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Both transducers above cofilin serine 3 are condemned by the same phosphorylation that activates them. A surface built that
way has no off switch that is not a protease — so its temporal control is vested in the disposal machinery, and the condition
of that machinery in Alzheimer’s disease is not a matter for speculation. Two laboratory programmes have described it for

four decades, and neither has been read as an account of a switch.
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Abstract

The balance between severing and stabilisation of the actin filaments in a dendritic spine is set at
one residue of one protein: serine 3 of cofilin-1. Two antagonistic Rho-family arms write that
same mark, so the residue cannot report which arm produced it, and the sign of the change in
Alzheimer's disease has been disputed in human tissue for a decade without resolution. The sign
is set one layer above, at the transducers — and both of the relevant transducers are built to an
unusual design. Phosphorylation of Ephexin5 at tyrosine 361 biases the enzyme toward RhoA
and simultaneously recruits the ubiquitin ligase Ube3A that consigns it to the proteasome.
Reelin-induced tyrosine phosphorylation of Disabled-1 transduces the protective signal and
simultaneously targets the adaptor for ubiquitin–proteasome degradation. The phosphorylation that
activates is the phosphorylation that condemns.

A control surface of that construction has a property that is easy to state and consequential to
follow: it has no off switch that is not a protease. A phosphatase resets a mark; it cannot
remove a transducer. Transience at this surface is therefore not a chemical reaction that proceeds
at a fixed rate. It is a service, provided by the ubiquitin–proteasome system at the cytosolic
transducers and by endosomal sorting, the multivesicular body and the lysosome at the receptors.
Anything that degrades the service degrades the neuron's capacity to issue a brief structural
instruction — without touching a single kinase, receptor or ligand.

This paper argues that the two laboratory programmes which have characterised that service in
Alzheimer's disease — Scott Small's twenty-year account of retromer-dependent endosomal
recycling, and Gunnar Gouras's twenty-eight-year account of intraneuronal amyloid retention at
the synaptic endosome — are not adjacent literatures to the switch. They are the account of why
the switch cannot be thrown, and they have never been read that way, in either direction.

Three joins are made at named objects rather than at shared vocabulary. At the
ubiquitin–proteasome system: retained intraneuronal amyloid was shown in 2006 to
impair multivesicular-body sorting by inhibiting the proteasome and the deubiquitinating
enzymes, which predicts that both self-terminating transducers should accumulate in a loaded
neuron. Ephexin5 protein is in fact elevated in human Alzheimer hippocampus. Disabled-1 has
never been measured alongside it, and the paired measurement discriminates between three
otherwise indistinguishable explanations of that elevation. At the multivesicular body: the
compartment through which a spent receptor must pass to be destroyed is the compartment in
which amyloid-β42 accumulates postsynaptically, before plaques, and which distends and
mis-sorts when loaded. At the early endosome: retromer-dependent retrieval decides whether
a receptor is recovered or condemned, and therefore decides whether it can transduce a second
signal — which is the quantity the switch account requires and which no study of this pathway
has measured.
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The three programmes also genuinely disagree, and the disagreement is stated rather than
smoothed. Small's traffic jam and Gouras's loaded compartment are both capacity lesions —
one scalar variable, all cargo affected. The switch account requires a specificity lesion, because
amyloid drives EphB2 into an intact proteasome while the effector that receptor licenses for
destruction accumulates: one arm over-runs while the other under-runs, which no scalar variable
predicts. The reconciliation offered here is that these are lesions of different services at different
times — a capacity failure in the endosomal–lysosomal arm, present before any deposit and
carrying the human genetic anchors, and a specificity failure in the ubiquitin–proteasome arm,
gated on soluble amyloid and therefore late. That produces an ordering claim which is falsifiable
in one experiment, and Section 8 states it.

Five predictions and their refutation conditions follow, together with what the join forbids. The
largest of the forbidden moves is the one the deficit framing makes most natural: raising
degradative flux across the board in a neuron whose lesion is misdirection rather than shortage is
predicted to accelerate the loss it is meant to prevent.



A Proteolytic Switch at the Dendritic Spine September 2026

5

1. Introduction

1.1 The problem

Synapse loss is the strongest structural correlate of cognitive impairment in Alzheimer's disease. In
the study that established this, neocortical synapse density carried a multivariate correlation of 0.96
with the Dementia Rating Scale, while plaque density contributed 26 per cent of that model's
strength (Terry et al., 1991). Whatever begins this disease, the step that produces the symptom is the
loss of dendritic spines, and a spine is an actin structure.

The mechanics of that structure are unusually well understood. A spine's volume is the running
balance of filament nucleation and elongation against filament severing and turnover. Severing is
performed by cofilin-1, the major actin-depolymerising factor of mammalian neurons, and cofilin is
switched by phosphorylation at serine 3: phosphorylated cofilin cannot bind filamentous actin and
the network is stable; dephosphorylated cofilin binds and severs. LIM-domain kinases add the
phosphate; the slingshot phosphatases and chronophin remove it (Bamburg et al., 2021; Kang and
Woo, 2019).

The residue is directly implicated in human disease. Inclusions containing cofilin and actin are
prominent in hippocampal and cortical neurites of post-mortem Alzheimer brain, most prominent
in neurites contacting amyloid deposits, and present in Alzheimer brain and not in normal brain
(Minamide et al., 2000; Bamburg and Bernstein, 2016).

And yet the direction of change at serine 3 in Alzheimer's disease is disputed, in human tissue,
by careful laboratories, and the dispute has not moved. Amyloid-β acting through the immune
receptor LilrB2 produces enhanced cofilin signalling — dephosphorylation — reported in mouse
and detected in human Alzheimer brain (Kim et al., 2013), a direction independently reproduced
with a natural receptor antagonist (Kawaguchi et al., 2022). Amyloid-β acting through
Rho-associated kinase increases serine-3 phosphorylation in the post-synaptic fraction of human
Alzheimer cortex, where that phosphorylation is reported necessary and sufficient for synaptic
impairment (Rush et al., 2018).

The reason the dispute does not move is structural. Two antagonistic arms write the same
mark. RhoA acting through Rho-associated kinase phosphorylates LIM-domain kinase on its
activation-loop threonine; Rac1 and Cdc42 acting through p21-activated kinase phosphorylate the
same LIM-domain kinase on the same threonine. Both raise phospho-serine-3. The first collapses a
spine and the second grows one. A measurement of that phosphosite cannot distinguish them, and
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the degeneracy is in the variable, not in the sampling: a perfectly compartment-resolved
measurement at a single synapse would still not say which arm produced it.

The information is not lost. It lives one layer up, at the transducers that decide which GTPase is
loaded. This paper is about what happens to those transducers, and about who removes them.

1.2 The design that makes this a paper about proteolysis

The two transducers that set the sign are each governed by tyrosine phosphorylation, and each is
built to the same unusual design.

