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Abstract

In June 2022 the University of Texas at San Antonio awarded four gold Oskar
Fischer Prizes of $500,000 each. One went to Bess Frost, for the proposition
that neurodegeneration in Alzheimer's disease and related tauopathies follows
from what pathogenic tau does to the three-dimensional packaging of DNA,
and from what that in turn does to a neuron's ability to hold its own identity 1.
The entry itself was never published. There is no title, no text, no deposited
document; the nearest published proxy is a sole-author review written the
following year 2.

This paper takes that thesis seriously enough to test it, and then asks a question
it does not ask itself. If pathogenic tau relaxes heterochromatin, two things
follow that the programme has treated as one. The first is that silenced
repetitive sequence is released, which supplies nucleic acid a cytosolic sensor
could read — the ligand. The second, entirely separate, is that the nucleosome
landscape on which cyclic GMP-AMP synthase sits inert is itself degraded,
which would release the enzyme — the tether. The programme has pursued the
first and has never considered the second, because the second was not known
when the programme began: the structural basis of cGAS restraint by the
nucleosome was published in 2020 3, six years after the founding paper 4.

We then propose a third element neither arm contains. cGAS-deficient mice
age prematurely and show de-repression of LINE-1 elements and a smoothed
heterochromatin landscape 5. If that is right, the enzyme helps maintain the
very structure that holds it inactive. Tau relaxes chromatin; chromatin
relaxation frees the enzyme; a freed enzyme no longer maintains chromatin;
more sequence escapes. We name this the Silencer–Tether loop, state it as a
hypothesis with four identified points of failure, and give the experiments that
would break it.

Three findings complicate all of this and are stated at the front rather than
buried. The only demonstrated sensor for tau-driven element-derived nucleic
acid in a mammalian neuron is ZBP1, not cGAS 6. The direction of the human
chromatin change in Alzheimer's disease is disputed, with at least two human
studies reporting that the repressive mark H3K9me3 is increased 7, 8. And no
laboratory has ever measured cGAS localisation, chromatin occupancy or
nucleosome tethering in a neuron of any species. The tether arm of this paper
is therefore a prediction. It is presented as one.

https://news.utsa.edu/2022/06/alzheimers-researchers-awarded-4m-in-oskar-fischer-prizes-from-utsa/
https://doi.org/10.1016/j.tins.2023.07.006
https://doi.org/10.1038/s41586-020-2748-0
https://doi.org/10.1038/nn.3639
https://doi.org/10.1038/s43587-026-01206-y
https://doi.org/10.1038/s41593-026-02299-9
https://doi.org/10.1111/acel.13153
https://doi.org/10.1007/s00018-023-04845-1
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1. A Prize Without a Document

The Oskar Fischer Prize was an unusual instrument. It asked for explanations
of Alzheimer's disease rather than for experiments, judged whole theories
rather than results, and paid for them. In June 2022 four gold awards of
$500,000 were made, to Carlo Abbate, Estela Area-Gomez, Bess Frost and
Ralph Nixon 1. The awarding institution summarised Frost's submission in
one sentence: that neurodegeneration in Alzheimer's disease and related
tauopathies results from the consequences of pathogenic forms of tau for the
three-dimensional packaging of DNA, and that this restructuring affects the
cellular identity of brain cells and drives their death.

That sentence is all there is. The entry was not published, is not indexed,
and has no title in the public record. A prize was given for a document nobody
outside the committee has read. What exists instead is a published body of
work, some of it before the award and some after, and one sole-author review
that argues the same thesis at length: that Alzheimer's disease and related
tauopathies are disorders of disrupted neuronal identity 2. Throughout this
paper that review is treated as the best available proxy, and never as the entry
itself. Its claims are graded by the primary work beneath them, not by the fact
of the prize.

The programme it summarises has four arms, and they were not built in
the order in which they are usually presented. The first was chromatin: a 2014
paper reporting that pathogenic tau causes global relaxation of
heterochromatin and that restoring heterochromatin in the fly reduces
degeneration 4. The second was the nuclear lamina, framed as an acquired
laminopathy by analogy to progeria 9. The third was transposable elements —
the sequences that heterochromatin exists to silence — and their release as the
toxic consequence of relaxation 10, 11. The fourth was RNA metabolism more
broadly 12. A fifth, therapeutic, arm followed from the third: if the elements
are reactivated and reverse-transcribed, a reverse-transcriptase inhibitor
should help 13.

This paper is about the junction between the third arm and something
outside the programme entirely. Alzheimer's disease has a well-documented
innate-immune component; cyclic GMP-AMP synthase and its adaptor are

https://news.utsa.edu/2022/06/alzheimers-researchers-awarded-4m-in-oskar-fischer-prizes-from-utsa/
https://doi.org/10.1016/j.tins.2023.07.006
https://doi.org/10.1038/nn.3639
https://doi.org/10.1080/19491034.2016.1183859
https://doi.org/10.1146/annurev-neuro-082823-020615
https://doi.org/10.1016/j.conb.2020.01.012
https://doi.org/10.1016/j.pneurobio.2023.102500
https://doi.org/10.1038/s44400-024-00001-z
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among the most-discussed molecules in that literature 14, 15, 16. If tau relaxes
chromatin and releases silenced repetitive sequence, then the chromatin
programme is producing, as a by-product, exactly the class of molecule that
this sensor exists to detect. That connection has been made in outline by third
parties 17 and never worked out.

There is a second connection, and it has not been made at all. A word on
why we are not starting from the immunology. The downstream signature —
interferon-stimulated gene induction — cannot identify the sensor that
produced it, because three unrelated adaptors converge on the same
transcription factor through the same phosphorylation motif 18. Any
argument that runs from an interferon signature backwards to cGAS is invalid
on its face. The argument in this paper therefore runs forwards, from
chromatin, and is tested at each link rather than at the end.

One further piece of housekeeping. Two attributions circulate in this area
and both are wrong. The founding paper is Frost, Hemberg, Lewis and Feany;
Michael Hutton was an author on the original fly tauopathy model 19, not on
the chromatin paper. And the 2018 human study linking tangle burden to
retrotransposon expression across 636 brains is from Joshua Shulman's
laboratory 20, not Frost's — which makes it one of the most important
independent results in the programme's favour, and it is routinely
miscredited in a way that erases that independence.

2. The Claim, Stated as a Chain

A theory is easier to assess when it is written as a sequence of links, each of
which could be false on its own. The chromatin programme, as its own
reviews state it 2, 21, is the following chain.

Link 1. Pathogenic tau accumulates and stabilises filamentous actin 22.

