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My Background and Interests of The Encalada
Laboratory at Scripps Research

Sandra’s Academic Journey
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» Earlham College (Indiana): BA Physics

« University of Florida: MS Population Genetics % orippsResearch

« University of Oregon: PhD Molecular Genetics orris . e,
/ Neuroscience !

« UCSD: Postdoctoral studies } ! Center

 Scripps Research: Assistant Professor
Associate Professor

Encalada Lab 2022

The Encalada lab studies mechanisms of neurodegeneration by building models of Alzheimer’s and
prion diseases by focusing on cell biological studies inside neurons that inform us on the development
of therapies to treat these fatal disorders
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OUTLINE

* Intro to Aging/Neurodegeneration Connection: some stats

* Alzheimer’s Disease (AD) and Prion Diseases

* Prion Disease: inside neurons
«+ Active transport of proteins inside neurons
¢ Prion protein aggregates form inside fluid-filled sacks
called endosomes

* Towards therapies to ameliorate prion disease toxicity e I
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* Intro to Aging/Neurodegeneration Connection: some stats

Robert Heller
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Six Generations of Daughters — From Baby to 111-Year-Old
Great, Great, Great Grandmother

https://abcnews.go.com/blogs/headlines/2012/05/six-generations-of-daughters-from-baby-to-111-year-
old-great-great-great-grandmother
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Life Expectancy Has Increased in the Last 200 Years
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Global Population > 65 Years Old in 2000

Percentage aged 65 or over
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Global Population > 65 Years Old in 2020
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Global Population > 65 Years Old in 2050

Percentage aged 65 or over
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Age is the Biggest Single Risk Factor for Developing
Dementias and other Neurodegenerative Disorders

400 -
Men
§ o . 5
& 2 3004
3 - §_ 8 12
£ 300 % 200 gglg: :Ii:g:le
Men § Women ;‘;{
2004 <c 6
E & 100 4 2g
io : 18
(7] 2+ YW
o ~
Yy ———y—) 0 G Qloombeszzb="l | | | I
65-69 70-74 75-79 30-34 85-39 90-94 295 0 20 40 60 80 100 = 18-24 25-34 35-44 45-54 55-64 65-74 75-84 85+
Age tm Aae in vears Aae vears)
. ’ . - ’ .
Alzheimer s Disease Parkinson s Disease ALS

https://www.ibiology.org/neuroscience/neurodegenerative-disease/
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Dementias are a HUGE and Growing
Global Epidemic

Dementia Worldwise & USA

m Worldwide =New Cases =USA

135,500,000

2015 2030 2050

https://braintest.com/dementia-stats-u-s-worldwide/
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FACTS:

» Someone in the world develops dementia
every 3 seconds.

* Prevalence: ~ 50 million people living
with dementias worldwide.

* Yearly: 10 million new cases of
dementia.

* Economic Impact: total estimated
worldwide cost by 2018 > US$ trillion.

World Health Organization, September 2019

https://www.who.int/news-room/fact-sheets/detail/dementia



https://www.who.int/news-room/fact-sheets/detail/dementia
https://braintest.com/dementia-stats-u-s-worldwide/

OUTLINE

* Alzheimer’s Disease (AD) and Prion Diseases

Robert Heller
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Neuronal Degeneration and Cell Death are Hallmarks of
Neurodegenerative Disorders

Brain degeneration

Disease
heathy Zdv.anced AD
brain ' y‘ rain
_— ; \ Parkinson’s
~ one hundred billion ¥»  Disease

neurons

Lou Gehrig’s

http://www.alz.org/braintour/healthy_vs_alzheimers.asp Dlsease

Stephen Hawking
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Risk Factors of Dementia

NAFLD
. Th t
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Nordestgaard et al Int. J. Mol. Sci. 2022
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Misfolded Proteins Form Aggregates Inside Neurons
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Misfolded Proteins Form Aggregates Inside Neurons
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Protein Aggregate Inclusions in Axons are Common in

