
Combination Therapies for Human 

Prion Disease



Human Prion Disease

• Always FATAL

• Signs:

• Ataxia

• Cortical visual symptoms 
(Heidenhain)

• Progressive dementia

• Myoclonus

• Akinetic mutism

• Average time to death in most 
common strain:

4 months



2. Accumulation

3. Spread

1. Conversion



Cell death

• Spongiform change

• Neuronal loss

• Astrocytosis

• Accumulation of PrPres

(strain dependent)
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Strains…

Strain A Strain B

Conformational drug resistance:
• Prevent conversion to one shape, prions adapt…

• Block strain A, strain B unaffected…



Overcoming Treatment Challenges

• Rare (1-2 / million / year)

• Rapid progression (delayed treatment)

• Conformational drug resistance

• Strain-specific effects

• Poor translation from animal to human

• Blood brain barrier (affects whether drugs 

get into the brain)

Combination 

therapy

Humanized slice 

culture model



Combined treatment: 3Cs

X

Clearance

(autophagy)

Conversion Cell death

(apoptosis)

X



Conversion

X

X
X

• Target several distinct initiator sites on PrPC

(involved in early misfolding steps)

• Block conversion into several conformations

XXXXX



Combining conversion inhibitors

• FDA-approved, human-safe

• Anti-prion effect

• Distinct PrPC binding sites:

– Promazine / chlorpromazine

– Quinacrine

– Doxycycline

M. James, L. Spyracopoulos

promazine



Prelim data: combination effects

Passage # 0 1 2 3 4 5

Untreated

Quinacrine 0.5 µM

Chlorpromazine 3 µM

Chlorpromazine 3 µM

PLUS Quinacrine 0.5 µM
25kD-

25kD-

25kD-

25kD-



Clearance?

Clearance

(autophagy)



AR-12; induce autophagy

Prelim data: AR-12 clears PrPSc in ScN2a cells



Cell death?

• Requirements for study:

– A model of cell death

– Candidate drugs



The Model: Prion organotypic 

slice culture assay (POSCA)

Falsig et al. Nat. Neurosci. 2008

• Adaptable to mice expressing human PrPC

• Infectable with different strains of prions

• PrPSc replicates faster than in vivo

• Reproduces pathology as seen in vivo

• No blood brain barrier



Uninfected

Day 35 Day 42 Day 49

Infected



Campeau et al, PLoS ONE, 2013



Campeau et al, PLoS ONE, 2013



The drugs: Bile acids

Cholesterol

Ursocholic acid

Ursodeoxycholic acid
(UDCA)

Dehydroxylation in gut

Tauroursodeoxycholic acid
(TUDCA)

Conjugation in liver



Bile acids as therapy

• Upstream effects: 

– Help prevent proteins from misfolding

• Downstream effects: 

– Inhibit apoptosis







Advantages of bile acids

• UDCA approved for treatment of primary 

biliary cirrhosis, sclerosing cholangitis

• Can be safely administered to humans

• Reaches high levels in CSF (human ALS 

patients)

• Water soluble

• Minimal toxicity

• Crosses the blood-brain barrier



Day 35 Day 42 Day 49

Cortez et al, J Virology, 2015

RML infected, untreated

500 µM TUDCA, treatment starting day 14



Day 35 Day 42 Day 49

Cortez et al, J Virology, 2015100 µM UDCA, treatment starting day 14

RML infected, untreated



n=5
p=0.0462

In vivo translation

• Works in male mice if given early (day 35)

• No effect given late in disease (day 100)



Our approach:

X

AR-12

Quinacrine

+

Chlorpromazine
T/UDCA

X

Clearance

(autophagy)

Humanized
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Overview:
We use a brain slice culture model, or “prion disease in a dish”, which is ideal for 

studying how the stages of disease develop and for testing different types of treatments. 

We are targeting three different stages (the three “C’s”) of disease in order to find a cure:

a) Conversion. During disease, prion proteins change shape and then cause other prion 

proteins to change shape. Blocking this shape-changing process (called conversion) is 

one target for drugs. We are testing more than one conversion inhibitor at a time 

because we know that if we only prevent conversion into one shape, the prion protein is 

able to adapt and convert into a different shape. This is similar to the idea of 

antimicrobial resistance in bacteria. This shape or conformation resistance in prions 

could be one reason that treatments have failed to date.

b) Clearance. There are cell processes that try to get rid of the misshaped prion proteins 

as they form. Improving this clearance process is another way to treat disease.

c) Cell death. As misshapen prion proteins build up in the brain, they trigger brain cell 

death. Using drugs that help cells resist cell death is a third way to slow down the 

disease.

I believe it is only by targeting all three targets that we will be successful in treating prion 

disease. Currently we are testing compounds that are already safe in humans, so that 

we can quickly translate our findings to human use.