Link 2. Excess stable actin uncouples the cytoskeleton from the
nucleoskeleton, mislocalising lamin and expanding the nucleoplasmic
reticulum 23.

Link 3. Nuclear architecture having failed, heterochromatin relaxes:
repressive marks are lost and silenced regions open 4.

https://doi.org/10.1126/science.1232458
https://doi.org/10.1126/science.1229963
https://doi.org/10.1038/nature07317
https://doi.org/10.1016/j.tins.2022.12.003
https://doi.org/10.1126/science.aaa2630
https://doi.org/10.1126/science.1062382
https://doi.org/10.1016/j.celrep.2018.05.004
https://doi.org/10.1016/j.tins.2023.07.006
https://doi.org/10.1016/j.tcb.2014.07.005
https://doi.org/10.1038/ncb1528
https://doi.org/10.1016/j.cub.2015.11.039
https://doi.org/10.1038/nn.3639
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Link 4. Sequence that heterochromatin was silencing is transcribed — in
particular transposable elements, their silencing further degraded by loss of a
small-RNA pathway 24.

Link 5. Element transcripts, and any DNA made from them, are toxic;
neurons die; cognition follows 25.

Each link has a different evidential character, and the differences are large.
Link 1 is causal in fly with bidirectional genetic control and observational in
mouse. Link 2 is causal in fly. Link 3 is causal in fly, corroborative in mouse,
and correlational in human. Link 4 is causal in fly for the small-RNA arm,
correlational in human, and — in its strongest independent form — causal in
mouse with a different mechanism 6. Link 5 has no demonstration in
Alzheimer's tissue at all.

This paper adds two links the programme does not contain, and it is
important to be clear that they are additions rather than readings.

Link 3a — the ligand. If Link 3 holds, the neuron's cytoplasm may acquire
repeat-derived nucleic acid. Part II asks whether the measurements that
report this are capable of supporting it.

Link 3b — the tether. Independently of Link 4, if Link 3 holds then the
nucleosome landscape itself is altered. That matters because cGAS in a resting
cell is not a cytosolic sentinel awaiting misplaced DNA; it is predominantly
nuclear and held inactive by direct binding to the nucleosome acidic
patch 26, 27. A change in that landscape is, in principle, a change in the
restraint. Part III asks what is actually known about this, and the answer is that
a great deal is known in dividing cells and nothing at all in neurons.

Link 3c — the loop. If cGAS itself contributes to maintaining
heterochromatin — and the cGAS-null mouse is reported to show
de-repressed LINE-1 elements and a smoothed heterochromatin landscape 5

— then Links 3, 3a and 3b are not a chain but a cycle. Part IV states that cycle
and tries to break it.

Two framing decisions follow. First, we do not treat "cGAS-STING is
activated in Alzheimer's disease" as a premise. It is a downstream observation
with at least four candidate upstream sources, and the interferon readout
cannot discriminate between them 18. Second, we do not treat the fly as a weak
version of the mouse. The fly is where the causal genetics are, and the causal
genetics are the strongest part of the programme; the weakness is that almost

https://doi.org/10.1038/s41593-018-0194-1
https://doi.org/10.1002/ana.410300410
https://doi.org/10.1038/s41593-026-02299-9
https://doi.org/10.7554/eLife.47491
https://doi.org/10.1038/s41586-020-2749-z
https://doi.org/10.1038/s43587-026-01206-y
https://doi.org/10.1126/science.aaa2630
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nothing in the mammalian or human arm reproduces the mechanism, as
opposed to the phenotype.

3. Three Facts That Complicate It Before It
Is Stated

A synthesis that arranges its inconvenient findings at the end has already
decided its conclusion. The three below are placed here, before the argument,
because each is capable of defeating a portion of it.

First: the demonstrated sensor is ZBP1, not cGAS. In 2026 a fully
independent group — Zhejiang, Xiamen and Tsinghua, with no author from
the Frost, Feany, Dubnau or Shulman laboratories — reported the most
complete version of this chain that exists in a mammal 6. In PS19 mice, tau
aggregates bind H3K9me3-marked chromatin and sequester the mark away
from HP1, constitutive heterochromatin decondenses, transposable elements
are de-repressed, the resulting endogenous Z-form RNAs activate ZBP1, and
neurons die. This is a stronger result than anything in the programme's own
mammalian work. It independently reproduces the heterochromatin premise,
the element-reactivation step, and the nucleic-acid-to-innate-immune-death
axis — and the sensor it identifies is not the one this paper is about, and the
mechanism of relaxation it identifies is not the one the founding paper
proposed. Any argument for cGAS here must explain why a second sensor is
needed when one has already been demonstrated, and must accept that
Z-RNA sensing is now the incumbent hypothesis rather than the challenger.

Second: the direction of the human chromatin change is disputed. The
founding paper reports heterochromatin loss in post-mortem Alzheimer's
brain, by immunostaining of H3K9me2 and HP1 with de-repression inferred
from bulk transcriptomics 4. At least two independent human studies report
the opposite for H3K9me3: elevated condensation in sporadic Alzheimer's
cortex, supported by chromatin immunoprecipitation sequencing 7, and
increased global H3K9me3 in orbitofrontal cortex at early stages with loss
only late 8. A third, in dentate granule cells, finds the same early increase 28.
Neither of the first two frames itself as a refutation and neither cites the
conflict, which is itself worth noticing. The reconciliations one would reach

https://doi.org/10.1038/s41593-026-02299-9
https://doi.org/10.1038/nn.3639
https://doi.org/10.1111/acel.13153
https://doi.org/10.1007/s00018-023-04845-1
https://doi.org/10.3390/ijms232112873
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for — different marks, different regions, different stages, cell-type
heterogeneity, antibody and assay differences, neuronal dilution by glia in
bulk tissue — are tested by none of these papers. The most consequential
version of this problem is therapeutic: in a tau mouse, the repressive mark
H3K9me2 and its methyltransferase are elevated, and an inhibitor that reduces 
repressive marks rescues behaviour 29. That is the exact opposite prescription
to the one the programme implies.

Third: cGAS tethering has never been measured in a neuron. This is a
negative, and it was established by direct search rather than assumed. Every
published study of nuclear cGAS tethering used dividing cells — dendritic
cells, HeLa, U2OS, embryonic stem cells — or purified components 26, 30, 3.
Every study that localises cGAS activity in brain places it in microglia or
astrocytes 31. There is no published measurement of cGAS subcellular
localisation, chromatin occupancy or nucleosome association in a neuron of
any species. The tether arm of this paper is therefore not a re-reading of
existing data. It is a prediction about an unmeasured quantity, and it is
labelled as one wherever it appears.