Neurodegeneration
Alzheimer’s  Huntington’s  prion disease ~ Tauopathies
dlsease disease
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Regulation of Microtubule-based Transport in Neurons

@Wf Axonal Transport by

=@ * &% Molecular Motors
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cell body

mitochondrion cultured neuron



Regulation of Microtubule-based Transport in Neurons

Axonal Transport by
Molecular Motors
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Kinesin Motor Protein Carrying a Vesicle Along Microtubules

Model based in part on work by
Ron Milligan (Scripps Research)

Rice et al. Nature 1999

BioVisions at Harvard. The Inner Life of the Cell animation conception and scientific content by Alain Viel and Robert A.
Lue. Animation by John Liebler/XVIVO
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Regulation of Microtubule-based Transport in Neurons
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OUTLINE

* Prion Disease: inside neurons
«« Active transport of proteins (including the prion protein —
PrP) inside axons
s Prion protein aggregates form inside endosome
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Prion Diseases

Human Prion Disease
Prion Diseases can be: _Creutzfeldt-Jacob disease (CJD; 10-15%
» Sporadic (85%) — age and specific genetic polymorphisms familial; 85% sporadic)
» Familial (15%) — hereditary mutations in PRNP gene that encodes for
the prion protein (PrP)
» Transmissible (1%) — contamination with tissue from infected individual

-New-variant CJD (transmitted from cows
to humans)

L" e,

Scrapie

Chronic Wasting
Disease

Sheep

* Prion diseases manifest as ataxias, behavioral changes, and dementia

* Prion diseases are invariably fatal. Death occurs often within a year of symptomatic onset
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The Normal (Wild-Type “WT”) Prion Protein Converts
Into a Misfolded Toxic Prion Protein

normal prion protein
(PrPWT)

amorphous or 7" ,‘ 3
amyloid aggregates | *
i

misfolded prion protein
. Zanusso et al.
(prpmnsfolded) (2007)

Arch Neurol

Prion
dlsease

The wild-type prion protein (PrPV") is required for pathogenesis: PrPWT -/- mice do not get prion disease

B | THE FRONT ROW

L‘ at Scripps Research



PrPWT is Transported in the Secretory/Endomembrane System to
the Cell Surface by Molecular Motors

plasma membrane

PrPpWT

plasma membrane !

GPIl anchor

Golgi-derived )
vesicles PrpWT exocytosis

microtubule
axon

cell body

Encalada et al Cell (2011)



PrPWT is Transported in the Secretory/Endomembrane System to
the Cell Surface by Molecular Motors

plasma membrane

Function of PrPWT:
* cell adhesion

GPl anchdr ° circadian rhythm

* signaling

urogenesis and
rrentiation

PrPpWT

plasma membrane
ER Golgi
N& Onﬂﬂnﬁw Golgi-derived D»DWT /

Is misfolded PrP transported along axons and
does it form aggregates?
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What’s the role of trafficking in misfolded prion
protein aggregate formation?
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Expression of Disease-Causing PrPP¢14 Mutant
Results in Prion Aggregate Formation in Neurons

PrPPG14 = mutated prion protein that
PrPWT-mCherry (mCh) PrPPG14.mCh utated prion p
causes prion disease in humans
5 octarepeats 14 octarepeats
1228 7 223 224 254 1221 295 296 326
Prpwt mCherry Prprei4 mCherry




Expression of Disease-Causing PrPP¢14 Mutant
Results in Prion Aggregate Formation in Neurons

PrPWT-mCherry (mCh) PrPPG14.mCh
5 qctarep_eats 14 octarepeats
1220 223 224 254 1221 295 296 326
Prpwt mCherry Prprei4 mCherry

PrPPG14 = mutated prion protein that

. . causes prion disease in humans.
Hippocampal neurons in culture
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How are swollen axons formed? ~ "'t