Phosphorylation of Ephexin5 at tyrosine 361 biases the exchange factor toward RhoA and
simultaneously recruits the ubiquitin ligase Ube3A, which consigns it to the proteasome (Margolis et
al., 2010). The 2025 revision of that architecture showed that the residue is a substrate switch rather
than a simple brake — the dephosphorylated form directs the enzyme toward Cdc42, and the
Cdc42 arm is required for activity-driven spine growth (Petshow et al., 2025). Abundance and activity
are therefore two readings of one covalent mark.

On the opposing arm, reelin binding to ApoER2 and VLDLR induces Fyn-dependent tyrosine
phosphorylation of the adaptor Disabled-1, which transduces the protective signal (Hiesberger et al.,
1999; Bock and Herz, 2003) and simultaneously targets Disabled-1 for degradation by the
ubiquitin–proteasome pathway; the same kinase is required for both, and in its absence the adaptor
is not degraded (Arnaud et al., 2003; Bock et al., 2004). Reelin's structural output at the residue
below is stabilising: it induces n-cofilin phosphorylation at serine 3 (Chai et al., 2009).

Two opposed arms, converging on one residue, each self-terminating by licensed proteolysis,
with a single Src-family kinase writing to both.

The consequence is the premise of everything that follows. Transience at this control
surface is not achieved by dephosphorylation. It is achieved by destruction. A
phosphatase resets a mark and leaves the transducer in place; it cannot end a structural instruction
carried by a molecule that is still there and still active. The phosphatases of this system are in any
case non-specific and disease-engaged: cofilin is dephosphorylated by the slingshot phosphatases
and by chronophin, amyloid-β signalling converges on slingshot-mediated cofilin activation through
the scaffold RanBP9 (Woo et al., 2015), and the wider regulation implicates LIM-domain kinase 1,
slingshot homolog 1, β-arrestin, chronophin, phospholipase D1 and 14-3-3 (Kang and Woo, 2019).

So the spine's control surface has no off switch that is not a protease. Three proteolytic systems
supply it: the canonical ubiquitin–proteasome system, which handles both transducers and is also
the route by which amyloid disposes of EphB2 (Cissé et al., 2011); a dendritic, activity-regulated
membrane proteasome that degrades intracellular protein into peptides released extracellularly,
where they act as selective activators of NMDA receptors (Türker et al., 2024), and whose properties
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coincide with a reported activity-dependent, proteasome-dependent fall in dendritic Ephexin5
(Hamilton et al., 2017); and the endosomal–lysosomal system, which handles the receptor limb and
decides whether an internalised receptor is retrieved for a second signal or delivered through the
multivesicular body to the lysosome.

That third service, and the state of the first, are what this paper is about — because they are
exactly what two long-running laboratory programmes have spent four decades between them
characterising in this disease.

1.3 The two programmes, and why they have not met the switch

Scott Small's programme begins with anatomy rather than with a molecule. The disease begins
with striking reliability at the junction of the entorhinal area and the temporal neocortex and
spreads along a mapped route (Braak and Braak, 1991), and that regional preference can be used as
a filter on candidates rather than explained after the fact (Small, 2014). The founding paper is the
clearest application: a spatiotemporal model was constructed before the data — a driver should be
abnormal in the entorhinal cortex, relatively spared in the dentate gyrus, and abnormal across a
broad age span — and the transcript that best conformed was VPS35, the cargo-recognition core of
the retromer complex, a molecule with no prior association with the disease (Small et al., 2005). The
proposition that followed is that when retromer-dependent recovery of cargo from the early
endosome fails, everything held there dwells longer than it should, and the disease's separate
pathologies are parallel consequences of that single mechanical fault (Small et al., 2017).

Gunnar Gouras's programme rests on a structural fact assembled piece by piece since
1998: a nerve cell manufactures amyloid-β on the same organelles it uses to run its synapses.
Different compartments generate distinct peptide populations (Greenfield et al., 1999); the enzymes
making the first cut in the precursor protein are localised to synaptic vesicles (Lundgren et al., 2015);
and the compartments that hold the peptide are the compartments that recycle glutamate receptors
and return worn cargo for disposal. Amyloid-β42 accumulates within neurons in vulnerable regions
in human brain (Gouras et al., 2000), localises by electron microscopy to multivesicular bodies
inside synaptic terminals in association with abnormal synaptic structure before plaque pathology
(Takahashi et al., 2002), and oligomerises there (Takahashi et al., 2004).

Both programmes are usually read as candidate origin stories, and both are weaker read that way
than read as accounts of a mechanism. Neither has been read as a description of the machinery on
which a proteolytic switch depends, because the switch had not been described as proteolytic. That
description is recent, and the joins it makes possible are the subject of this paper.
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1.4 What is claimed, and what is not

Claimed. That the control surface above cofilin serine 3 is terminated by proteolysis rather than
by dephosphorylation; that the two programmes named above supply the state of two of the three
proteolytic services that surface depends on; that three specific joins can be made at named
molecules and compartments; that those joins generate discriminating experiments nobody has run;
and that the joins imply an ordering among the three lesions which is falsifiable.

Not claimed. Nothing here addresses what initiates the disease, why particular neurons fail
first, the substantial fraction of dementia not attributable to the pathologies conventionally
measured, or the substantial fraction of people meeting neuropathological criteria who are not
demented. The account concerns the execution of synaptic loss in the excitatory pyramidal neuron of
neocortex and hippocampus, at its dendritic spines. The parvalbumin-positive interneuron is
characteristically aspiny and does not fail by the mechanics described here.

1.5 Grades

Claims are graded on a five-point maturity scale, applied to the evidence rather than to the
plausibility of the claim. M1 — human, population-scale or replicated across independent cohorts.
M2 — human, single cohort or tissue series. M3 — animal, replicated. M4 — animal, single
laboratory. M5 — in vitro, or inference from adjacent findings. A separate column records whether
an intervention was performed in both directions, which is the design that carries direction of
causation.

Two rules govern the joins, and they are stated here so the reader can audit them.

No join without a shared object. Two programmes are joined only if they name the same
molecule, the same residue, the same compartment or the same measurement. "Both concern the
endosome" is not a join. "Both concern the ubiquitin-dependent destruction of a transducer in the
dendrite of a pyramidal neuron" is.

No join that resolves a live dispute by paraphrase. Where the joined literatures
disagree — and Section 7 shows they do, sharply — the disagreement is stated and an experiment is
offered, not a synthesis.
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2. The Demand Side: What Has to Be
Destroyed

This section states, as a list of requirements, what the switch needs from the proteolytic machinery.
Sections 3 and 4 then ask what the two programmes say about the machinery's condition.

2.1 Requirement one: the RhoA transducer must be removed on schedule

In the original description, Ephexin5 restrains excitatory synapse formation through RhoA; EphB
receptor activation triggers Ephexin5 tyrosine phosphorylation, which recruits Ube3A and consigns
the exchange factor to the proteasome; and the restraint is released (Margolis et al., 2010). The 2025
revision preserves the proteolytic architecture and inverts the interpretation of the protein's role:
phospho-Y361 directs the enzyme toward RhoA, the dephosphorylated form toward Cdc42, and
the Cdc42 arm is required for activity-driven spine growth and stabilisation (Petshow et al., 2025).
The enzyme is a switch, not a brake.

