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The rationale for unbiased genetic perturbations

• Therapy of neurodegeneration is held back by a dearth of actionable targets. 
• For prions, I see only PrP. 

• For AD, PD and ALS, I see ≤4 plausible targets each.

• For decades, neurodegeneration research has been hypothesis-driven. It's 
time to explore hypothesis-free approaches.

• Case in point: metabolic syndrome and alcohol addiction
• 50 years of hypothesis-based lifestyle interventions haven’t yielded much

• GLP-1 agonists came out of serendipity, and are having a huge impact

• How can we speed up serendipity?
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The prion life cycle



• Grafts develop prion 

disease

• Prnpo/o hosts stay healthy.

Brandner etc,
Nature  1996

Lateral ventricle

Graft

Corpus callosum

PrPC transduces prion toxicity!!!

PrP+

Prnpo/o



Selective vulnerability to prions of different cell types 

Some neurons 

Death

Most cell lines,
muscle, lymphoid 

tissue, etc.

Nothing

Tingting Liu
Jiang-An Yin

Maybe they lack 
some toxicity 
transducers?

Synthetic 
lethality



Programmable gene activation by CRISPR-a



CRISPR-activation synthetic-lethal screen for transducers of prion toxicity
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Tingting Liu
Jiang-An Yin



What is the primary cilium, and why is it there?



Validation in organotypic slice cultures (COCS)

Prion infection
8 wks

Normal 
morphology

Cerebellar granule cell 
degeneration



Inhibition of ciliogenesis rescues prion-induced neurodegeneration ex vivo

Mock infection Prions
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DAPI/NeuN

HPI-4: Hedgehog antagonist
inhibits ciliogenesis



Inhibition of ciliogenesis rescues prion-induced neurodegeneration ex vivo

Mock 
infection

Prion 
infection



Inhibition of ciliogenesis with Centrinone-B blocks prion toxicity
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DMSO SB258585
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SB258585 : HTR6 specific inhibitor.

NeuN

Cultured organotypic cerebellum slice (COCS) 

HTR6, serotonin receptor 6

Inhibition of HTR6 alleviates prion toxicity
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Centrinone-B: ciliogenesis inhibitor targeting PLK4;

Calb2: Granular cell marker;

Cerebellum slices (Tga20, Prnp over-expressed strain) at 55 days post culturing

Vinculin

NeuN

Calb2

PrPSc

(PK+)

PrPC/Sc

(PK-)

Inhibition of ciliogenesis targets prion-induced toxicity

but does not reduce PK-resistant prion protein in sectione



Next-generation arrayed libraries - why???

1. Pooled libraries are good for lethality screening, but inadequate for 

biochemical, morphological and non-autonomous phenotypes.

2. Single sgRNA efficacy is low, variable and unpredictable.

3. Most libraries disregard DNA polymorphisms among humans.



• 4 sgRNA/plasmid

• Lentiviral backbone 

• PiggyBac transposon elements

• Puromycin and blue-fluorescent protein markers

• Designed to be tolerant to the most common human 

genetic polymorphisms.

Arrayed libraries for indexed genome-wide CRISPRcut, CRISPRact and CRISPRoff screens



APPEAL does not require agarose colony picking



22’326 CRISPRa plasmids (T.gonfio)19’820 CRISPRo plasmids (T.spiezzo)

Jiang-An Yin et al.
Nature Biomedical Engineering, 2024



Yin et al, 2024, Nat. Biomed. Eng. 

High-throughput high-titer lentivirus production



4sgRNAs are better than 1 sgRNA
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GBA mutations are the most common genetic risk factor for PD 
development (independent of GD)

Incomplete penetrance: not all GBA mutation carriers develop PD 
(~10-30% by age 70) 

Glucocerebrosidase and Parkinson’s disease

Kathi Ging, Jiang-An Yin et al.
npj Parkinsons Dis. 10, 192 (2024) 

https://doi.org/10.1038/s41531-024-00819-7

→ Genetic modifiers most likely contribute to 
disease development and phenotype in GD and 
PD!



