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Objectives

Identify the Targets

Failures and Successes

 Review the Process of Prion Disease
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PrPSc accumulation

Resident neuronal PrPC in brain is the 
substrate for conversion by PrPSc 

Prion Disease is aTwo-Step Process
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Amyloid Cascade Hypothesis Inside-Out Hypothesis
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Histopathology
Creutzfeldt-Jakob 
Disease (CJD) 
[sporadic/genetic/iatrogenic]

~60-70 Dementia, ataxia, 
myoclonus 4-6 mo. Spongiform 

Degeneration

Gerstmann-
Straussler-
Scheinker (GSS) 
[ONLY genetic]

~30-50s Ataxia onset, late 
dementia 3-7 yrs.

Multicentric PrP 
amyloid plaques w/
limited spongiform 

degeneration

Fatal Insomnia (FI) 
[sporadic/genetic]

~35-55
Insomnia, autonomic 
dysfunction (tachycardia, 
hypertension, lacrimation) 
then dementia and ataxia

1- 2 yr. Thalamic neuronal 
dropout and gliosis

Variant CJD (vCJD) 
[acquired]

~16-35
Psychiatric onset 
(depression, apathy), 
pain syndrome, then 
ataxia, dementia

~1 yr.
“Florid” (flower-like) 

PrP plaques 
surrounded by spongy 

degeneration

Variably Protease-
Sensitive 
Prionopathy 
(VPSPr) [sporadic]

~70s
Psychiatric symptoms, 
aphasia, dementia, 
frontal features, 
parkinsonism, ataxia

~2 yr. Plaque-like 
accumulations of PrP

Disease Age at 
Onset Features Course

 Major Prion Disease Subtypes
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Anle138b Delays Death In a Transmissible but not Genetic 
Model of Prion Disease 

797Acta Neuropathol (2013) 125:795–813 

1 3

Alexa-Fluor-647 (Invitrogen, Eugene) according to the 
manufacturer’s manual. Recombinant mouse PrP 23-231 
was labelled with Alexa-Fluor-488 (Invitrogen, Eugene) in 
20 mM potassium phosphate buffer, pH 6, 0.1 % Nonidet P40, 
40 mM sodium bicarbonate buffer, pH 8.3. Unbound fluoro-
phores were separated by gel filtration on PD10 columns (GE 
Healthcare, Freiburg, Germany) equilibrated with 20 mM 

potassium phosphate buffer, pH 6, 0.1 % Nonidet P40. PrPSc 
was prepared from brain of CJD patients according to Safar 
et al. [54] and aliquots of the final pellet resuspended in 1× 
PBS + 0.1 % sarcosyl solution were diluted 1:5 into buffer A 
(20 mM potassium phosphate buffer at pH 6.0, 0.1 % Nonidet 
P40) and sonicated in a water-bath sonicator for 60 s. After  
centrifugation at 1,000 rpm for 1 min the supernatant was 

Fig. 1  Summary of experimental strategy. In a first project phase, we 
tested a library of 10,000 chemically diverse drug-like compounds 
in regard to inhibition of prion protein aggregation in a molecular 
SIFT screening assay. Based on this data in combination with test-
ing of primary hits in a cellular anti-prion assay, we identified N-ben-
zylidene-benzohydrazide (NBB) derivatives as a new lead structure 
with anti-prion activity providing a proof of principle of the experi-
mental strategy. Notably, the same compounds also inhibit Poly-Q 
and α-syn aggregation both in vitro and in vivo. However, NBB’s 
contain a Schiff’s base like =N–NH–CO– structure that can result 
in rapid metabolism in vivo. In order to identify further lead struc-
tures with favourable medicinal chemical properties, we continued by 
screening of 10,000 additional compounds and performed a parallel 
analysis of all these 20,000 compounds in a microtiter plate based 
high-throughput anti-prion cell culture assay followed by structure–
activity and cluster analysis of the data obtained with these two inde-

