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MicroRNAs (miRNAS)

MiRNAs biogenesis process
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MIRNA and ALS

Role of miRNAs in motor neuron physiology and degeneration
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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
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» 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



A smallRNALS project

AGENZIA DI RICERCA PER LA

ALS iPSCs MNSs MIRNA expression analysis

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

MNs-astrocytes co-culture

<
<

Astrocytes hiPSC-derived
1 Motor Neurons

SOD1G93A |dentification of targets

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



IPSCs reprogramming
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Motor neurons (MNs) differentiation

EBs dissociation Characterization
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Ng et al., 2015
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MIRNASs expression analysis
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Tagman array miRNA cards

TagMan® Array Human MicroRNA Card A v2

TagMan® Array Human MicroRNA Card B v3

754 unique
assays specific to
human miRNAs

Card A focuses on
the most highly
characterized
MiRNAs

Card B contains
the most recently
discovered
MiRNAs

Laura Dioni



MIRNA cards on IPSCs




MIRNA cards on IPSCs

Volcano Plot (P-Value vs Fold Change)
350
325
3.00
2.75
2.50
2.25
2.00

175

1.50 '
1%

1.00

-logio(P-Value)

075
0.50 .
025

0.00

-0.25

logz(Fold Change)

gend
{ Study: SLA 2017, IPS vs IPS CT, Fold Change Boundary: 2.0, P-Value Boundary: 0.05 ‘

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



MIRNA cards on IPSCs

Volcano Plot (P-Value vs Fold Change)
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MIRNA cards on IPSCs

Volcano Plot (P-Value vs Fold Change)
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MIRNA cards on IPSC-derived MNSs

Volcano Plot (P-Value vs Fold Change)
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Extracellular vesicles (EVs) miIRNAS

Robbins and Morelli, 2014
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» 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 Are EV-miRNAS

implicated in ALS

» mMIRNAs are one of the EV cargos spread?




EVs and miRNAS isolation
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MIRNA cards on IPSC-EVs

Volcano Plot (P-Value vs Fold Change)
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MIRNA cards on IPSC-EVs

Volcano Plot (P-Value vs Fold Change)
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Volcano Plot (P-Value vs Fold Change)

3.00 {
2751
2.50 1
2251 =
2.00 1
— [ ]
g 1754 ~ o
i‘? 1.50 { L
R ° s v 5
* 1.00 | I °s %o o *
' . e ® o
0754 .'?‘. .
0.50 1 r'y L °
0.25 4 .
000 : miRNA Fold Change P value Expression
-0.25 1, : : : : x x : : > , :
2. 09 8 76 5 4 3 2 40 1 2 heg-miR-31#-002113 0,097 0,001 Downregulated
legz(Fold Change)
hsa-miR-628-5p-002433 7,683 0,007 Upregulated
Legena hsa-miR-10b#-002315 21,518 0,014  Upregulated
" Study: SLA 2017, EX IPS vs EX IPS CT, Fold Change Boundary: 2.0, P-Value Boundary: 0.05 hsa—miR—19b—1#—002425 5367 0015 Upregulated
hsa-miR-671-3p-002322 3,076 0,016 Upregulated
Vulcano plot 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

List of the most significant deregulated miRNAs



Ls

-Iogm(P-\_/a\ue)

MIRNA cards on MNs-EVs

275

250

225

200

1.75

1.50

1.301
1.26

1.00

075

0.50

0.25

0.00

Volcano Plot (P-Value vs Fold Change)

log:z(Fold Change)

50 45 40 -35 -3.0 25 -20 -1..5 -11.0 05 00 05 11.0 15 20 25 30 3:5 40 45 50 55 60 65

[ Study: SLA 2017, EX MN vs EX MN CT, Fold Change Boundary: 2.0, P-Value Boundary: 0.05

Vulcano plot

miRNA

hsa-miR-629-002436
hsa-miR-194-000493
hsa-miR-625#-002432
hsa-miR-192-000491
hsa-miR-9-000583
hsa-miR-1267-002885

Fold Change

4,807
2,587
0,401
2,687
0,329
0,318

P value

0,003
0,010
0,023
0,024
0,027
0,046

Expression

Upregulated
Upregulated
Downregulated
Upregulated
Downregulated
Downregulated

List of the most significant deregulated miRNAs



Bioinformatic analysis

* mirGate and mirtarbase database to screen for predicted
genes targeted by identified mIRNAsS;

*» Gene Ontology Enrichment analysis to identify biological
processes affected,;

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

Giuseppe Filosa




MiR-129-5p is upregulated in ALS

Spinal cord of SOD1G93A mice and PBMCs of SALS patients
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Next steps

TARGET IDENTIFICATION

s 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

TARGET MODULATION

*» To modulate targets in vitro on ALS iIPSC-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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