Therapeutic Convergence:
A New Paradigm for
Neurodegenerative
Dementias

Targeting the shared mechanism of
autophagic collapse to create
broad-spectrum, disease-modifying
treatments.




Decades of Single-Target Therapies Have Yielded Limited Success

Alzheimer’s Disease Parkinson’s Disease ALS & FTD

Billions invested in therapies targeting Dopamine replacement treats motor Approved drugs have minimal effect on
single proteins like amyloid-B symptoms but does not slow progression for most patients. While
(B-secretase inhibitors, anti-AB neurodegeneration. Trials for gene-silencing therapies (e.g., Tofersen
antibodies) have largely failed to show a-synuclein immunotherapies and for SOD1-ALS) are a milestone for
significant cognitive benefit. Recent mitochondrial antioxidants have not yet specific mutations, they don't address
approvals offer only modest effects for yielded a clear success. the vast majority of sporadic cases.

most patients.

Significant Disease Modification

Symptomatic or Modest Benefit
>
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The “one-disease, one-target’ approach has proven insufficient for
complex, multifactorial neurodegenerative diseases.
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Disparate Dementias Share a Final Common Pathway of Cellular Failure

. Parkinson’s (PD) & Frontotemporal | | St
Alzheimer's Dementia with Lewy Dementia (FTD) E?Ds’%ma (nglg)e
e D) Bodies (DLB) & ALS Sorcersit-obs

While the upstream triggers and specific misfolded proteins differ, they all overload or
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Convergent Autophagic Collapse
is the Unifying Mechanism of
Neurodegeneration

What is Autophagy?

The cell’s essential waste clearance and recycling
system. It sequesters misfolded proteins and damaged
organelles into vesicles (autophagosomes) and delivers
them to the lysosome for degradation.

What is Convergent Autophagic Collapse?

The theory that disparate dementias share a final
common pathway: the failure of this autophagy-lysosome
system. This collapse in cellular housekeeping leads to
the toxic accumulation of protein aggregates, synaptic
dysfunction, and ultimately, neuronal death.

a-synuclein
Tau TDP-43, FUS, Tau

Amyloid-B Storage metabolites,

Glycoproteins

Convergent
Autophagic
Collapse
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Overwhelming Genetic and Pathological Evidence
Confirms This Shared Breakdown

Shared Molecular Deficiencies

Post-mortem brain studies in AD, DLB, and FTD patients
reveal a common pattern of deficiencies in key autophagy
proteins like ULK1.

Parkinson’s Disease Genetics

The most common genetic risk factors for PD, mutations in
GBA and LRRKZ2, directly impair lysosomal enzyme function

and autophagic trafficking, creating a “vicious cycle” with
a-synuclein.
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FTD/ALS Genetics

A remarkable proportion of familial FTD/ALS genes directly
requlate autophagy, including C9orf72 (autophagy initiation),

TBK1 (receptor phosphorylation), and SQSTM1/p62 (cargo
adaptor). This provides direct genetic proof.

Lysosomal Storage Disorders

These disorders, where a primary lysosomal defect causes
neurodegeneration and AD-like pathology (e.g., tau tangles in
Niemann-Pick C), demonstrate the causal role of lysosomal
failure in driving protein aggregation.
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Lysosomal Dysfunction i1s an Early, Convergent Trigger Across Dementias

Healthy pH Collapse

Lysosome

s Diseased
P SN Lysosome

2

PSENT mutations and
AB itself impair the AD
V-ATPase proton pump.

V-ATPase
proton pump

\

0 ... ’ —= Optimal Acidity “pH Collapse” ﬁ ..,"H ’
= (pH ~4.5) (pH > 5.5) 3) LRRK:? and ATP13A2
~...J . ﬁ mutations disrupt V-ATPase
\ assembly and function.
Degradative Pathological tau has been '
found to bind and inhibit
ELSYRES V-ATPase subunits. FT