What the switch account requires is therefore narrower and sharper than "less Ephexin5." It
requires that the phosphorylated species be cleared, on the timescale of a plasticity event, by a
Ube3A-dependent proteasomal route. If it is not cleared, the RhoA bias persists after the stimulus
that produced it has ended, and a transient instruction becomes a standing one.

There is a second, independent route on the same protein: dendritic Ephexin5 falls by
activity-dependent proteasomal degradation (Hamilton et al., 2017), whose properties — dendritic,
activity-regulated, proteasome-dependent — coincide with those of the neuronal membrane
proteasome (Türker et al., 2024). Whether the second machine performs the first degradation has
not been tested and is stated here as a hypothesis. A dendrite contains both machines, and a protein
may have more than one disposal route with different kinetics.

2.2 Requirement two: the protective adaptor must be removed on schedule

Reelin binds ApoER2 and VLDLR; the receptors' cytoplasmic tails are bound by Disabled-1; Fyn
phosphorylates the adaptor on tyrosine; the signal proceeds through PI3-kinase and Akt to inhibit
GSK-3β and, through LIM-kinase, to stabilise the actin network by phosphorylating cofilin at serine
3 (Hiesberger et al., 1999; Bock and Herz, 2003; Chai et al., 2009).

The same phosphorylation targets Disabled-1 for ubiquitin–proteasome degradation, and
apolipoprotein E receptors are required for it: in the absence of receptor engagement, or of Fyn, the
adaptor is not degraded (Arnaud et al., 2003; Bock et al., 2004). The protective arm is therefore
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self-limiting by the same design as the destructive one. A neuron that cannot degrade Disabled-1
does not thereby acquire more protection; it acquires an adaptor pool whose phosphorylation state
no longer tracks current ligand.

2.3 Requirement three: the receptors must be recoverable

Both arms are receptor-gated, and a receptor that has signalled once must be recovered from the
endosome to signal again. This is the requirement that makes the switch account depend on sorting,
and it is the least examined of the three.

Two lesions on the protective receptor are documented. Apolipoprotein E4 selectively impairs
ApoE receptor recycling, sequestering ApoER2 intracellularly, reducing its surface expression and
reducing glutamate receptor function and synaptic plasticity (Chen et al., 2010). That block is
reversible by a trafficking manipulation: pharmacological and genetic inhibition of NHE6, the
principal proton-leak channel of the early endosome, completely reverses the ApoE4-induced
recycling block of ApoER2 and of the glutamate receptors co-endocytosed with it, and restores
reelin-mediated modulation of excitatory synapses (Xian et al., 2018). Nothing was added to the
signalling pathway and nothing was blocked in it; the compartment was repaired and the signalling
returned.

A second lesion lies outside the reach of any sorting step. Peroxidation of the lipid cargo
generates reactive aldehydes that crosslink apolipoprotein E covalently to the ligand-binding
modules of ApoER2 (Ramsden et al., 2022). A receptor sequestered in an endosome can be
returned to the surface by fixing the pH; a receptor covalently joined to its ligand cannot be
separated by sorting, because ligand and receptor have become one molecule. This chemistry has
been demonstrated with purified peptides and recombinant protein at aldehyde concentrations
chosen to drive the reaction; the human evidence is immunohistochemical, and it is graded
accordingly.

2.4 The demand list, stated compactly
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Table 1 — What the switch requires of the proteolytic services

Service What it must remove Consequence of
failure

Established by

Ubiquitin–proteasome
(canonical)

Phospho-Y361 Ephexin5, via
Ube3A

RhoA bias outlives its
stimulus; a transient
instruction becomes
standing

Margolis et al.,
2010; Petshow et
al., 2025

Ubiquitin–proteasome
(canonical)

Phospho-tyrosine Disabled-1,
receptor- and Fyn-dependent

Protective adaptor pool
decouples from current
ligand

Arnaud et al.,
2003; Bock et al.,
2004

Dendritic membrane
proteasome

Dendritic Ephexin5,
activity-regulated

Local, use-dependent
reset of the switch is lost

Hamilton et al.,
2017; Türker et al.,
2024

Endosomal retrieval Nothing — it rescues rather
than destroys

Receptor cannot
transduce a second
signal

Chen et al., 2010;
Xian et al., 2018

Multivesicular body /
lysosome

Spent receptors condemned
for destruction

Condemned receptor is
retained; compartment
loads

Section 4

The last two rows are the reason this paper exists. Nothing in the switch literature says what state
those compartments are in, in this disease. Two other literatures say a great deal.
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3. The Retrieval Arm: What the Retromer
Programme Supplies

3.1 The governing variable is residency time

The mechanism is mechanical and can be stated without reference to any pathology. Material taken
into a neuron arrives at the early endosome and is either sent on for destruction or recovered — to
the cell surface, or to the Golgi for reuse. The recovery is performed by the retromer complex
working with cargo-specific receptors, of which the most important here is SORLA, encoded by
SORL1. Jam the export step and residency time rises, for everything held there (Small et al., 2017).

For the switch account, that single sentence is the join, and it is worth stating what it means at
the level of a residue rather than a compartment. Residency time in the early endosome is precisely
the variable that determines whether an internalised ApoER2 returns to the surface in time to
receive the next reelin pulse, or is carried onward to the multivesicular body. The switch account
requires cycling; the retromer account describes the step at which cycling is decided.

The Alzheimer-vulnerable region relies on a distinct retromer core dedicated to endosomal
recycling, built around VPS26b rather than VPS26a (Simoes et al., 2021) — which is the strongest
available answer to why a ubiquitous housekeeping machine should produce a regionally specific
disease, and it is an answer the switch account does not have and does not need to invent.

3.2 The evidence, in ascending order of what each design can establish

Expression and correlation in vulnerable human regions establishes association in end-stage tissue
(Small et al., 2005; Simoes et al., 2021). M2.

Perturbation in animals establishes sufficiency in a model: retromer-deficient mice and flies
show hippocampal dysfunction, neurodegeneration and amyloid accumulation (Muhammad et al.,
2008). M3.

Depletion and repletion is the strongest design available in a model, and it was performed.
VPS35 was depleted in mouse hippocampal neurons and restored with an optimised vector;
accelerated precursor-protein cleavage and loss of synaptic glutamate receptors followed the
manipulation in both directions. The same study found a neuronal retromer deficit sufficient to
induce dystrophic microglial morphology, independently of tau (Qureshi et al., 2022). M3,
bidirectional. Independent replication of the stabilisation strategy followed in an Alzheimer model,
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rescuing synaptic dysfunction and endosomal trafficking deficits (Ramonet et al., 2025).

Human genetics carries the direction of causation without a model organism. Rare truncating
variants in SORL1 occur almost exclusively in people with the disease, now mapped to specific
receptor domains across large aggregated cohorts (Andersen, de Waal et al., 2025). M1. In human
neurons, a SORL1 truncating mutation produces haploinsufficiency and enlarged endosomes;
isogenic comparison shows haploinsufficiency alone produces endosome dysfunction while complete
loss adds defects in lysosomal function and autophagy (Hung et al., 2021). M2.