Three further negatives belong with these, stated once here and used
throughout. No laboratory other than the originating one has reported piwi or
piRNA depletion in a tau model or in tauopathy brain 24. No study has
demonstrated validated somatic element insertions in Alzheimer's neurons;
the entire human literature is transcript-, protein- or copy-number-based.
And no paper shows DNA or nucleosomes in the cytoplasm of a neuron by
any route — not budding 32, not nucleophagy 33, not rupture.

https://doi.org/10.1111/acel.13456
https://doi.org/10.7554/eLife.47491
https://doi.org/10.1016/j.celrep.2019.01.105
https://doi.org/10.1038/s41586-020-2748-0
https://doi.org/10.1038/s41586-023-06373-1
https://doi.org/10.1038/s41593-018-0194-1
https://doi.org/10.1016/j.cell.2012.03.032
https://doi.org/10.1016/j.cub.2017.10.054
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4. How Evidence Is Graded Here

Every factual claim in this paper carries one of four labels, applied explicitly at
the point of use and collected in the ledger at the end.

Established — demonstrated by direct measurement, with a control that
could have produced the opposite result, and reproduced by at least one
group with no shared senior author. Example: tau is present in nuclei isolated
from human brain 34.

Proposed — asserted by at least one primary study, with the experiment
that would confirm it identifiable and not yet done, or done only in a system
that cannot answer for the one in question. Example: nuclear-envelope
invaginations in tauopathy serve an RNA-export function 35.

Unevidenced — no primary measurement exists in any system relevant to
the claim. Example: the chromatin occupancy of cGAS in a neuron. Novel
integrations advanced in this paper begin here by definition and are marked
as such.

Contradicted — at least one adequately powered study reports a result
inconsistent with the claim, and the inconsistency is unresolved. Example: the
direction of the H3K9me3 change in human Alzheimer's cortex 7.

Three axes are recorded alongside every experimental claim, because in
this literature they carry more information than the claim itself.

Species. Drosophila, mouse, human post-mortem, human induced neuron,
human clinical. The programme's causal architecture is almost entirely
invertebrate; its mammalian and human components are almost entirely
observational. Both halves of that sentence matter and neither is a criticism on
its own.

Cell state. Dividing or post-mitotic. This distinction does more work in this
paper than any other. A dividing cell rebuilds its nuclear envelope and re-lays
its chromatin at every mitosis; a neuron does neither, and its nuclear pore
scaffolds and lamins are among the longest-lived proteins in the body 36, 37.
Mechanisms that require replication stress, mitotic missegregation or
micronucleus formation are simply unavailable to a neuron, and a large

https://doi.org/10.1016/0197-4580(95)00023-8
https://doi.org/10.1111/acel.12847
https://doi.org/10.1111/acel.13153
https://doi.org/10.1016/j.cell.2013.07.037
https://doi.org/10.1016/j.cell.2008.11.037
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fraction of the cGAS literature is built on exactly those mechanisms 38, 39.
Whenever a result is imported from a dividing cell, it is marked D, and the
import is argued rather than assumed.

What was measured. Transcript, protein, DNA copy number, integrated
insertion, chromatin mark, occupancy, phenotype. The distinction between
transcript and insertion, and between copy number and integration, is the
hinge of Part II, and the literature blurs it constantly 40.

Two conventions about negatives. First, a failure to find something in a
systematic search is reported as a failure of search, not as proof of absence —
but the searches behind the negatives in Chapter 3 were direct and returned
nothing, and a claim that cannot be supported after a direct search is not
available for use as a premise. Second, negative and contradictory results are
given the same prominence as positive ones, in the body rather than in a
limitations paragraph. Where a replication failed, it is named 41. Where a
correction or erratum exists, it is cited alongside the original 42, 43, 44, 45.

Finally, a note on what this paper is not. It is not a review of the
Alzheimer's innate-immunity literature, which has been reviewed
elsewhere 46. It is not a defence of the chromatin programme, and it is not an
attack on it. It is an attempt to determine which parts of it will bear weight,
and to work out what follows if the parts that bear weight are joined to a body
of structural biology that the programme has not yet met.

https://doi.org/10.1038/nature23449
https://doi.org/10.1038/nature23470
https://doi.org/10.1186/s13100-018-0128-1
https://doi.org/10.1186/s40478-019-0698-2
https://doi.org/10.1038/s41588-020-00733-7
https://doi.org/10.1186/s13059-016-1015-z
https://doi.org/10.1016/j.celrep.2019.03.049
https://doi.org/10.1038/s41586-026-10959-w
https://doi.org/10.1172/JCI204550
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Part I

The Silencer

The chromatin programme evaluated as a body of evidence:
what each experiment shows, in which species, and what has

been independently reproduced
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5. The Founding Experiment, Arm by Arm

The 2014 paper is the load-bearing document of the whole programme, and it
is better than its critics allow and weaker than its citations imply 4. It has three
arms and they should be read separately, because only one of them is causal.

The fly arm. In Drosophila expressing human tau, heterochromatin is lost:
repressive marks and HP1 decline, and genes normally held silent are
transcribed. The causal work is genetic. Restoring heterochromatin — by
manipulating the machinery that establishes it — reduces neurodegeneration.
Upstream, the paper places oxidative stress and DNA damage: reactive species
generated by tau-driven mitochondrial dysfunction damage DNA, and the
damage response relaxes chromatin. That upstream link is not invented for
the occasion; it comes from the same laboratory's earlier work showing that
excess stabilised actin impairs mitochondrial fission 47, and from a parallel
paper placing p53 and the DNA-damage response at the centre of tau toxicity
in the same model 48. As fly genetics this is a coherent, internally controlled
argument, and it is the part of the programme that has held up best.

The mouse arm. Tau transgenic mice show the same direction of change
in heterochromatin marks. This is corroborative rather than causal: no
manipulation restores heterochromatin in the mouse and asks whether
degeneration abates. That experiment has still not been done, twelve years
later, by anyone.

The human arm. Post-mortem Alzheimer's brain shows reduced
H3K9me2 and HP1 by immunostaining, and bulk transcriptomic analysis
shows that genes lying in heterochromatically silenced regions are
over-represented among those de-repressed. This is the arm that is cited as
though it were the finding, and it is the weakest of the three. Immunostaining
of post-mortem tissue for a repressive mark is quantitatively fragile; the
transcriptomic inference is bulk tissue, in a disease that changes cell
composition dramatically; and no manipulation is possible. It is an
association, and the paper says so.