Scanning Electron Microscopy
(SEM)

Axonal swellings in PrPPG14.mCh axons



Endolysosomal Trafficking Promotes the Aggregation of
misfolded PrP in Axons

PrPPG14forms aggregates inside fluid-filled sacks called endoggresomes
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Chassefeyre*, Chaiamarit*, Verhelle* et al. Sci. Adv. 2021



Ultrastructure of Axonal Prion Aggregates

i
Correlative Light and Electron Microscopy (CLEM) to test at the ultrastructural

Sammy Weiser Uri Manor Tai Chaiamarit
Novak
level whether PrPPG14 aggregates are formed in late endosomes

1. Gridded coverslip to locate the cell

2. Live fluorescence imaging to
locate the PrPPG14-mCh aggregates
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R * SR =R 2R
~[OHE]C]iC >
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3. Ultrathin Serial Sectioning
SEM (S3EM) and 3D Volumetric Reconstruction

Phase-contrast
PrPP¢14-mCh
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Endoggresomes: Prion Aggregates Form within Endo-
lysosomes in Axons

Reconstructed CLEM image through the aggregates

S3EM-SRRF
40 serial section-PrPP¢14-mCh overlay
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Chassefeyre*, Chaiamarit*, Verhelle* et al. Sci Adv 2021

PrPPé14.mCh aggregates form within endosome compartments.



PrPPG14 Aggregates are Neurotoxic and this Toxicity
Depends on Kinesin-1 Function

PrPPG14.mCh in WT neurons
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Endolysosomal Trafficking Promotes the Aggregation of
misfolded PrP in Axons

PrPPG14forms aggregates inside fluid-filled sacks called endoggresomes
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Chassefeyre*, Chaiamarit*, Verhelle* et al. Sci. Adv. 2021

Genetic removal of kinesin-1 is not a feasible therapeutic strategy to clear
misfolded PrP aggregates and treat prion disease



OUTLINE

* Towards therapies to ameliorate prion disease toxicity

Robert Heller
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Pharmacological Enhancement of Degradation of PrPPG14
Aggregates in Axons
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Lipid Droplet Degradation High-Throughput Screen
(collaboration with Jeff Kelly’s lab - Scripps)
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THE FRONT ROW

From ~940,000 small molecules,

identified 77 small-molecule LFAs that
reduced lipid droplets

Botham, Yoon, Verhelle et al. bioRxiv doi.org/10.1101/2022.09.29.509997 2022
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Small Molecules Can Clear PrPPG14 Aggregates from Axons

;2_2‘ PrPP¢14-mCh

A5 small molecule

A5 |[Wee * . L . o
NS p A0um
(: Ga) oy R e il ; - q normalized neuronal

function

Botham, Yoon, Verhelle et al. bioRxiv doi.org/10.1101/2022.09.29.509997 2022

A5 enhances the degradative capacity of neurons
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IN SUMMARY: Pharmacological Modulation of Endolysosomal
Pathways to Degrade Mutant PrP Aggregates in Axons
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A5 enhances the degradative capacity of neurons



IN PROGRESS AND FUTURE STUDIES

1. Continued characterization of basic mechanisms of aggregate formation in neuronal cell models of
prion disease and in Alzheimer’s disease: tau? proteins misfolded in Parkinson’s and Huntington’s
disease?

Axonal swelling

(]

rPPe*endoggresome
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@. e Late
R Direct ARESTA Endosome
+
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2. Pre-clinical trials in mouse models of familial mutant prion disease and Alzheimer’s disease: testing small
molecules for amelioration of toxicity (collaboration with Jeff Kelly and Michael Petrascheck at Scripps):

L+ 3‘?212‘ ﬁ normalize cognitive performance?

3. Medicinal chemistry (collaboration with Jeff Kelly’s and Michael Petrascheck’s labs at Scripps):
* Develop and test modified compounds for better performance in a living organism
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