Key Insight: Crucially, lysosomal acidification defects are observed in animal models months before the
formation of amyloid plaques, implicating autophagic collapse as a driver of disease, not just a consequence.
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A Multi-Modal Toolkit is Required to
Systematically Restore Autophagic Function
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RESTORE CORRECT DELIVER
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Pharmacological and Genetic and antiviral Advanced nanotechnology
biochemical interventions to therapies to address root and delivery systems to
reactivate autophagic flux causes and remove ensure therapies reach their
and enhance lysosomal underlying inhibitors of the targets within the brain.
efficiency. pathway.
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Pharmacological Agents Can Reactivate and
Enhance the Autophagy-Lysosome Pathway

1. Induce Autophagy 2. Enhance Lysosomal Function
(Upstream Activation) (Downstream Bottleneck)

Autophagy Flux
Strategy: Inhibit the mTOR Strategy: Restore lysosomal
pathway, the master negative pH, boost degradative
regulator of autophagy. enzyme activity, or increase

lysosome biogenesis.
Example: Rapamycin.
Preclinical studies show it Examples: Ambroxol: A GCase
consistently reduces both chaperone that boosts lysosomal

amyloid and tau pathology and activity; has raised CSF GCase
reverses cognitive deficits in AD levels in a PD clinical trial. /)
mouse models. Early human ' :
| Ambroxol
trials are underway. A”tﬂl’hﬂgf Gemfibrozil: A PPARa agonist
shown to enhance microglial o
autophagy and clearance of — [V
pathology in AD models. ' r ® 5
l':leared Pathnlngy,-"
| Improved Function
N —

Rapamycin
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Genetic Therapies Offer PrecisioQ
of Disease Root Causes

Gene Replacement & Editing Antisense Oligonucleotides (ASOs)
Strategy: Use AAV vectors or CRISPR to deliver a functional Strategy: Use synthetic DNA-like molecules to silence the
gene or correct a mutation. production of toxic proteins.

Clinical Example: An AAV vector delivering the Progranulin Clinical Success: Tofersen, an ASO targeting mutant SODT,
(GRN) gene is in clinical trials for FTD to restore normal IS now an approved therapy that slows neurodegeneration in
lysosomal function. | a subset of ALS patients.

‘In the Pipeline: ASOs targeting Tau (MAPT), a-synuclein

(SNCA), and the C9orf72 repeat expansion are all in clinical
AAV vector | trials.

Healthy DNA
. Mutated ASO

MRNA RNase H

o

Mutation

— Dysfunctional  Healthy active Ribosome i 3 Tt;xlc Pr?t?im
Nucleus lysosome enzyme function EaiEC el Iovente
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Targeting Viral Triggers May Remove

a Key Inhibitor of Autophagy

The Hypothesis

Chronic latent viruses in the brain can directly impair the
autophagy pathway, accelerating neurodegeneration.

HSV-1 in Alzheimer’s Disease

Mechanism: The Herpes

Simplex Virus 1 (HSV-1) protein ~
ICP34.5 directly binds and ; .'
inhibits Beclin1, a critical

autophagy initiation protein.

ICP34.5

. > Autophagy
3 Initiation

HSV-1  Beclin1

Therapeutic Strategy: The VALAD Phase Il clinical trial tested
high-dose Valacyclovir in HSV-positive AD patients, with early
results suggesting it was well-tolerated and may slow decline.

Removing these viral ‘brakes’ on autophagy could restore cellular
defense and synergize with other pro-autophagy therapies.

N Viral
Inhibition

Mechanism: Human Endogenous
Retrovirus K (HERV-K) is f
abnormally activated in some ﬂ 1

ALS patients and its
HERV-K
x""-1:::1 t—‘f'ﬁ

HERVs in ALS

proteins are neurotoxic.

Neurotoxic
HERV-K Protein

Therapeutic Strategy: Trials using antiretroviral drugs have
shown a reduction in HERV-K RNA levels, suggesting a

potential benefit.
D |
Sad
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Nanotechnology is the Key to Delivering
Therapies Across the Blood-Brain Barrier

The Challenge:
The Blood-Brain Barrier (BBB) is a highly selective barrier that blocks most drugs and all large
molecules (like genes and enzymes) from entering the brain.
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v Nanoparticles (LNPs, Lysosome-Targeting FUS Focused Ultrasound (FUS) with
&5 ) exosomes) carry cargo Free- ﬂr.:ratlng Chimeras (LYTACs) capture S microbubbles temporarlly
across via FEEEPt“r‘mEd'atEd toxic protein and transport target proteins e’ disrupts tight junctions, allowing
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Future Clinical Trials Must Embrace Combination Therapies
and Patient Stratification