What the paper does not do — and this is a point in its favour rather than
against it — is claim that the human arm establishes causation. That claim was
made later, by the field, in citation.

https://doi.org/10.1038/nn.3639
https://doi.org/10.1016/j.neuron.2012.06.026
https://doi.org/10.1073/pnas.1419083111
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Two other features deserve recording. First, there is no correction,
erratum or retraction on this paper, and none on any paper in the
programme; the checks were made against comment-and-correction records
for every major primary paper. Second, it is heavily cited, and the citations
are overwhelmingly affirmative. This matters for a reason that will recur: a
claim can be widely believed, never retracted, and still never independently
tested in the system that matters.

The strongest independent corroboration of the fly arm comes from a
laboratory with no connection to either the Feany or the Frost groups, in
India, which reproduced tau-induced heterochromatin relaxation in fly and
identified a genetic modifier that suppresses both the relaxation and the
degeneration 49, with a companion result on a second modifier pointing the
same way 50. That is real independent replication of Link 3 — in the fly.

6. What the Fly Carries and What It
Cannot

The entire causal architecture of this programme sits on one model organism,
and on one paper within it. In 2001 the Feany laboratory showed that
expressing human tau in Drosophila produces progressive, adult-onset
neurodegeneration without neurofibrillary tangles 19. That negative result is
what licensed everything afterwards: if degeneration does not require the
aggregate, then some non-aggregate function of tau must be doing the
damage, and the search for it is legitimate.

https://doi.org/10.1007/s12035-016-9858-6
https://doi.org/10.1007/s11033-022-07498-8
https://doi.org/10.1126/science.1062382
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The chain as the programme states it

tau
pathogenic

species

F-actin
stabilised

nucleoskeleton
lamin

mislocalised

heterochromatin
relaxed

elements
de-repressed

neuron
dies

What each link rests on

fly
, ca

usal

mammal, c
ausal

human

independent

tau stabilises F-actin
the disease-brain rods are a different object

actin uncouples the nucleoskeleton
no mammalian test of the mechanism

heterochromatin relaxes
two fly replications; human direction disputed

silencing layer fails (piRNA)
unreplicated in eight years

elements are de-repressed
measurement cannot exclude passenger reads

element nucleic acid kills the neuron
shown in mouse — through ZBP1, not cGAS

An open circle marks a single unreplicated study; a cross marks a demonstration the argument needs and no paper supplies.

The two links this paper adds

the ligand
relaxation supplies repeat-derived nucleic acid a sensor

could read

never measured in a neuron

the tether
relaxation degrades the nucleosome surface that holds

cGAS inert

never measured in a neuron

Neither addition is a reading of existing data. Both are predictions, and both are labelled as such throughout.

Figure 1. The chromatin programme is a sequence of links, each of which can fail on its own. Every causal
demonstration in the sequence is invertebrate; every human demonstration is correlational; and the one
complete mammalian chain was built by an unconnected laboratory, by a different mechanism, and ends
at a different sensor. The two links this paper adds are shown below the sequence, and neither has been

measured in any neuron. Sources: 4, 22, 23, 24, 20, 6.

The fly is a genuinely powerful instrument here, and three properties make it
so. Neurons in the adult fly brain are post-mitotic, which removes the
dividing-cell confound that contaminates most of the chromatin and
innate-immunity literature. Genetic manipulation is cheap enough that a
claim can be tested bidirectionally — increase the factor, decrease it, and see
whether degeneration follows the factor. And lifespan is short enough that

https://doi.org/10.1038/nn.3639
https://doi.org/10.1038/ncb1528
https://doi.org/10.1016/j.cub.2015.11.039
https://doi.org/10.1038/s41593-018-0194-1
https://doi.org/10.1016/j.celrep.2018.05.004
https://doi.org/10.1038/s41593-026-02299-9
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age-dependent processes can actually be observed, which is why the first
demonstration that transposable elements activate with age and that this
tracks memory loss and lifespan was made in flies, by Dubnau's group, and
independently of tau 51. The same laboratory later showed element activation
contributing causally to degeneration in a fly model of a different
proteinopathy, rescued by pharmacological reverse-transcriptase inhibition 52

— which is where the therapeutic logic later applied to Alzheimer's actually
originates.

The methodological ceiling for fly work in this lineage was set by a 2018
paper that used site-directed insertion to equalise expression across five
disease mutations and analysed both sexes 53. That is the standard against
which a fly causal claim should be read, and not every paper in the
programme meets it.

What the fly cannot carry is more specific than "it is not a human". Three
things.

It does not have the same silencing machinery. Even in the fly, the brain does
not silence transposable elements the way the gonad does: in larval brain the
job is done by a small-interfering-RNA and Argonaute pathway, not by
piRNAs 54. A fly result about piwi in neurons therefore does not transfer to the
mammalian brain by way of "flies use piRNAs", because in the relevant tissue
they largely do not.

It does not have the same elements. The retroelement that propagates
degeneration between cells in the fly is an infectious-capable endogenous
retrovirus with no direct human counterpart 55. Findings about it are about a
biology humans do not have.

It does not have cGAS. This is decisive for the present argument. Insect
innate immunity uses a cyclic-dinucleotide-based system with deep
homology to the vertebrate one, but the specific arrangement in which a
nucleotidyltransferase sits on nucleosomes and is held inactive is a vertebrate
arrangement 56. Nothing about the tether can be learned in a fly.

The honest summary is that the fly establishes that chromatin relaxation
can be causal for neurodegeneration in a post-mitotic neuron. It does not
establish that it is causal in a human neuron, and it cannot address the enzyme
this paper is about.

https://doi.org/10.1038/nn.3368
https://doi.org/10.1371/journal.pgen.1006635
https://doi.org/10.1523/JNEUROSCI.1550-17.2017
https://doi.org/10.3390/cells14171361
https://doi.org/10.1038/s41467-023-36649-z
https://doi.org/10.1016/j.celrep.2013.05.008
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7. From Actin to the Nucleoskeleton

Link 1 of the chain is that pathogenic tau stabilises filamentous actin. The
source is a 2007 paper showing tau-induced F-actin accumulation and
actin-rich rods in fly and mouse tauopathy models, with bidirectional genetic
modulation of actin levels modifying degeneration in the expected
direction 22. As fly genetics it is strong. Two caveats follow it everywhere and
are usually dropped.

The first is that it is from the same laboratory that later produced the
chromatin model, so it is not independent corroboration of that model — it is
its premise, supplied in-house.