And the abnormality this pathway produces is the earliest disease-specific structural change
known in sporadic Alzheimer's disease. Enlarged rab5-positive early endosomes are present in
neocortical pyramidal neurons at preclinical stages when Alzheimer-like neuropathology is still
restricted to the entorhinal region; present in Down syndrome pyramidal neurons from 28 weeks of
gestation; accentuated by APOE ε4; minimally influenced by normal ageing; and — the control that
makes the timing argument work — absent at advanced stages of familial disease caused
by presenilin mutation, establishing that the abnormality is not a consequence of amyloid
deposition (Cataldo et al., 2000). M2.

That last result deserves the emphasis it rarely receives. In the form of the disease with the
highest lifetime amyloid burden, the endosomal abnormality is absent. Whatever produces it in
sporadic disease, it is not the peptide.

3.3 What the last two years did

Two results from 2026 pull in opposite directions and both matter to the join.

The pathway was placed upstream of tau in an animal, for the first time. Raising
SORLA in aged tauopathy mice reversed tau phosphorylation, tau seeding, synapse loss, impaired
potentiation and glial activation, while deleting SORLA made all of them worse (Huang et al.,
2026). This is a bidirectional intervention against the tau arm in an aged animal, and it is what the
theory had claimed since 2008 (Small and Duff, 2008) and had never directly shown. It also
converges with an earlier human stem-cell result in which retromer stabilisation reduced tau
phosphorylation independently of the precursor protein (Young et al., 2018). M3, bidirectional.

The first assay of pathway function in living people did not support the claim that
the lesion is common. Soluble SORL1 in cerebrospinal fluid is reduced in carriers of damaging
SORL1 variants, as the model predicts; but in patients with ordinary sporadic Alzheimer's disease
carrying no such variant, it does not differ from controls (de Waal et al., 2026). M2. One negative
result does not settle a hypothesis, and a shed ectodomain is an imperfect proxy for intracellular
recycling activity. It does mean that the strongest version of the theory now has a measurable claim
outstanding against it.
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For the present paper the consequence is specific and should not be softened. If retromer failure
is causal but not common, then the retrieval arm of the switch account is compromised in a defined
minority — SORL1 variant carriers, and, by a different route, APOE ε4 carriers — rather than in
sporadic disease generally, and the convergence claim narrows accordingly. Section 9 records this as
the largest live threat to the argument.

3.4 An unresolved contradiction, and a change of cell

Two further items must be carried rather than resolved.

The first is internal to the programme. Depletion of SORL1 in human neurons has been
reported to impair endosomal traffic independent of amyloidogenic precursor processing (Knupp et
al., 2020), while the isogenic human-neuron study found the endolysosomal dysfunction of SORLA
loss was relieved by antisense reduction of the precursor protein, placing presenilin-1, the precursor
and SORLA in a common pathway (Hung et al., 2021). Whether the endosomal phenotype is
precursor-dependent is unsettled. The switch account is compatible with either — a receptor that
cannot be retrieved is not retrieved whatever jammed the compartment — but the two readings
imply different drugs.

The second is a change of cell type, and it is the most interesting development in this literature.
SORL1's strongest protective common variant acts through microglial expression (Gorniak-Walas et
al., 2026); SorLA governs endoplasmic-reticulum homeostasis and lipid metabolism in human
microglia, with effects conserved in neurons (Haq et al., 2026); loss of SORLA in human
induced-pluripotent-stem-cell-derived microglia decreases lysosomal degradation and enzyme
activity, so that phagocytic uptake of fibrillar amyloid-β and of synaptosomes is increased while
degradation is reduced and both substrates accumulate aberrantly (Mishra et al., 2025); and human
imaging now places inflammatory alteration between tau and neurodegeneration (Lao et al., 2026).

The synaptosome result belongs in this paper rather than in a footnote. A microglion that takes
up synaptic material faster than it can degrade it is a cell whose pruning has become uncoupled
from its disposal capacity. The clearing cell has acquired the same class of lesion as the losing cell, in
the same compartment, from the same gene. Whether that changes the switch account is treated in
Section 9; it certainly changes the claim that the neuron is where the recycling lesion matters.
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4. The Terminal Arm: What the Retention
Programme Supplies

4.1 One machine, two jobs

The programme's founding structural observation is that the neuron's amyloid-producing
machinery and its synaptic machinery are the same machinery. The endoplasmic reticulum and the
trans-Golgi network generate distinct populations of the peptide, so the compartment determines
the product (Greenfield et al., 1999); ADAM10 and BACE1 are localised to synaptic vesicles
(Lundgren et al., 2015); and the compartment in which the longer, aggregation-prone species is
retained is a compartment of the synapse.

The consequence, which the programme's own framing has tended to obscure by presenting the
work as an origin story, is that a fault in that machinery is necessarily both an amyloid event and a
plasticity event — whatever caused the fault.

4.2 The pathology is retention, not overproduction

This is the most under-cited finding in that programme, and it matters here.

Cultured neurons from Alzheimer-model mice were compared with normal neurons over time.
In the diseased neurons the amount of amyloid secreted fell with time; it did not rise. The ability of
synaptic activity to increase secretion while reducing the intracellular pool became impaired in
diseased and not in normal neurons. A mechanism was identified: synaptic activity normally
increases surface neprilysin — the enzyme that degrades the peptide — and its co-localisation with
Aβ42, and in the diseased neurons neprilysin fell with time in culture (Tampellini et al., 2011). M4;
single laboratory, not independently replicated.

The diseased synapse loses an activity-coupled clearance system. It is not making more; it is
disposing of less, and the disposal step that fails has a name.

That is already a statement about a proteolytic service, made in a different vocabulary. It is not
the service the switch account needs — neprilysin is an extracellular endopeptidase, not the
machine that removes Ephexin5 — but it establishes the programme's central shape: the lesion is
on the disposal side, and it is coupled to activity.
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4.3 The finding that closes the loop

In 2006, using two receptor systems as reporters, the group showed that amyloid accumulation in
precursor-mutant neurons impairs multivesicular-body sorting: receptor inactivation, degradation
and ubiquitin tagging were all impaired, and the evidence indicated that the accumulating amyloid
inhibits the proteasome and the deubiquitinating enzymes (Almeida et al., 2006).
M5/M4.

This is the single most important citation in the present paper, and it has never been read
against the switch literature.

Its structure within its own programme is a feedback loop with the wrong sign: the cargo
disables the machine that would clear the cargo, so a slow accumulation should accelerate rather
than plateau, and it requires no external driver once past threshold. That reading is correct and is
not disputed here.

Its structure across programmes is different and larger. Both transducers of the switch are
terminated by ubiquitin-dependent proteasomal degradation. A neuron in which the proteasome
and the deubiquitinating enzymes are inhibited by a retained intraneuronal pool is a neuron in
which both self-terminating transducers should accumulate. That is a prediction, and half of it has
already been observed: Ephexin5 protein is elevated in the hippocampi of human Alzheimer
patients and of hAPP mice (Sell et al., 2017). Disabled-1 has never, so far as we can determine, been
measured alongside it. Section 6 makes that the paper's primary discriminating experiment.