A genome-wide arrayed activation screen for GBA modifiers



Excellent separation between negative and positive controls



Genome wide modifiers of GCase
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Optical CRISPR screen for modifiers of α-Synuclein aggregation

Sandesh Neupane, Dalila Vena, Elena De Cecco
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Image Analysis Pipeline

Identification and quantification of cells positive for a-synuclein aggregates

1. Pixel classification and objects 
segmentation (nuclei and fibrils)

2. Secondary objects segmentation 
(cells)

3. Quantification of total cells
4. Quantification of cells that contain 

fibrils Athena Economides



Athena Economidou
https://github.com/aecon/AggreQuant
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Genome-wide screen

Dalila Vena, Elena De Cecco



Quality control: SSMD score



UPREGULATORS DOWNREGULATORS







Can we identify genes that modulate prion uptake?



INTERNALIZATION CHECK

Sorting and visual inspection of  sorted cells



Genome–wide screen - QC

Very good replicate correlation of  both prion negative and prion positive cells

Prion negative cells

Pearson corr. = 0.832

Prion positive cells

Pearson corr. = 0.954
Davide

Caredio



Genome-wide CRISPRa screen



AN UNEXPECTED CANDIDATE: BRS-3



Pathway analysis

BMP pathway identified in 

several databases



Tavakoli et al., 

2022

Bone Morphogenetic Protein Signalling Pathway



BMP pathway – identified hits



GENE SCORE FUNCTION

LRIG1 UP (38.7) EGFR regulator (inhibitor)

LRIG2 DOWN (38.7) EGFR regulator (activator)

LRIG3 UP (28) EGFR regulator (inhibitor)

Their partners: the LRIG brothers

LRIG-KO mice are deficient in BMP signalling

Phenotype is rescued by overexpression of  LRIG1 

and LRIG3, but not LRIG2



Whole Genome-Wide Arrayed CRISPRa Screen to identify genetic 
modulators of PrPC expression

Chiara Trevisan, Hao Wang

T.Gonfio arrayed library 
packaged in lentiviruses

U251-MG expressing 
dCas9-VPR grow in 

individual wells

Discard medium
Add lysis buffer

Add TR-FRET antibodies

Read TR-FRET



Selection of candidate genes: normalization by the median of the genes
 

Cut-off criteria:    p-value <0.05 Fold change: <0.5 or >2 (= log2FC < -1 or >1)

80 Upregulators 

451 Downregulators



Physical location of PrPC upregulators



TR-FRET to reproduce the results and exclude false positive
4 replicates per gene

Cut-off criteria:    p-value <0.05 Fold change: <0.5 or >2 (= log2FC < -1 or >1)



Transcriptional vs. post-transcriptional modifiers



Hit validation of PrPC upregulators by Western blotting



Hit validation of PrPC  downregulators by flow cytometry

No Stain Wild-type

PRNP LAPTM4B



Some of the strongest downregulators of surface PrPC are involved in lysosomal 
degradation

• LAPTM4B is a lysosomal protein that may mediate the transport of PrPC into lysosomes

• MAGI2 is involved in endocytosis and may perhaps mediate PrPC endocytosis

• Bafilomycin inhibits lysosomal function and suppresses the effect of LAPTM4B, MAGI2 
and ERICH1 activation



TFEB, a master regulator of lysosomal biogenesis and autophagy, 
showed up as a PrPC downregulator.



Several genes involved in ECM breakdown downregulate PrPC



RT-qPCR
3 technical replicates for each gene

Normalization to the housekeeping gene ACTB



When all you have is a 
CRISPR library…

….everything looks like a 
screenable phenotype

We are looking for partners! If you have an 
informative, screenable phenotype, 
and are willing to apply jointly for 
competitive funding, you know where I live.


