   

Vulcano plot  

List of the most significant deregulated miRNAs 

miRNA Fold Change P value Expression 
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miRNA cards on MNs-EVs   

miRNA Fold Change P value Expression 

hsa-miR-629-002436 4,807 0,003 Upregulated 
hsa-miR-194-000493 2,587 0,010 Upregulated 
hsa-miR-625#-002432 0,401 0,023 Downregulated 
hsa-miR-192-000491 2,687 0,024 Upregulated 
hsa-miR-9-000583 0,329 0,027 Downregulated 
hsa-miR-1267-002885 0,318 0,046 Downregulated 

Vulcano plot 

List of the most significant deregulated miRNAs 



mirGate and mirtarbase database to screen for predicted 
genes targeted by identified miRNAs; 
 

Gene Ontology Enrichment analysis to identify biological 
processes affected; 
 

Reactome analysis to identify molecular pathways (and related 
genes) regulated by identified miRNAs. 

 
 
 
 

Bioinformatic analysis 

Giuseppe Filosa 
 



MiR-129-5p target gene HuD is downregulated in ALS 

3’   cguucgggucuggcGUUUUUc    5’ miR-129-5p 

5’    agaaaaacaaaaaaCAAAAAa   3’ ELAVL4/HuD 

CTRL fALS 

 Neuronal cell identity 

 Neuronal maturation 

 Neuronal survival 

Pathways regulated by HuD 
 

miR-129-5p is upregulated in ALS 
Spinal cord of SOD1G93A mice and PBMCs of sALS patients  

qPCR miR129-5p in MNs qPCR miR129-5p in iPSCs 

MiR-129-5p is upregulated in ALS-iPSCs and ALS-MNs Barabino Lab 



TARGET IDENTIFICATION 
 To complete the analysis with the last four MNs lines and to 

compare results among the different groups 
 

 To define miRNAs target genes and pathways by the 
bionformatical analysis  
 

Next steps 

TARGET MODULATION 
 To modulate targets in vitro on ALS iPSC-derived MNs to evaluate 

their potential therapeutic effect 
 

 To modulate targets in vivo by AAV9-mediated over-expression or 
by Morpholino-mediated silencing into the SOD1G93A mouse 
model to study their neuropathological or neuroprotective role 

Elucidate ALS pathogenesis and 
find therapeutic targets 
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