4.4 The compartment is loaded, distended and mis-sorting

The state of the multivesicular body matters to the switch because it is the route by which a
condemned receptor reaches the lysosome. Three observations describe that compartment in this
disease.

Amyloid-β42 localises predominantly to multivesicular bodies of neurons in normal mouse, rat
and human brain; in transgenic mice and in human Alzheimer brain, intraneuronal Aβ42 increases
with age and accumulates in multivesicular bodies within presynaptic and especially postsynaptic
compartments, associated with abnormal synaptic morphology before amyloid-plaque pathology
(Takahashi et al., 2002). M2. The peptide oligomerises within those processes and synapses
(Takahashi et al., 2004), and high-resolution reconstruction finds fibrils inside synapses
(Capetillo-Zarate et al., 2011).

The compartment enlarges as a consequence: amyloid accumulation causes multivesicular-body
enlargement, and the phenotype is reproduced by dominant-negative VPS4A — that is, by
disabling the packaging machinery directly (Willén et al., 2017a). ESCRT function regulates
precursor-protein sorting in multivesicular bodies and intracellular amyloid accumulation (Edgar et
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al., 2015). M5.

And the terminal step is under transcriptional control whose failure closes a further loop.
Transcription factor EB has an essential role in the lysosomal exocytosis of selected tau species; its
loss reduced interstitial-fluid tau and was associated with enhanced intraneuronal pathology and
accelerated spreading, establishing the route as clearance rather than release (Xu et al., 2021).
Separately, a tauopathy-associated carboxy-terminal fragment of tau blocks autophagic clearance
and lysosomal degradative capacity and inhibits nuclear translocation of transcription factor EB
(Pollack et al., 2024). Independently again, faulty autolysosome acidification in Alzheimer models
induces autophagic build-up of the peptide in neurons (Lee et al., 2022).

Four literatures, one direction: the compartment through which a spent receptor must pass in
order to be destroyed is loaded, enlarged, sorting-impaired and, in some models, unable to acidify.

4.5 Activity is the regulator, and the control loop is the lesion

Synaptic activity reduces the intraneuronal pool, promotes transport of the precursor to synapses
and protects against amyloid-related synaptic alterations (Tampellini et al., 2009). The programme's
most consequential experiment ran the manipulation in the opposite direction: two independent
means of chronic synaptic inhibition — surgical deafferentation of barrel cortex, and
benzodiazepine administration — both reduced plaques and made the animals worse,
exacerbating loss of the presynaptic marker synaptophysin in model but not normal mice and
worsening memory, in the setting of reduced plaques and elevated intraneuronal amyloid
(Tampellini et al., 2010). M4; a designed dissociation.

Plaque burden and synaptic-behavioural outcome were driven in opposite directions in the
same animals, and outcome followed the intraneuronal pool. Whatever else is true, the extracellular
deposit is not the variable that tracks function.

The switch account has a use for this that the original does not state. If the disposal service is
activity-regulated — and both the neprilysin coupling (Tampellini et al., 2011) and the dendritic
proteasome (Hamilton et al., 2017; Türker et al., 2024) are — then a neuron that is quiet is a
neuron whose switch resets slowly. Chronic inhibition is not neutral for a proteolytic clock. It is a
way of stopping it.
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4.6 What raises the retained pool, and why the list matters

At least eight causally independent conditions raise the retained intraneuronal pool: normal ageing,
through up-regulated internalisation of the precursor (Burrinha et al., 2021); apolipoprotein E4
(Konings et al., 2023; Nyberg et al., 2025); precursor-protein mutation (Sahlin et al., 2007);
disrupted sorting machinery (Edgar et al., 2015; Willén et al., 2017a); seeded aggregates (Olsson et
al., 2018; Roos et al., 2021); loss of the degrading enzyme (Tampellini et al., 2011); reduced synaptic
activity (Tampellini et al., 2009, 2010); and a prior intracellular load, in cells that have lost the
homeostatic correction (Roos et al., 2021).

Ageing is not apolipoprotein E4; a seed is not a mutation. What they share is where they arrive
— and, on the argument of Section 4.3, what they do to the proteasome when they arrive there.
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5. Three Joins

Each join below names a shared object, states what each literature contributes to it, and identifies
the measurement that would settle it.

5.1 Join one — the ubiquitin–proteasome system

Shared object: ubiquitin-dependent proteasomal degradation of a dendritic protein in a
pyramidal neuron.

The switch literature establishes that Ephexin5 is destroyed by a Ube3A-dependent
proteasomal route licensed by phospho-Y361 (Margolis et al., 2010), and that Disabled-1 is
destroyed by a receptor- and Fyn-dependent ubiquitin–proteasome route licensed by its own
activating tyrosine phosphorylation (Arnaud et al., 2003; Bock et al., 2004). The retention literature
establishes that a retained intraneuronal amyloid pool inhibits the proteasome and the
deubiquitinating enzymes (Almeida et al., 2006).

What the join asserts. In a loaded neuron, both self-terminating transducers should
accumulate, and they should accumulate in their phosphorylated, licensed-but-unexecuted form.

Why this is not already known. Ephexin5 elevation in human Alzheimer hippocampus is
documented (Sell et al., 2017), and it was attributed to a different cause: amyloid depletes EphB2
(Cissé et al., 2011), so the kinase that writes the licensing phosphorylation is lost, and the ligase is
never recruited. The two explanations make the same prediction for Ephexin5 and opposite
predictions for Disabled-1. If the elevation is caused by loss of the licensing kinase, Disabled-1
should be unaffected, since its licence is written by Fyn on a different receptor. If it is caused by
general proteasomal inhibition, Disabled-1 should accumulate too. A third possibility — that
amyloid acutely promotes Ephexin5 production, which the same paper reports — predicts elevated
transcript and an unchanged ubiquitination ratio.

The discriminating measurement. In the same human tissue, and in the same model
neurons: total and phospho-Y361 Ephexin5; total and phospho-tyrosine Disabled-1; the
ubiquitinated fraction of each; and ARHGEF15 and DAB1 transcript. Three outcomes, three causes,
one experiment.

5.2 Join two — the multivesicular body

Shared object: the multivesicular body of the postsynaptic compartment of a cortical or
hippocampal pyramidal neuron.



The Terminating Service AdultCognitiveDisease.com

20

The switch literature establishes that whether a receptor can transduce a second signal is decided
by sorting: retrieval and re-use, or delivery through the multivesicular body to the lysosome. The
retention literature establishes that this exact compartment, in this exact location, accumulates Aβ42
before plaques appear (Takahashi et al., 2002), enlarges as a result (Willén et al., 2017a), and sorts
its cargo badly when loaded (Almeida et al., 2006; Edgar et al., 2015).

What the join asserts. The disposal route for a spent receptor and the accumulation site for
the toxic species are the same address, and the loading of that address is predicted to prolong the
residence of condemned receptors rather than merely to store a peptide.