The second is more substantive. The actin rods actually characterised in
Alzheimer's brain are cofilin–actin rods, and they are induced by reactive
oxygen species, amyloid-β and cytokines through a pathway that does not
require tau at all 57. Their biochemistry is specific and well described — a
roughly one-to-one cofilin-to-actin stoichiometry, disulfide-dependent
bundling, induction by oxidative and inflammatory stimuli 58. Whether these
are the same physical object as the tau-induced F-actin bundles is not
established. "Tau causes actin rods" and "there are actin rods in Alzheimer's
brain" are two sentences about possibly different things, joined in the
literature by a shared noun.

Link 2 is the bridge from cytoskeleton to nucleoskeleton: excess stable
actin uncouples the LINC complex, lamin is mislocalised, and the nuclear
envelope invaginates into the nucleoplasmic reticulum 23. The fly genetics
here are causal and the human component is post-mortem correlation. The
proposed mechanism has independent support of a partial kind: tau does bind
and co-organise actin and microtubules, shown by nuclear magnetic
resonance and electron microscopy in one independent laboratory 59 — a
point we note the primary literature establishes in purified systems only.

The mechanical prediction of the model — that pathogenic tau should
reduce tension across the nuclear envelope — was tested directly with a
fluorescence-resonance tension sensor and confirmed 60. That is a real and
unusual thing to do: the model made a biophysical prediction and the
prediction held. The system was a transformed inducible cell line rather than

https://doi.org/10.1038/ncb1528
https://doi.org/10.1038/35023579
https://doi.org/10.1002/cm.21282
https://doi.org/10.1016/j.cub.2015.11.039
https://doi.org/10.1038/s41467-017-02230-8
https://doi.org/10.3389/fragi.2023.1058968


The Silencer and the Tether AdultCognitiveDisease.com

18

a neuron in a brain, and the readout is tension rather than chromatin state, but
the logic is the right logic.

The most recent extension identifies emerin, a mechanically sensitive
inner-nuclear-membrane protein, as elevated by pathogenic tau, and shows
that raising emerin alone is sufficient to produce neurotoxicity, increased
F-actin and nuclear invagination in inducible-tau and mutant induced
neurons 61. This is the most mechanistically specific result the programme has
produced in a human-derived cell, and it is a year old with no in vivo arm and
no independent replication.

The status of Link 2, then: proposed, causal in fly, mechanically
corroborated in a cell line, with a competing mechanism for the same
phenotype described below.

8. The Laminopathy Analogy and Its
Load-Bearing Assumption

The framing that gives the programme its rhetorical force is the analogy to
progeria: Alzheimer's disease as an acquired neurodegenerative laminopathy 9.
The analogy is doing real work, and it rests on an assumption that is correct
and on an inference that is not.

The assumption is correct. Heterochromatin in a differentiated cell is
physically held at the nuclear periphery, and the tether is not incidental.
Genetic dissection in mouse tissues established that two tethers operate
sequentially — a lamin B receptor tether early, and a lamin A/C tether in
terminally differentiated tissue 62. In a terminally differentiated cell,
therefore, peripheral heterochromatin depends on lamin specifically. That a
neuron can build and hold a radically non-default chromatin arrangement is
not in doubt: rod photoreceptors of nocturnal mammals maintain an inverted
nucleus with heterochromatin in the centre 63, and Hi-C with polymer
modelling shows that heterochromatin self-attraction sets the compartments
while lamina attachment converts that into the conventional peripheral
arrangement 64. Lamina attachment is the switch between the two
architectures.

https://doi.org/10.1080/19491034.2026.2697135
https://doi.org/10.1080/19491034.2016.1183859
https://doi.org/10.1016/j.cell.2013.01.009
https://doi.org/10.1016/j.cell.2009.01.052
https://doi.org/10.1038/s41586-019-1275-3
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What is inferred rather than established is that the progeria mechanism
transfers. In Hutchinson–Gilford progeria fibroblasts, mutant lamin A causes
lamina thickening, nuclear lobulation and loss of peripheral heterochromatin
that worsens with each passage 65, and the epigenetic consequences are
exactly what the analogy wants: loss of pericentric H3K9me3 and HP1α, with
upregulation of satellite repeat transcripts 66. Lamin fails, repeats escape. That
is the argument.

Three problems.

The cells divide. The passage dependence in the original description is not a
detail; it is the mechanism. And when the progeria phenotype was traced to an
innate-immune output, the trigger turned out to be replication fork stalling in
dividing fibroblasts 67. A neuron has no replication forks. This single fact is the
most important limit on transferring the progeria story to brain, and it is
rarely stated in the reviews that make the transfer.

The sign is not reliable. Prelamin A stabilises a histone methyltransferase and
thereby increases H3K9me3, and depleting that methyltransferase extends
progeroid lifespan by roughly sixty per cent 68. So within progeria itself, the
relationship between lamin dysfunction and the repressive mark runs in both
directions depending on what is measured, and reducing the mark can be
beneficial. Any model that treats "more heterochromatin, better" as an axiom
has to confront this.

Nobody has looked in a progeria brain. There is no published study of
heterochromatin, repeat elements or interferon in progeria neurons or
progeria brain tissue. The natural experiment the analogy invokes has not
been performed in the tissue the analogy is about.

There is, however, one large-scale human result that supports the
lamina–chromatin axis directly and deserves more weight than it usually gets.
In 669 human prefrontal cortices, tau burden — and specifically not amyloid
— is associated with changes in nearly a quarter of assayed histone-acetylation
domains, and the effect size of those changes correlates with how strongly the
domain associates with the nuclear lamina 69. That is human, large-n,
tau-specific, and it says the lamina matters. It is association, it measures
acetylation rather than constitutive heterochromatin, and it is bulk tissue. It is
still the best human evidence the programme has.

https://doi.org/10.1073/pnas.0402943101
https://doi.org/10.1073/pnas.0602569103
https://doi.org/10.1016/j.celrep.2018.01.090
https://doi.org/10.1038/ncomms2885
https://doi.org/10.1038/s41593-018-0291-1
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9. The Envelope Arm and Its Three
Replications

If one arm of this programme has been independently reproduced, it is this
one — and what has been reproduced is the phenotype, not the mechanism.

The programme's own contribution is a fly experiment showing that
tau-induced expansion of the nucleoplasmic reticulum traps polyadenylated
RNA at the envelope, and that genetic or pharmacological inhibition of RNA
export reduces both the trapped RNA and neuronal death 35. A companion
paper links the same invaginations to depletion of nuclear calcium 70, and a
third to failure of nonsense-mediated decay 71. None of the three has been
independently replicated.

