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Huntington’s Disease

 Slowly progressive, hereditary brain disease that
is characterized by motor dysfunction and
cognitive decline

e Autosomal dominant disorder

e CAG repeats in the N-terminus of Huntingtin
(HTT) gene resulting in protein aggregations of
the mutant HTT
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. small, single-stranded, non-coding RNAs

. 21-24 nt long

. bind to mRNAs and induce degradation or translational inhibition

. miRNAs are important post-transcriptional regulators

. involved in multiple cellular processes important for neuronal function
. linked to neurodegenerative diseases




MIRNAs in HD
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A microRNA-based gene dysregulation pathway

in Huntington’s disease
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Expression of mHTT in mouse striatum results
In AGO2 accumulation
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Expression of mHTT in mouse striatum results
in AGO2 accumulation
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Expression of mHTT in mouse striatum results
in AGO2 accumulation

AGO2 IHC
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Accumulation of AGO2 results in more miRNAs...
but these are trapped in stress granules
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Accumulation of AGO2 results in more miRNAs...
but these are trapped Iin stress granules
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Results in a loss of miRNA-activity

L target mRNAs M target mRNA fold changes N GO terms of upregulated mRNAs
let-7 miR-128 1Al genes -log, (p value)
—— S oo 0 1 2 3 4 5 6 7
g . — let-7 targets 1 | \ | | | | |
S 08 — MiROtargets ™ nervous system development (GO:0007399) 16 a
© > ;::R7 1:“8Rta9rgaet§ neurological system process (GO:0050877)[___ |5 A
g iR-128 ta "‘ R mesoderm development (GO:0007498) [ 13 S
o 06 jtss rgets protein glycosylation (GO:0006486)[ ]9 H A
B synaptic transmission (GO:0007268) 15 ' A
o synaptic vesicle exocytosis (GO:0016079) ]8 | A
S 04 spermatogenesis (GO:0007283) 180 a
g muscle organ development (GO:0007517) 1112
(&) axon guidance mediated by Sli/Robo (P00008) A ]2
027 behavior (GO:0007610) : 13 A
axon guidance mediated by netrin (PO0009) ] 12
0 cell cycle (P00013) A ]2
- T T T T T T T r T T T T T T 1
miR-9 05 03 01 0 01 03 05 0 1 2 3 4 5 6 7
log 2(mH1T/thTI') Fold Enrichment

Pircs et al. Cell Reports, 2017




Conclusions

* These results suggest:

= changes in MiRNA levels are an early
feature of HD

= |ies downstream of alterations in
autophagy




Autophagy

 Autophagy is a highly conserved lysosomal degradation pathway

« Basal and selective autophagy have both been shown to be crucial
for neuronal functions
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Conclusions

These results provide further support for developing autophagy-
activating therapeutic approaches for HD

activation of autophagy will not only clear toxic protein
aggregates but also

» directly restore dysfunctional post-transcriptional gene
regulation.

But.... are these results relevant for Huntington “s disease?
|s autophagy actually impaired in HD?




Experimental systems to study Huntington’s
Disease

How do we test a drug before use
' in humans?

Can we predict success with todays
models?




Development of a new Huntington’s Disease
model

* Human origin

 Patient derived and disease specific neurons
 Short CAG-repeat length

 Maintain age

e Study many patients




Patient-derived induced neurons (iNs)
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Highly efficient one-step generation of iNs from patients with HD, PD, AD
using all-in-one novel vector system
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Highly efficient one-step generation of iNs from patients with HD
using all-in-one novel vector system

HD patients

Controls

Pircs et al. in revision, 2021,
BioRxiv preprint available at https://doi.org/10.1101/2021.03.01.433433




Highly efficient one-step generation of iNs from patients with HD
using all-in-one novel vector system

& From 50.000 fibroblast cells we get >10.000 neurons
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We have studied using iNs...