Why it matters more than it sounds. In the deficit framing, a loaded multivesicular body
is a toxic depot. In the switch framing it is a jammed off switch, and the consequence is a plasticity
consequence that does not require the peptide to be toxic at all. This is the strongest form the
retention programme's own thesis can take — one machine, two jobs — and it is available to that
programme without any claim about initiation.

The discriminating measurement. Surface half-life and internalisation-to-degradation
transit time of ApoER2 and of EphB2, measured in neurons with a defined intraneuronal load and
in matched neurons in which production is blocked. The prediction is that transit time rises and that
the effect is reversed by blocking production, as the receptor-withdrawal results were (Almeida et al.,
2005; Snyder et al., 2005).

5.3 Join three — the early endosome and the second signal

Shared object: retromer-dependent retrieval of a receptor from the early endosome.

The switch literature requires ApoER2 to cycle in order for the protective arm to fire
repeatedly, and documents two failures of that cycling — the ApoE4 recycling block, reversible by
NHE6 inhibition (Chen et al., 2010; Xian et al., 2018), and covalent ligand–receptor crosslinking,
which is not reversible by any sorting step (Ramsden et al., 2022). The retromer literature
establishes the machinery that performs the retrieval, the human genetics that makes its failure
causal, and a bidirectional animal intervention showing that depleting it strips synaptic glutamate
receptors and restoring it returns them (Qureshi et al., 2022; Andersen, de Waal et al., 2025).

What the join asserts. ApoER2 is a retromer cargo problem that nobody has treated as one.
The recycling block demonstrated for the ApoE4 route should also be produced by retromer or
SORLA deficiency, in the absence of ApoE4 — and if it is, then the commonest genetic risk factor
and the strongest rare-variant risk gene converge on the same receptor's re-usability by two
independent mechanisms.

The discriminating measurement. ApoER2 surface expression, recycling rate and
reelin-induced Disabled-1 phosphorylation, in SORL1-haploinsufficient human neurons of the kind
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already generated (Hung et al., 2021; Knupp et al., 2020), on an APOE ε3/ε3 background. If reelin
responsiveness falls with SORLA dose in the absence of ε4, the join holds and the two risk
architectures have a shared readout.

5.4 The joins in one table

Table 2 — Three joins at named objects

Join Shared object Switch side Endosomal side Settled by

1 Ubiquitin–proteasome
degradation of a dendritic
transducer

Ephexin5 and
Disabled-1 are each
condemned by their
activating
phosphorylation

Retained amyloid
inhibits the
proteasome and the
deubiquitinating
enzymes

Paired Ephexin5 /
Disabled-1 protein,
phospho- and
ubiquitin-state, plus
transcript

2 Postsynaptic
multivesicular body

Receptor
re-usability is
decided by sorting
to the lysosome

Aβ42 loads, distends
and mis-sorts this
compartment before
plaques

Transit time and surface
half-life of ApoER2 and
EphB2 against
intraneuronal load

3 Retromer-dependent
retrieval from the early
endosome

ApoER2 must cycle
for the protective
arm to fire twice

Retromer/SORLA
performs the retrieval;
loss is causal in
human genetics

Reelin-induced
Disabled-1
phosphorylation against
SORLA dose, on an
ε3/ε3 background
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6. Where the Accounts Disagree: Capacity
Against Specificity

This is the section a synthesis is most tempted to skip, and skipping it would make the rest worthless.

6.1 Both endosomal programmes are capacity accounts

The traffic jam is a scalar mechanism: retrieval slows, residency time rises, everything held there is
affected (Small et al., 2017). The loaded compartment is a scalar mechanism: the pool rises, the
proteasome and deubiquitinating enzymes are inhibited, sorting degrades across cargo (Almeida et
al., 2006). Both are deficit framings in the strict sense — one variable, one direction, all substrates.

The deficit framing is well supported for bulk cargo and is not disputed here. It is also the
dominant framing of proteostasis in this disease, and it predicts that everything degraded by the
affected machine should accumulate together.

6.2 The observation that a capacity account does not predict

Amyloid-β oligomers bind the fibronectin-repeat domain of EphB2 and trigger the receptor's
degradation in the proteasome; EphB2 depletion is critical in amyloid-induced neuronal
dysfunction, and restoring EphB2 in amyloid-bearing mice reversed impaired dentate potentiation
and memory deficits (Cissé et al., 2011). M3, bidirectional.

Set that against the elevation of Ephexin5 in the same disease and the same cell (Sell et al.,
2017), and the two do not sit on one scalar.

If proteolysis were simply failing, a receptor targeted for proteasomal degradation would be
spared. The observed direction is the opposite: amyloid achieves a gain of degradation by
presenting a substrate to an intact machine. In the same neuron and the same compartment, one
arm of ubiquitin-dependent degradation over-runs — removing a receptor the cell needs — while
the arm it was supposed to license under-runs, leaving in place an exchange factor the cell was
supposed to clear.

Any account with a single variable called "clearance" predicts that the receptor and the
transducers move together. They do not. The lesion alters the specificity of proteolysis, and a
measurement of total proteasome activity, total autophagic flux or total lysosomal enzyme content
cannot detect it.
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6.3 The reconciliation, and its cost

The two descriptions can both be true if they are lesions of different services with different time
signatures, and this is the reading proposed here.

The endosomal–lysosomal service sustains a capacity lesion. It is amyloid-independent in
origin — enlarged endosomes are absent in advanced presenilin-mutant familial disease (Cataldo et
al., 2000), and SORL1 depletion has been reported to impair endosomal traffic independently of
amyloidogenic processing (Knupp et al., 2020) — it carries the human genetic anchors (Andersen,
de Waal et al., 2025), and it is present decades before deposition. It sets the substrate on which
everything downstream runs.

The ubiquitin–proteasome service sustains, in addition to whatever capacity loss the
retained pool imposes, a specificity lesion that is gated on soluble amyloid: EphB2 is fed to an intact
proteasome, and the substrate it should have licensed is not.

The cost of this reconciliation is that it is an inference, not a finding, and it is graded as such
throughout. Its virtue is that it makes an ordering claim, and an ordering claim can be broken.
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7. Two Clocks, and the Order They Imply

The reconciliation of Section 6 yields a testable sequence.

Stage one — traffic-gated, amyloid-independent, decades early. Retrieval capacity
falls, by genotype (SORL1, APOE ε4) or by age. Endosome enlargement appears. Receptor
re-usability declines. No deposit is required, and in the one human form with maximal deposit this
stage is absent (Cataldo et al., 2000).

Stage two — load-gated. The retained intraneuronal pool rises by any of at least eight
independent routes, secretion falls, surface neprilysin is lost, and the proteasome and
deubiquitinating enzymes are inhibited (Tampellini et al., 2011; Almeida et al., 2006). Both
self-terminating transducers should now begin to accumulate.

Stage three — oligomer-gated, late. Soluble amyloid depletes EphB2 through the
proteasome (Cissé et al., 2011), removing the licence for the RhoA transducer's destruction
specifically. Ephexin5 rises further and in a form that is not merely un-degraded but un-licensed. The
specificity lesion is now established, and the mark at serine 3 becomes driven by chronic ligand
occupancy rather than gated by the tyrosine above it.