The invagination phenotype itself has been replicated three times, by
three unconnected groups, and each proposed a different mechanism.

Cambridge and UCL. Human induced cortical neurons carrying tau
mutations show nuclear membrane deformation and nucleocytoplasmic
transport failure, fully corrected by depolymerising microtubules, with a high
incidence of invaginations confirmed in post-mortem frontotemporal
dementia cortex 72. Causal, in a human neuronal system — and the defect is
located in microtubules, not actin.

Massachusetts General Hospital. Tau binds nucleoporins directly; transport is
impaired in tau mice and in human Alzheimer's tissue; Nup98 mislocalises to
tangle-bearing neurons 73. The mechanism here is not deformation at all but
direct interference with the pore, and the same group later extended the
mislocalisation to three other primary tauopathies 74. Worth noting for
priority: nuclear irregularity in Alzheimer's hippocampus, scored by
nucleoporin labelling, was described twelve years earlier 75.

University of Virginia. The most recent and the closest to a direct replication
of the lamin work: human post-mortem staging showing lamina disruption
from early Braak stages, PS19 mice showing oligomeric tau binding the lamin
B receptor with electron-microscopy-confirmed invaginations and chromatin
remodelling, and optogenetically induced oligomerisation in human induced

https://doi.org/10.1111/acel.12847
https://doi.org/10.1016/j.celrep.2020.107900
https://doi.org/10.1002/alz.12653
https://doi.org/10.1016/j.celrep.2018.12.085
https://doi.org/10.1016/j.neuron.2018.07.039
https://doi.org/10.1093/braincomms/fcac334
https://doi.org/10.1097/01.jnen.0000195939.40410.08
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neurons 76. Concordant phenotype; competing mechanism — the lamin B
receptor rather than LINC-complex uncoupling.

Three independent replications of a phenotype with three different
proposed mechanisms is a specific epistemic situation, and it is a good one for
the phenotype and a poor one for the mechanism. The invaginations are real.
Why they are there is unsettled, and the programme's version — mechanical
uncoupling through stabilised actin — is one of at least three live accounts,
and the only one whose causal demonstration is invertebrate.

One further result belongs here because it points at the repair side.
Bidirectional CRISPR screens identify the nuclear-envelope repair machinery
— the ESCRT and LEM-domain components — as modifiers of tau
aggregation 77. That is the strongest link between envelope repair and
tauopathy in existence, and it was performed in dividing human cell lines.
Whether a neuron even expresses enough of that machinery to reseal a
rupture over decades is, as far as we can determine, unmeasured. The
canonical repair demonstrations are all in dividing, mechanically confined
cells 78, where lamin depletion raises rupture frequency and chromatin is seen
herniating through the opening 79, and the authoritative review of the
machinery describes no instance of envelope repair in a neuron 80.

10. The piRNA Arm and the Pathway That
May Not Exist

This is the weakest link in the programme, and it is weak in an unusual way:
not contradicted, but unreplicated and resting on a pathway whose existence
in the relevant cell is contested.

The claim is that pathogenic tau causes depletion of piwi and piRNAs, that
this removes a layer of transposable-element silencing, and that element
de-repression then kills neurons 24. The causal genetics are in fly and are
internally coherent; the human component is expression-level correlation.
The claim was received as significant — a research highlight in a major journal
asked directly whether tau pathology activates jumping genes 81 — and the fly
work was extended to mouse by the same laboratory, showing age- and
tau-associated endogenous retrovirus activation at RNA and protein level 82.

https://doi.org/10.1007/s00401-026-03018-1
https://doi.org/10.1016/j.celrep.2022.111249
https://doi.org/10.1126/science.aad7611
https://doi.org/10.1126/science.aad7297
https://doi.org/10.1038/s41580-019-0177-4
https://doi.org/10.1038/s41593-018-0194-1
https://doi.org/10.1038/s41582-018-0056-1
https://doi.org/10.1016/j.pneurobio.2021.102181


The Silencer and the Tether AdultCognitiveDisease.com

22

Four problems, in ascending order of severity.

Nobody has replicated it. Systematic search across piRNA, PIWI, Alzheimer's,
tauopathy and human brain returns the original paper, reviews citing it, and
unrelated work on pathway variants as biomarkers. No other laboratory has
reported piwi or piRNA depletion in a tau model or in tauopathy brain. Eight
years is a long time for a striking result in a heavily worked field to stand
alone.

The mammalian somatic pathway is thinly evidenced. The authoritative review
of the field states plainly that piRNAs silence transposons in the germ line of
most animals and that somatic piRNA functions have been repeatedly lost,
gained and lost again across evolution 83. The mammalian neuronal evidence
consists of a limited set of hippocampal small RNAs identified before the
misannotation problem was understood 84, a survey reporting thousands of
"piRNA-like peaks" — the authors' own hedge — using genuine chemical
enrichment 85, and a knockdown study whose readout is contextual fear
memory with no transposon measurement whatsoever 86.

A large share of somatic "piRNAs" are misannotated fragments. Reanalysis of
small-RNA sequencing against piRNA databases showed that many database
piRNAs in somatic non-gonadal tissue, brain included, are piRNA-sized
fragments of ribosomal, transfer and small nuclear RNAs, and that these
account for the majority of apparent somatic piRNA expression 87. The same
group then demonstrated the problem concretely, showing that a headline
somatic piRNA biomarker was in fact a full-length small nucleolar RNA 88.
Any measurement of "piRNA depletion" made by counting reads against a
piRNA database is exposed to this.

The intuition comes from animals that are not mammals. Much of the rhetorical
force of "neuronal piRNAs" derives from Aplysia, where a piwi- and
piRNA-dependent mechanism methylates a transcription-factor promoter
and enhances long-term facilitation 89. That is a mollusc, and the mechanism
is gene regulation rather than transposon control. And in the fly brain — the
system where the tau result was obtained — element silencing runs through
Argonaute and small interfering RNAs rather than piRNAs 54.

