The Inside-Out Story of Alzheimer’s:
From a Failing Neuron to a Failing Brain

A new paradigm for understanding plagque formation and neurodegeneration.
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The Plaque Isn’t the Starting Point; It’s the Tombstone.

The Old Story: “Outside-In” "~ The New Paradigm: “Inside-Out”
The Amyloid Cascade Hypothesis The Inside-Out Model

Posited that the gradual extracellular deposition | Proposes that the plaque is the remnant of a

of beta-amyloid (APB) peptides is the primary | neuron that has died due to a catastrophic failure
initiating event. of its internal autophagic-lysosomal system.
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The Disease Begins with a Silent Breakdown
in the Cell’'s Recycling Center.

% Lysosomal pH rises from the
D éjﬁ" requisite acidic 4.5-5.0,

o XN | inhibiting pH-sensitive proteases
«  like Cathepsin D and B.
Undegraded autophagic vacuoles (AVs)
containing APP C-terminal fragments (3-CTF)
and A} peptides begin to accumulate.

/ The neuron upregulates autophagy in a
vicious cycle, feeding more substrates

J\\ R~ into a failing system.




A Vicious Cycle of Autophagy Creates
the ‘Poisonous Flower’ Neuron

PANTHOS
Morphology

Massive A3-laden
autolysosomes

Distended plasma
membrane

The neuron becomes engorged with
undegraded autophagic vacuoles,
forming a perinuclear rosette that serves
as the precursor to the senile plaque.
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The Final Barrier Breaches:
The Cell’s Dlgestlve System Ruptures

Intraluminal
Aggregate Stress

Sharp- crysta]]me ﬁhrlls of
AP peptides shown
physically piercing,
deforming and pushing the
lipid bilayer membrane,
stretch and breaks.

Prepared for Dr. James Truchard and Benjamin Gustafsson
Drafted by Gemini3.0
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Reactive Oxygen Species
(ROS), ‘attacking’ and react
with the lipid membrane sory,
visibly degrade, causing
discolora and disfigured.

Beta-CTF Toxicity

B-CTF molecules intercalating into the

e /7ty membrane, wedging between in ordered
2,7y structure and creatts pores and leakages.
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The Neuron Executes Itself with Specialized Demolition Programs.

The cell death is not classical apoptosis. It involves regulated necrotic pathways that result in
membrane rupture and the release of intracellular contents.

Comparative Analysis of Cell Death Mechanisms in PANTHOS Progression

Feature

Initiator

Mediator

Membrane Integrity

Outcome in AD

Prepared for Dr. James Truchard and Benjamin Gustafsson

Apoptosis

Caspase activation
Caspase-3/7

Maintained (blebbing)

Secondary/Late stage

Parthanatos

PARP1 hyperactivation

Poly(ADP-ribose), AIF

Ruptured (necrosis-like)

Lysis and release of
plaque core

Lysosomal Cell Death
(LCD)

LMP
Cathepsins, t-Bid

Ruptured (early loss)

Lysis and release of
plaque core
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The Cell Dissolves, Leaving Its Toxic Core Behind

Before After

(Source Serif Pro regular) (Source Serif Pro regular)

The insoluble amyloid core remains in the extracellular
space, effectively becoming the “ghost” or “tombstone” of
the host neuron.
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The Brain’s First Responders Arrive at the Scene of the Crime.

The ruptured cell releases
a massive bolus of
Danger-Associated
Molecular Patterns
(DAMPs), including:

* Released ATP

e DNA fragments

e HMGB1

e Exposed amyloid fibrils
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Microglia Try to Clean Up the Wreckage,
But Instead Make It Worse.

The “Can
Opener” Effect

Frustrated
Phagocytosis

Unable to digest the core,
microglia enter a state of “frustrated
phagocytosis,” leading to the
chronic secretion of pro-inflam-
matory cytokines (IL-1p, TNF-a) and
reactive oxygen species (ROS).
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The Plague Becomes a Hub of Chronic
Inflammation and Excitotoxicity

Glutamate buildup
induces excitotoxic
stress, causing
calcium overload

Reactive astrocytes and accelerating
lose their capacity neurodegeneration
to buffer extracellu- in the surrounding
lar glutamate and circuit.

potassium.
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The Dying Neuron Releases ‘Seeds’ of a
Second Pathology: Tau

Step 1: Inside the Dying Neuron Step 2: Released During Lysis
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Leaked Cathepsin D cleaves tau inside the dying cell.
These truncated tau fragments are highly neurotoxic
and prone to rapid aggregation, serving as “seeds”.
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Tau Pathology Spreads from Neuron to
Neuron, Corrupting Healthy Cells.

1: Uptake 2: Templated Corruption 3: Inflammatory Acceleration
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Inflammatory cytokines
from plaque-associated
microglia activate
kinases (p38 MAPK,
CDKS5) that
hyperphosphorylate
tau, accelerating tangle
formation.

J
Endocytosis of \ Seed acts as template,
extracellular misfolding native tau
tau seeds. into pathogenic forms.

Prepared for Dr. James Truchard and Benjamin Gustafsson
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The ‘Inside-Out’ Cascade Triggers Widespread Network Collapse

Microglia

Dendritic
spine
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Synaptic Pruning:
Activated microglia excessively prune
synapses via the complement system

Excitatory/Inhibitory Imbalance:

Secreted ASPD impairs inhibitory

interneurons, leading to disinhibition
(Clq, C3), causing widespread and excitotoxicity, creating a

disconnection.

Prepared for Dr. James Truchard and Benjamin Gustafsson
Drafted by Gemini3.0

feed-forward loop of degeneration.
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This New Model Explains Why Clearing Plaques Isn’t Enough.

Plaque Clearance Post-Clearance Reality
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We have been cleaning up the graveyard, not saving the living.
If the plaque is the tombstone of a neuron that has already died,
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The Therapeutic Target Must Shift from the
Extracellular Result to the Intraneuronal Cause

1. Target 1: Restore Lysosomal Function

Develop strategies to restore v-ATPase function
and re-acidify the lysosome.

2. Target 2: Enhance Autophagic Flux

Enhance the efficiency of the autophagy
pathway to prevent the initial build-up of
B-CTF.

3. Target 3: Prevent Membrane Rupture

Inhibit Lysosomal Membrane Permeabilization
(LMP) to prevent the release of
cathepsins and the initiation of cell death.
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