The ordering prediction. In a model carrying humanised precursor protein at endogenous
levels rather than an over-expressing transgene: endosomal enlargement and impaired ApoER2
recycling should precede accumulation of ubiquitinated Ephexin5, which should precede EphB2
loss and the rise of un-ubiquitinated Ephexin5, which should precede measurable dispersion of
phospho-serine-3.

How it fails. If Ephexin5 elevation is found to precede any detectable sorting abnormality, the
staging is wrong and the elevation must be explained transcriptionally. If ubiquitinated and
un-ubiquitinated Ephexin5 rise together, the two proteolytic lesions are not separable in time and
the two-clock reading collapses into a single deficit — in which case the capacity framing of Section
6.1 is sufficient and this paper's central distinction is unnecessary.

The knock-in requirement is not a technicality. Most of the retention programme's cellular
mechanism was established in animals engineered to over-produce the precursor protein — the
systems in which an accumulation account looks best. Knock-in models at normal expression exist
(Saito et al., 2014), the case has not been rebuilt in them, and the one published knock-in test went
against a prediction (Andersson et al., 2023). An ordering experiment in an over-expressing line
compresses stages one and two and cannot test the claim.
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8. Predictions

Table 3 — Predictions and refutation conditions

# Prediction If it fails

1 In loaded neurons and in human Alzheimer hippocampus,
Disabled-1 accumulates alongside Ephexin5, and both in
ubiquitinated form

General proteasomal inhibition is not
the operative mechanism; Ephexin5
elevation is kinase-loss or
transcriptional, and Join 1 fails

2 Restoring endosomal recycling — by NHE6 inhibition or
by retromer stabilisation — restores the excursion of
phospho-serine-3 to a plasticity stimulus, without a large
change in baseline

Repair of the receptor limb is
insufficient; the transducer limb must
carry the argument alone, and the
therapeutic emphasis of Section 10 is
wrong

3 SORL1-haploinsufficient human neurons on an ε3/ε3
background show reduced ApoER2 surface expression and
reduced reelin-induced Disabled-1 phosphorylation

ApoER2 is not a retromer-dependent
cargo in the relevant sense, and Join 3
fails

4 Intraneuronal load predicts transit time from
internalisation to degradation for ApoER2 and EphB2, and
blocking production reverses it

The multivesicular-body join is
anatomical coincidence rather than
mechanism

5 In a knock-in model at endogenous expression, sorting
abnormality precedes ubiquitinated-Ephexin5
accumulation, which precedes EphB2 loss and
un-ubiquitinated accumulation, which precedes dispersion
of phospho-serine-3

The two-clock reading collapses; a single
capacity deficit is sufficient

One methodological obstacle applies to predictions 1 and 5 and should be stated rather than
discovered. No validated antibody against phospho-Y361 of Ephexin5 is in general use, and
post-mortem tissue is a hostile substrate for phospho-epitopes with short half-lives. The paired
measurements above should therefore run first in perfusion-fixed animal tissue and in human
neuron models, with human post-mortem cortex as the confirmatory rather than the primary arm
— and any null result in post-mortem tissue read as uninformative rather than as refutation,
because the confound biases toward the null.
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9. What the Join Forbids

It forbids raising degradative flux across the board. This is the therapeutic instruction the
deficit framing makes natural, and on the present account it is predicted to harm in a specific case. If
the disease's lesion at this control surface is misdirection rather than shortage — an intact
proteasome being handed the wrong substrate — then increasing flux increases the rate of the arm
that is already over-running. The receptor whose loss the cell cannot afford is degraded faster; the
transducer that should be cleared is not, because it is not being presented. Blanket induction is only
safe if the specificity claim is false.

It forbids inducing autophagy in a neuron that cannot yet acidify. Faulty
autolysosome acidification is documented in Alzheimer models, with autophagic build-up of the
peptide in neurons (Lee et al., 2022), and a tau fragment inhibits nuclear translocation of
transcription factor EB (Pollack et al., 2024). Driving cargo into a terminal compartment that
cannot degrade it adds substrate to a jam. Re-acidify before inducing.

It forbids lowering Ephexin5 as a therapy. Heterozygous loss-of-function mutations in
ARHGEF15 cause autosomal-dominant hereditary cerebral small-vessel disease with osteoporotic
fracture, through RhoA/ROCK2 inactivation, with complete co-segregation in two families,
further variants in two sporadic cases, and a transgenic mouse recapitulating both pathologies (Ding
et al., 2023). Cerebral small-vessel disease is itself a leading cause of vascular dementia. The
proposed therapy is a phenocopy of a human dementing vasculopathy with skeletal fragility, and the
2025 revision adds that the protein is required for activity-driven spine growth (Petshow et al.,
2025), so the neuronal cost is ablation of the growth arm rather than removal of a brake.

It forbids total-protein readouts of either transducer. For a molecule whose
abundance and activity are two readings of one covalent mark, a western blot for total protein is not
a measurement of the quantity of interest. This applies retrospectively: the elevation reported in
human tissue is a total-protein result, and its interpretation is exactly what Join 1 is designed to
settle.

It forbids treating a phosphatase intervention as a substitute for a protease. A
drug that lowers a phosphorylation level does not remove the protein that the phosphorylation was
supposed to remove. Rho-kinase inhibitors exist and one is clinically available (Zheng et al., 2025);
on this account they address the mark and not the mechanism that ends the instruction.
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10. Scope, Weaknesses, and What Would
Sink the Argument

The "common" problem is the largest threat. If retromer-dependent recycling is causal but
not common in sporadic disease (de Waal et al., 2026), the retrieval arm of this account applies to a
genetically defined minority and the convergence claim shrinks accordingly. The argument survives
as a mechanism and weakens as a general account of Alzheimer's synaptic execution. This is not a
hedge; it is the specific thing to watch.

The cell type may be wrong for part of the argument. Four independent results now
place the SORL1 recycling lesion substantially in microglia (Gorniak-Walas et al., 2026; Haq et al.,
2026; Mishra et al., 2025; Lao et al., 2026), and one of them has microglia taking up synaptosomes
faster than they degrade them. A synapse can be lost because its own switch will not reset, or
because a phagocyte with a full lysosome keeps eating and cannot finish. These are different lesions
with a shared gene, and the present paper describes only the first.

Two load-bearing results are single-laboratory. The impaired-secretion and neprilysin
result (Tampellini et al., 2011) and the loss of homeostatic correction in already-loaded cells (Roos et
al., 2021) do not appear to have been independently reproduced outside the originating group, and
both carry weight in Section 4.

The measurement problem for intraneuronal amyloid is answered but not
closed. The standard immunoassay systematically underestimates the peptide once it has
assembled, because assembly hides the epitopes (Stenh et al., 2005), and detection difficulties have
made the topic controversial, with detergent in tissue processing capable of removing the pool
altogether (Gouras et al., 2012). Label-free structural methods agree qualitatively (Klementieva et
al., 2017, 2020) but none quantifies the pool absolutely. Any experiment in Table 3 that uses
intraneuronal load as an independent variable inherits this.