None of this shows the claim is false. It shows that the claim presupposes a
mammalian neuronal piRNA-based silencing pathway whose existence is not
established, and that no independent group has reproduced the observation.
Status: proposed, unreplicated, and dependent on a contested pathway.

https://doi.org/10.1038/s41576-018-0073-3
https://doi.org/10.1261/rna.2565011
https://doi.org/10.1080/15592294.2019.1600389
https://doi.org/10.1016/j.nlm.2019.04.002
https://doi.org/10.1038/s42003-017-0001-7
https://doi.org/10.1261/rna.078444.120
https://doi.org/10.1016/j.cell.2012.02.057
https://doi.org/10.3390/cells14171361
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What is far better established is the layered silencing that demonstrably
does operate in neural cells: KRAB zinc-finger proteins with their
corepressor 90, that corepressor controlling endogenous retroviruses in neural
progenitors by histone modification rather than methylation 91, thousands of
primate-specific elements serving as its docking platforms in human neural
progenitors 92, the H3K9me3 methyltransferase arm 93, and the
HUSH–MORC2 corepressor, which becomes load-bearing only where DNA
methylation has already failed 94. If a silencing layer fails in tauopathy, these
are the candidates for which mammalian neural evidence actually exists —
and none of them is the one the programme names.

11. A Replication Scorecard

Pulling the previous six chapters together produces an uneven picture, and
the unevenness is the point. Some claims in this programme have been
reproduced by unconnected laboratories in mammals; others have stood
alone for a decade; one has been independently reproduced in a mammal
with a different mechanism and a different sensor.

Table 1 — The replication scorecard — each claim, who reproduced it, and
in what system

Claim Originating
evidence

Independent
replication

Species
of causal
arm

Status

Tau stabilises F-actin Fly and mouse,
bidirectional
genetics

Structural
binding
confirmed in
vitro, different
lab

Fly Established for
fly; the
disease-brain
rods are a
different object

Actin excess
uncouples
nucleoskeleton,
mislocalises lamin

Fly causal,
human
correlation

None of the
mechanism

Fly Proposed

Tau reduces nuclear
envelope tension

Tension sensor,
inducible cell
line

None Cell line Proposed

https://doi.org/10.1242/dev.132605
https://doi.org/10.1016/j.celrep.2014.12.004
https://doi.org/10.1016/j.celrep.2016.12.010
https://doi.org/10.3390/v12060596
https://doi.org/10.1038/s41467-024-50765-4


The Silencer and the Tether AdultCognitiveDisease.com

24

Claim Originating
evidence

Independent
replication

Species
of causal
arm

Status

Nuclear envelope
invaginates in
tauopathy

Fly, mouse,
human
post-mortem

Three, all
independent,
three different
mechanisms

Human
induced
neurons,
mouse

Established
(phenotype);
mechanism
disputed

Invaginations serve
RNA export

Fly causal None Fly Proposed

Tau relaxes
heterochromatin

Fly causal,
mouse
corroborative,
human
correlation

Fly, twice,
independent;
mammal once,
by mark
sequestration

Fly,
mouse

Established in
fly;
contradicted in
direction in
human

Tau depletes piwi and
piRNAs

Fly causal,
human
correlation

None in eight
years

Fly Proposed,
unreplicated

Tau activates
transposable elements

Fly, mouse,
human

Human n=636
independent;
mouse causal
independent;
several human
cohorts

Fly,
mouse

Established as
association;
measurement
contested

Element-derived
nucleic acid kills
neurons

Fly Mouse,
independent,
via ZBP1 and
Z-RNA

Mouse Established for
ZBP1 route

Tau depletes nuclear
calcium

Fly causal,
human
correlation

None Fly Proposed,
unreplicated

Tau impairs
nonsense-mediated
decay

Fly causal,
human
correlation

None Fly Proposed,
unreplicated

Emerin links
mechanotransduction
to tau toxicity

Human induced
neurons, causal

None (2026) Cell Proposed

Four observations about this table.

First, there is no published dispute. There is no retraction, correction,
erratum, Matters Arising, rebuttal letter or published failed replication against
any paper in this programme. Searches for letters and comments pairing tau
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with chromatin, heterochromatin, lamin or retrotransposon return nothing.
What exists instead is a body of work reporting results that point the other
way, published without ever naming the programme 7, 29, 95. Whether that
reflects consensus, disciplinary politeness, or simply that nobody has
attempted the direct replication, the record does not say — and the distinction
matters, because the three readings have very different implications for how
much weight the programme should bear.

Second, the strongest independent result is also the most awkward one. 
The 2026 mouse study reproduces the heterochromatin premise, the
element-reactivation step and the death step — in a mammal, causally, with
no shared authorship — and in doing so replaces both the proposed
mechanism of relaxation and the proposed sensor 6.

Third, the human arm of every row is correlational. Not one row has a
human causal demonstration. That is not unusual for a neurodegenerative
disease and is not a criticism of the laboratory; it is a constraint on what the
programme can be said to have shown.

Fourth, the unreplicated rows cluster. Nuclear calcium,
nonsense-mediated decay, RNA export through invaginations, piRNA
depletion — four proposed downstream consequences, each demonstrated
once, in fly, by one laboratory. A programme that generates many
mechanisms and independently confirms few is in a specific epistemic
position, and it is not the position its citation profile suggests.

https://doi.org/10.1111/acel.13153
https://doi.org/10.1111/acel.13456
https://doi.org/10.1038/srep33047
https://doi.org/10.1038/s41593-026-02299-9
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Part II

The Ligand

Whether the elements the programme releases have been
measured well enough to serve as the nucleic acid a sensor

would read
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12. What Was Actually Measured

The programme's central downstream claim is that transposable elements are
activated in Alzheimer's disease. Before asking whether that is true, it is worth
asking what "activated" has been taken to mean, because the word covers at
least five distinct physical quantities and the literature moves between them
without marking the transitions.

Transcript. RNA that maps to element sequence. This is what nearly every
study in the Alzheimer's literature measures.

Protein. The element-encoded proteins: the RNA-binding ORF1p, and the
reverse transcriptase and endonuclease ORF2p.

Extrachromosomal DNA. Complementary DNA made from element RNA
that has not integrated. For an innate-immune argument this is the interesting
species, because it is DNA and it is in the cytoplasm.

Copy number. Total element-derived DNA per genome, measured by
quantitative PCR. It cannot distinguish integrated insertions from
unintegrated complementary DNA — which is the single most consequential
ambiguity in the field 40.

Integrated insertion. A completed retrotransposition event, validated at a
specific locus with its structural signatures.

The chain from transcript to insertion has five steps, and the evidence
thins at each one. In Alzheimer's brain the human literature is entirely
transcript-, protein- or copy-number-based. No study has reported validated
somatic element insertions in Alzheimer's neurons — not by single-cell
sequencing, not by targeted capture, not by any method. That is a gap of a
different kind from "the effect size is modest"; it is the absence of any
measurement of the quantity the theory's downstream steps require.