pendent approaches (Suppl. Fig. 1). This analysis identified a cluster 
of highly active compounds belonging to the chemical compound 
class of 3,5-diphenyl-pyrazole (DPP) derivatives. A pilot experiment 
with one DPP compound from the initial screening library showed a 
significant effect on survival in prion-infected mice (Suppl. Fig. 2). 
Therefore, we synthesized a focused library of ~150 DPP-related 
compounds (Suppl. “Compound Synthesis”) for further testing in 
vitro, in cell culture, and in vivo in regard to therapeutic effects on 
prion and α-syn aggregation and disease progression in animal mod-
els. Based on results from the SIFT and cell culture anti-prion assays, 
38 compounds were selected for in vivo testing in prion-infected 
mice (Suppl. Fig. 3). In these experiments, the compound anle138b 
[3-(1,3-benzodioxol-5-yl)-5-(3-bromophenyl)-1H-pyrazole] showed 
the highest anti-prion activity. In addition, anle138b showed efficacy 
in in vitro and in vivo models for synucleinopathies such as PD

Diphenyl-pyrazole (DPP)
Oligomer Modulator

(Breaks-up aggregating proteins)
University of Munich

Transmissible Model Genetic Model 

Tested in  two models of prion disease

Onset Death
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We need to account 
for subtypes!



Propagation of Prions Requires A Specific Interaction 
Between PrPSc and PrPC

PrP amyloid

+

PrPSc PrPC Good - 
                Turned Bad

• How do PrPSc and PrPC interact to propagate?

• Can we identify sites of importance that could be 
targeted to slow or prevent disease?

(Good)(Bad)
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Interfering with Prion Propagation
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RML
Mouse prions

Tg(PrP+/-)Tg(PrPΔ112-119/PrP-/-)

No spontaneous 
disease

> 800 d (n = 20)

Tg(PrPΔ112-119)

318 + 2.0 days 
(n=10)

No disease 
> 600 d (n = 12)

Tg(PrP∆112-119) mice Appear Resistant to Prion Disease
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 More To Come!
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Enhancing Autophagy with Rapamycin Delays Onset of 
Prion Disease in Tg(GSS) mice

Modified from Ravikumar et al, JCS (2009). 
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 Average age of onset:
◦Vehicle:    ~ 134 d
◦10 mg/Kg: ~ 149 d  (10% delay, ** p<0.01)
◦20 mg/Kg: ~ 159 d (18% delay, ** p<0.01)

Rapamycin treatment -10 or 20 mg/kg i.p. M-W-F 
starting at 4 weeks

Onset Delayed

PrP Plaque Reduction

vehicle Rapa 10 Rapa 20Vehicle 10 mg/kg 20 mg/kg
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Targeting Genetic Prion Disease

WtPrP MutPrP
Design selective siRNA
Knock-down expression of only 
Mut-PrP
Prevent suppression of WtPrP

• Carriers can be identified early
• Therapy can be initiated long before disease development
• Prevent initiation of disease
• Autosomal dominant diseases - target only mutated allele

Allele-Specific 
RNA interference

Targeted sequences prepared 
and tested for efficiency

Advantages:

RNA Protein

Normal PrP

Mutated PrP



AAV9 Delivery of Allele-Specific shRNA-A116V

Stained brain section from a 36d old TgGSS mouse after tail vein-injection of 
AAV9-U6-PrPshRNA-A116V-CMV-GFP at 33d. GFP-tagged AAV9 is green and 
cell bodies are in blue (DAPI) 



AAVPHP.eB-GFP Delivery of Allele-Specific shRNA-A116V

Stained brain section of TgGSS mouse after retro-orbital sinus 
injection of AAVPHP.eB-U6-PrPshRNA-A116V-CMV-GFP at 3 weeks.

AND NOW WE WAIT……….

~40-50% 
reduction

CTL TX

of mutPrP



Final Thought

• There are many options and possibilities to change the 
course of prion disease…!

• I’m confident it will get done
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