Diverse

1. Move Beyond Monotherapy Patient Pool

The multifactorial nature of autophagic collapse
logically requires multi-targeted treatment. Future
trials should test rational “cocktails” (e.g., a

lysosomal enhancer + an anti-tau ASO) against Biomarker Stratification g uﬁdﬁﬂﬁ
single agents or placebo. @ HW “+
&Y o | |
e N ) l L

2. Embrace Precision Medicine = AR

. s Nk . rS . eficit ]| [ su : Infi 3 (su : Pr xi rload
Stop treating dementia as a monolithic disease. low GCase, GRN mtation) | | (high CoF cytokines, APOERs) | | " (igh piau, asyn)
Use biomarkers to stratify patients into subtypes Dy ﬁl%[» e+ Quoos *giw B
(e.g., inflammatory,’ ‘lysosomal deficit’) and match N, ) \ s JiL )
them to therapies most likely to work. vL Jv i

" Combination Thera py A: Yoli Combination Therapy B: 1 ( Combination Therapy C: )
Ambroxol + GRN Gene Therapy NLRP3 Inhibitor + Anfi-Tau ASO Rapamycin + a-Synuclein ASO

3. Use Adaptive Designs o~ + B + Ry Y+
l " W

4 o o N i N .J
Incorporate biomarkers of autophagic function to l )
confirm target engagement early in trials, allowing , LA A _
. n . Measure Outcomes & Autophagic Markers
for faster go/no-go decisions and adjustments. 2 o\ } Adaptive Adjustment |
=k o+ (€c3)
N .,_.r_-.; I"‘.'-:‘_!_;_,-"II
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Lifestyle and Immunomodulation Create a
Permissive Environment for Cellular Repair

Z2C@

1. Control Neuroinflammation 2. Leverage Natural Autophagy Induction
Chronic inflammation inhibits autophagy. Lifestyle factors are potent modulators of cellular health.
Strategy: Modulate microglial activation and cytokine release. Examples:

 Exercise: Activates AMPK in the brain, inducing autophagy.
Example: NLRP3 inflammasome inhibitors have been shown « Sleep: Enables waste clearance via the glymphatic system.
to reduce neuroinflammation and improve cognition in AD « Diet: Caloric restriction mimetics (ketones, intermittent
models by breaking the vicious cycle where protein aggregates fasting) robustly trigger autophagy.

trigger inflammation, which in turn impairs clearance.

These interventions are not just ‘good advice’; they are mechanistically synergistic approaches

that can amplify the effects of targeted medical therapies.



A Strategic Roadmap: Mapping Interventions to
the Molecular Drivers of Collapse

Molecular Driver Primary Therapeutic Approach  Status / Key Example

Ambroxol in PD trials

E’:_ Lysosomal De-acidification Lysosomal Enhancers
Q (‘'oH Collapse’) (e.q., TFEB activators)

Impaired Autophagosome  mTOR Inhibitors / Autophagy Rapamycin In early AD trials

Formation/Fusion Inducers (e.g., Rapamycin)
* Toxic Protein/Viral Gene Silencing (ASOs) / Antivirals Tofersen approved for SOD1-ALS;
% Overload (e.q., Valacyclovir) Valacyclovir in Phase |l
701 o8 NeUrd hTlammation Immunomodulators (e.g., NLRP3 Preclinical success in multiple
[ R - e inhibitors) models
%"®, »° : . Nanotechnology / Advanced AAV-GRN in FTD trials; FUS
ﬂf% Delivery Barriers (BBB) Delivery enabling antibody delivery
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Restoring Autophagy Offers
Offers a Unifying Path to
Transform Dementia into a

Manageable Condition

By reinforcing the cell's own fundamental housekeeping
machinery, we can tackle neurodegeneration downstream
of its many triggers. This convergent strategy has the
potential to halt disease progression and yield benefits
across multiple diagnoses. The ultimate goal is to
transform these currently incurable diseases into
manageable conditions, much as combination therapies
transformed HIV. This work provides the therapeutic

roadmap to achieve that goal.
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