Line Age Sex CAG
repeats
Cl 27 M 17
C2 30 M 19-24
C3 52 F 19-23
C4 54 F 15-20
C5 61 F 17
C6 61 M 17-23
C7 66 M 24
C8 67 I8 n/a
C9 71 M n/a
C10 75 I 18
HD1 28 M 15-39
HD2 31 M 20-45
HD3 33 F 17-58
HD4 38 B 17-52
HDS5 43 M 17-42
HD6 43 M 19-44
HD7 47 M 40
HD8 49 F 18-47
HD9 53 M 19-42
HD10 59 M 16-39

Pircs et al. in revision, 2021,

BioRxiv preprint available at https://doi.org/10.1101/2021.03.01.433433
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High-content automated microscopy (HCA)

. Morphologically characterize cell lines after 28 days of conversion
. Methods: ICC

- neuronal markers (TAU, MAP2)
. Analysis: HCS

- Target activation:
— Measurement of fluorescent indicators on a cell-by-cell basis. We can define:

conversion efficiency and neuronal purity

- Neuronal profiling:
— Quantification of morphological characteristics in neuronal cells




HD cell lines readily convert into INs
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Transcriptome and proteome profiling of iNs

iN Protein and RNA
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HD-INs display alterations in proteins linked to
autophagy: cell type specific, only proteins!

Downregulated proteins involved in autophagy in HD-iNs (GO)
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Subcellular alterations in autophagy in HD-iNs
Verified ien postmortem HD striatal tissue
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Impaired autophagic flux in HD-IN:
probably due to retrograde transport failure
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Investigate the cellular mechanisms
underlying the autophagy impairments found
In HD-INs: 1. AGEING

Epigenetic age of iN lines
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2. mHTT Aggregates
No mHTT aggregation in these cells
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What is the direct role of HTT in the regulation
of autophagy in iNs? CRISPRi

« dCas9 fused to a transcriptional repressor, KRAB

* Silencing gene expression by interfering with transcription




What is the direct role of HTT in the regulation
of autophagy in iNs? CRISPRi

a b HTT qPCR
deadCas9
HTT mRNA

c c
2 9
@ A
o o
2 e
(0] (V)]
2 2
© kS
' [} [0
od 14 o

7 Y

HD patients :

and controls

Lv-{Conversion vector }-

Pircs et al. in revision, 2021,
BioRxiv preprint available at https://doi.org/10.1101/2021.03.01.433433




Silencing wtHTT (both healthy alleles) using
CRISPRI: loss of function
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Silencing WtHTT & mHTT using CRISPRI:
ratio and allele specificity is crucial
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HCA
Neuronal profiling
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HD-INs results in reduction Iin neurite
complexity
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The autophagy impairment is linked to the
reduced neurite complexity in HD-INs
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No rescue of disease-related phenotype HD
neurons
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Discontinued ROCHE-ASO trial

nature
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NEWS | 05 May 2021 | Clarification 06 May 2021

Failure of genetic therapies for
Huntington’s devastates
community

Hopes were high for drugs designed to lower levels of a mutant protein, but development
has stalled.

Roche has discontinued dosing in the
Phase 3 GENERATION HD1 trial

Intrathecal injections

“no go” based on tominersen’s potential
benefit/risk profile

Allele specific mHTT targeting could be
the key!



Summary

Novel HD-IN model

Posttranscriptional, cell type specific impairment in HD-iNs
(AMPK, autophagy)

Neurite specific autophagy impairement
No mHTT aggregation, AGE

We have developed a CRISPR-i system that efficiently silence
HTT in several cell culture models - including patient-derived
neurons

Gain of function/ loss of function!
Morphological differences in HD-iNs, linked to autophagy




IN-based model of HD

 [Ns are an excellent model to study late onset
neurodegenerative disease:

* retain the aging signature of the donor

e Allows for analysis of neurons obtained from many
patients

 Range of CAG repeats: 39 - 50 (one 58)
* Robust protocol

 Compatible with High-content screening
* Allows for drug screening




IN-based model allows for drug screening

. Compatible with High-content screening

. Allows for automated high throughput drug screening (96-well plates)

. Can we identify drugs that reverse disease related phenotypes?

. Does such drugs work better in humans than those identified in other model systems?
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