Discovery of microRNA genetic variations
in human ALS patients
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20 yrs. of human genetics in ALS research

Percentage ALS explained by genetic mutation

Familial 100%
’ VCP  C9ORF72
80 ‘ PFN1
i | |
8 60 TDP-43
/x')‘-,/ sSoOD1 FUS TUBA4A
(,\‘.'-’ 40 ‘
\Y
1 o/
&'J( 68 /0 20
A
2
\)\"_‘:}.\} 0 r T T T T T T T T T T 1
N/ 1992 '94 '96 98 '00 '02 '04 '06 '08 10 12 2014

Genetics of families h-erited dominant allele

Genome wid-iation studies
I Exom-encing I

e

Modified from Renton, Chid, Traynor, Nature Neuroscience 2014



MicroRNAs in ALS

e FUS andTDP-43 are mutated in ALS patients and linked to miRNA biogenesis
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MicroRNAs in ALS

e FUS andTDP-43 are mutated in ALS patients and linked to miRNA biogenesis

e Loss of miRNA activity in MNs provides a new in vivo model for MND

miRNA malfunction causes spinal motor
neuron disease
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MicroRNAs in ALS

FUS and TDP-43 are mutated in ALS patients and linked to miRNA biogenesis

Loss of miRNA activity in MNs provides a new in vivo model for MND

miRNAs are globally down-regulated in MNs of human ALS patients
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microRNAs Biogenesis

Pri-miRNA Pre-miRNA

Eitan C. & Hornstein E., Brain Res 2016



Hypothesis

ALS-associated genetic variations can be identified in genes encoding:

(i) miRNA genes

(i) Protein co-factors required for miRNA biogenesis

(ili) 3’UTRs of disease-associated targets
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Hypothesis

ALS-associated genetic variations can be identified in genes encoding:
(i) miRNA genes
(i) Protein co-factors required for miRNA biogenesis

(ili) 3’UTRs of disease-associated targets
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Workflow for Discovery of miRNA-

Related Genes Associated With ALS
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Workflow for Discovery of miRNA-

Related Genes Associated With ALS

. 4327 ALS & 1855 control
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Workflow for Discovery of miRNA-

Related Genes Associated With ALS

384 ALS & g6 control 4327 ALS & 1855 control
DNA samples WGS data
(UMASS med.) (Project MinE)
Targeted DNA capture Computational
& NGS In silico capture
Variant detection & Variant detection &
Computational analysis Computational analysis
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Finding ALS associated variations
in miRNAs or their targets




384 ALS & g6 control
DNA samples
(UMASS med.)

Workflow for Discovery of miRNA-

Related Genes Associated With ALS
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Variant detection &
Computational analysis

Gene- or region-based
aggregation analysis

3'UTR gain/loss of Variants in miRNA
miRNA binding sites genes




Bioinformatics Assay, Functional

Annotation & Statistical test

Gene- or region-based 3'UTR gain/loss of Variants in miRNA
aggregation analysis miRNA binding sites genes
DNA CGGATGTAGCGCTACATCAGT

CGGATGTAGTGCTACATCAGT
DNA CGGATGTAGCGCTACATCACT

With Mutations
CGAATGTAGCGCTACATCAGT
CGGATGTAGCGCTACATGAGT

Gene based
Aggregation CGAATATAGTGCTACATGACT



Bioinformatics Assay, Functional

Annotation & Statistical test

Gene- or region-based 3'UTR gain/loss of Variants in miRNA
aggregation analysis miRNA binding sites genes

CGGATGTAGCGCTACATCAGT




Bioinformatics Assay, Functional

Annotation & Statistical test

Gene- or region-based
aggregation analysis

3'UTR gain/loss of
miRNA binding sites

Variants in miRNA
genes
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Bioinformatics Assay, Functional

Annotation & Statistical test

Gene- or region-based 3'UTR gain/loss of Variants in miRNA
aggregation analysis miRNA binding sites genes
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Rare allele association on genes
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Preliminary Results

Variants in miIRNA genes

Variant Info Count
UMASS UK Netherlands USA Ireland Total
Variant Genomic | Nuc ,
in gene Position Alt Location | cases | ctrl |cases| ctrl |cases| ctrl |cases| ctrl |cases| ctrl |cases| ctrl
(341) | (96) |(1111)| (277) |(1794)|(1022)| (433) | (70) | (269) | (136) |(3948)((1601)
5:168195174 |G>A |pre-miR 1 2 1 1 1 5 1
5:168195173 |C>T |pre-miR 2 2
5:168195176 |G>A |pre-miR 1 1
miR-218(5:168195207 |C>T |pre-miR 1 1
5:168195257 | G>A |pre-miR 1 1
5:168195208 |G>T |pre-miR 1 1
Total 1 0] 3 (0] 4 1 2 0] 1 0]

gac\l/ --uc u E UL cu gouggaacga g
5' cag EC ECEE ECUUUCC  ESUECUUZEU  aaccaugu Ug a

- N N R RN RN A R RN AR N I RN [
miR-218 3' =0l CE UECC CgaaagE CECEAAaCcUg  UUgSuaca gC &

-ac cucu - a T:gc uc --------3g &



Motor Neuron Specific miR-218

microRNA | Biological Relevance Target Ref.

miR-218 Motor neuron specific mMiIRNA, SLC1A2 | Thiebes et al. 2015
essential for establishing MN fate. SLC6A1 | Aminetal. 2015
miR-218 loss causes systemic PTEN
neuromuscular failure.
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Preliminary Results

Loss of mIRNA binding site

Loss of binding sites for miRNAs
Variant Info
Total
: : Lossed
Variant Genomic Nuc MRNA il
L . cases| ctr
in 3UTR Position Alt :
Regulation |(3948)|(1601)
6:43490112 G>T mMiR-218-5p 1
XPOS 6:43490115-43490120 |TTAGAG>- | miR-218-5p 3
6:43490114 T>C miR—218—5i 1
Human XPO35 3' UTR
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ﬁﬁn?; #POT NM_020750 37 UTR length:1535
Conserved sites for niRNA fanilies broadly conserved among vertebrates
miR-34ac/34hc-5p,/449ahc,/449c-5p niR-124/124ah/506 miR-29abcd
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Preliminary Results

Loss of mIRNA binding site

Loss of binding sites for miRNAs

Variant Info
Total
: . Lossed
Variant Genomic Nuc RNA |
in 3'UTR Position Alt ml . Celiee |l
Regulation |(3948)|(1601)
6:43490112 G>T miR-218-5p 1
XPO5 6:43490115-43490120 |TTAGAG>- | miR-218-5p 3

6:43490114 T>C miR—218—5i 1

Compromised Pre-miRNA

nucleo-cytoplasmic :IMO

export of miRNAs
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Summary

o) miRNAs & their targets are known to play a role
miRNAS in neurodegeneration, including ALS.

in ALS

We explore variations in miRNA genes & target
genes, in collaboration with Project MinE.

Endpoints:
Discover new candidate ALS genes
Decipher miRNA roles in pathogenesis



Thank you for listening!!
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