The over-expression dependence. Stated in Section 7 and repeated here because it
governs the ordering experiment, which is the paper's most consequential proposal.

The central positive claim is an inference. That the disease's lesion at this control
surface is misdirected rather than merely reduced proteolysis follows from two published findings
placed side by side (Cissé et al., 2011; Sell et al., 2017) and has not been tested directly. Join 1 is the
test.
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And nothing here explains onset. The account is compatible with amyloid-first, tau-first,
vascular-first and inflammatory-first origins, which is a weakness as well as a strength: a claim
compatible with every upstream story constrains none of them. The one ordering commitment it
makes is Section 7's, and it can be broken.
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11. Validity Ledger

Claim Source Maturity Bidirectional? Note

Synapse density is the
strongest structural
correlate of cognitive
impairment

Terry et al.,
1991

M2 — r = 0.96 multivariate;
plaques 26% of model
strength

Phospho-Y361 licenses
both RhoA bias and
Ube3A-dependent
degradation of Ephexin5

Margolis et
al., 2010;
Petshow et
al., 2025

M5 Yes The 2025 work inverts
the functional reading,
not the proteolytic
architecture

Activating tyrosine
phosphorylation of
Disabled-1 also targets it
for UPS degradation

Arnaud et al.,
2003; Bock et
al., 2004

M5 Yes Fyn required for both;
receptor engagement
required for degradation

Amyloid drives EphB2 into
the proteasome; restoring
EphB2 rescues
potentiation and memory

Cissé et al.,
2011

M3 Yes The observation a
capacity account cannot
predict

Ephexin5 protein is
elevated in human
Alzheimer hippocampus

Sell et al.,
2017

M2 — Total-protein readout;
cause unresolved between
three candidates

Retained intraneuronal
amyloid inhibits the
proteasome and
deubiquitinating enzymes,
impairing MVB sorting

Almeida et
al., 2006

M5 — Keystone of Join 1; two
reporter receptor systems

Aβ42 accumulates in
MVBs, especially
postsynaptically, before
plaques

Takahashi et
al., 2002

M2 — Human and transgenic;
electron microscopy

Amyloid accumulation
enlarges MVBs; phenotype
reproduced by
dominant-negative VPS4A

Willén et al.,
2017a

M5 — Establishes the packaging
machinery as sufficient

Secretion falls and surface
neprilysin is lost in
diseased neurons

Tampellini et
al., 2011

M4 — Single laboratory; not
independently replicated



The Terminating Service AdultCognitiveDisease.com

30

Claim Source Maturity Bidirectional? Note

Chronic synaptic
inhibition lowers plaques
and worsens synapses and
memory

Tampellini et
al., 2010

M4 Yes Designed dissociation;
two independent means
of inhibition

Enlarged early endosomes
are the earliest
disease-specific change;
absent in advanced PSEN
familial disease

Cataldo et al.,
2000

M2 — The presenilin control
establishes independence
from deposition

Truncating SORL1 variants
occur almost exclusively in
cases

Andersen, de
Waal et al.,
2025

M1 — Domain-mapped across
aggregated cohorts

SORL1 haploinsufficiency
enlarges endosomes in
human neurons; full loss
adds lysosomal and
autophagic failure

Hung et al.,
2021

M2 — Isogenic; relieved by
lowering APP

SORL1 depletion impairs
endosomal traffic
independently of
amyloidogenic processing

Knupp et al.,
2020

M2 — In unresolved tension
with the row above

VPS35 depletion strips
synaptic glutamate
receptors; repletion
restores them

Qureshi et al.,
2022

M3 Yes Also induces dystrophic
microglia independently
of tau

Raising SORLA reverses
tau pathology, synapse
loss and impaired LTP in
aged tauopathy mice;
deleting it worsens them

Huang et al.,
2026

M3 Yes Independent laboratory;
first direct animal test
against tau

Soluble SORL1 in CSF is
unchanged in sporadic
Alzheimer's disease
without a SORL1 variant

de Waal et
al., 2026

M2 — The "common" claim's
first direct human test

SORLA loss in human
microglia raises
phagocytic uptake of
synaptosomes while
lowering degradation

Mishra et al.,
2025

M2 — Relocates part of the
lesion to the clearing cell



A Proteolytic Switch at the Dendritic Spine September 2026

31

Claim Source Maturity Bidirectional? Note

ApoE4 blocks ApoER2
recycling; NHE6 inhibition
reverses it and restores
reelin's synaptic
modulation

Chen et al.,
2010; Xian et
al., 2018

M3 Yes Compartment repaired,
signalling returned

Peroxidation crosslinks
ApoE to ApoER2
ligand-binding modules

Ramsden et
al., 2022

M5 — Driven-reaction
chemistry; human
evidence
immunohistochemical

ARHGEF15 heterozygous
loss of function causes
dominant cerebral
small-vessel disease with
osteoporosis

Ding et al.,
2023

M1 — Two families, two
sporadic cases, transgenic
mouse

The disease's lesion at this
control surface is
misdirected rather than
reduced proteolysis

This paper,
from Cissé
2011 + Sell
2017 +
Almeida 2006

Inference — Untested; Join 1 is the
test

The three lesions are
ordered: sorting, then load,
then oligomer-gated
specificity

This paper Inference — Requires a knock-in
model; fails cleanly
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12. Conclusion

The dispute over the direction of cofilin phosphorylation in Alzheimer's disease has run for a decade
in human tissue and will not be settled at that residue, because two antagonistic pathways write the
same mark. One layer above it sits a control surface with an unusual property: both of its opposed
transducers are condemned by the phosphorylation that activates them, so the surface is switched
off by destruction rather than by dephosphorylation, and its temporal control is vested in the
proteolytic machinery rather than in the signalling machinery.

That relocates the question. A signalling system whose off switch is a protease is only as fast as
its disposal service, and the condition of that service in this disease is not a matter for speculation.
Two laboratory programmes have described it in detail, from two directions, for four decades —
one from the retrieval end, with the human genetics that carries direction of causation, and one
from the terminal end, with the electron microscopy that puts the peptide in the compartment
through which a spent receptor must pass. Neither has been read as an account of a switch, because
until recently the switch was not described as proteolytic; and the switch literature, in turn, has
assumed the disposal service to be intact.

The most consequential single item in this intersection has been available since 2006, in a paper
about receptor sorting: a retained intraneuronal pool inhibits the proteasome and the enzymes that
remove ubiquitin tags. If that is true in the dendrite of a pyramidal neuron, then the two transducers
that govern spine actin should both be found accumulating there, in licensed but unexecuted form
— and one of them already has been, in human tissue, attributed to a different cause. The
measurement that distinguishes the causes is a paired blot on tissue that already exists.

What the joined account is not is a theory of how the disease begins. The retrieval lesion arrives
decades early and without amyloid; the load arrives by at least eight independent routes; the
specificity lesion is gated on soluble oligomer and therefore late. Three different clocks, one control
surface, and a symptom that appears when the surface can no longer issue a brief instruction. A
reader looking for what starts Alzheimer's disease will not find it here. A reader asking why a
synapse that is still fully wired stops being able to change should find the machinery named.
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