The element proteins are worth pausing on, because the programme's
therapeutic arm depends on one of them. The reverse transcriptase has
proved extraordinarily difficult to detect as a protein. In tumours with
hundreds of genetically proven somatic insertions — cells that demonstrably
retrotranspose — a rigorous search using mass spectrometry, immunoblot,

https://doi.org/10.1186/s13100-018-0128-1
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immunoprecipitation and immunohistochemistry with five validated
monoclonal antibodies could not find it, despite abundant ORF1p 96. If the
enzyme is nearly imperceptible where retrotransposition is proven, inferring
its presence in brain from transcript data is not a small extrapolation.

The enzymatic measurement, however, does exist, and it is more
interesting than either side of that argument expects. In 2025 a study assayed
reverse-transcriptase activity biochemically in cerebral cortex from 31
Alzheimer's and non-diseased brains, alongside targeted long-read sequencing
and spatial transcriptomics 97. Four of its results bear directly on this chapter,
and they do not point the same way.

Reverse-transcriptase activity is present in every human brain assayed. The gap
the field has worked around for a decade is closed: the activity is real, it is
higher in grey matter, and it correlates with neuronal expression of the
element open reading frame.

It is lower in Alzheimer's disease than in aged controls. The authors attribute
this to neuronal loss in terminal disease, which is a reasonable confound and
also exactly the cell-composition problem raised throughout this part. Either
way, the direction is the opposite of what a model of disease-driven
retroelement reactivation predicts.

Full-length, bicistronic L1 transcripts were essentially absent. They constituted
under 0.01 per cent of L1 sequences in most samples, and more than eighty
per cent of L1 sequence recovered was non-coding. What is present instead
are monocistronic transcripts of the two open reading frames separately. This
is the passenger-transcript problem of the next chapter, confirmed in brain
tissue by long reads.

And the enzyme is not one enzyme. More than 550 protein-encoding sequence
variants of the reverse-transcriptase reading frame were recovered — more
than twice the number in the reference genome — spanning a roughly
fifty-fold range of activity in overexpression assays. "Reverse-transcriptase
activity in brain" is therefore not a single quantity, and an assay that measures
its sum is measuring a mixture whose composition can change without its
total changing.

The comparable measurement in the neighbouring disease is much
weaker and is worth stating for contrast: the only direct enzymatic
measurement in an amyotrophic lateral sclerosis cohort is in serum, and its

https://doi.org/10.1186/s13100-019-0191-2
https://doi.org/10.1523/JNEUROSCI.2298-24.2025
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own internal control undercuts the disease-specific reading, since a large
fraction of unaffected blood relatives were also positive — which the authors
note is compatible with an inherited endogenous retrovirus rather than a
disease process.

The programme is not naive about this. Its own reviews describe the
elements as a candidate mechanism rather than a demonstrated one 10, and
the laboratory's recent move to long-read sequencing in both human tissue 98 
and fly brain 99 is a direct response to the measurement problem set out in
the next chapter. Long reads span whole transcripts, and spanning a whole
transcript is what settles whether a repeat-mapping read is autonomous or a
passenger.

13. Ninety-Nine Per Cent Passenger

In 2017 a group combined RNA sequencing with long-range 5-prime RACE
and long-read sequencing to ask a simple question: of all the RNA in a cell that
maps to L1 sequence, how much actually originates from an L1 promoter? The
answer was that at least ninety-nine per cent does not 100. The overwhelming
majority of L1-mapping signal is element fragments carried passively inside
other cellular transcripts — introns, untranslated regions, read-through — and
only a handful of loci produce authentic promoter-driven element transcripts,
differing by tissue.

This result is the hinge of the whole field, and it is not a technicality. If a
disease changes the expression of genes that happen to contain element
fragments, an assay that counts element-mapping reads will report that
"element expression is increased" when nothing about the elements has
changed at all. The two hypotheses — autonomous element transcription
rises, and host genes containing element fragments are more expressed — are
observationally indistinguishable under subfamily-level quantification.

The canonical statement of the wider problem is a review that lays out
three distinct difficulties: multi-mapping of reads across near-identical copies;
insertional and internal sequence polymorphism between individuals; and the
need to discriminate autonomous transcripts from chimeric and pervasive
transcription 101. The mappability component is better than often feared — at
common read lengths, between 68 and 88 per cent of annotated elements are

https://doi.org/10.1146/annurev-neuro-082823-020615
https://doi.org/10.1002/alz.70852
https://doi.org/10.1186/s12864-025-12111-w
https://doi.org/10.1093/nar/gkw1067
https://doi.org/10.1038/s41576-020-0251-y
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uniquely mappable 102 — but the residual unmappable fraction is enriched
for exactly the young, intact elements the disease claims concern.

Two further results make the picture harder rather than easier. Global
DNA demethylation in human neural progenitors activates only
evolutionarily young hominoid-specific L1s, while older L1s and other
element classes stay silent 103: silencing is layered and element-age-specific, so
a subfamily-level average blurs together sequences under completely
different control. And at single-locus, single-molecule resolution, intronic
element methylation turns out to be tied to host-gene transcription, with
hypomethylation alone typically insufficient to trigger expression because of
redundant silencing 104. The same conclusion emerges from locus-level
chromatin analysis: only a subset of "transitional" loci are responsive to
epigenetic dysregulation at all, and hypomethylation predicts expression
poorly 105.

The implication for this paper's argument is specific and it cuts against the
argument. If heterochromatin relaxation is to supply a ligand for a cytosolic
sensor, it must produce authentic, autonomous transcription of intact
elements capable of being reverse-transcribed — not a rise in read counts that
could equally reflect host-gene changes at loci that were never silenced by
heterochromatin in the first place. Almost none of the Alzheimer's literature
can distinguish the two.

14. The Tools, and the One Never Applied
Here

The field built tools to address this, and it is worth being precise about what
each can and cannot resolve, because the choice of tool determines which
claims a dataset can support.

https://doi.org/10.1186/s13100-019-0172-5
https://doi.org/10.1038/s41467-019-11150-8
https://doi.org/10.1016/j.xgen.2024.100498
https://doi.org/10.1093/nar/gkac013
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Table 2 — Quantification methods and what each can and cannot resolve

Method What it resolves What it cannot
resolve

Used in
Alzheimer's
brain?

Subfamily-level
expectation
maximisation

Ambiguous read
assignment across
near-identical copies

Autonomous
transcription versus
co-transcribed
fragments; locus
identity

Yes — most
published
claims rest on it

Locus-level short-read
pipelines

Which specific
insertion a read came
from; transcript type
and splicing context

Whether a read
spanning only part of
an element is
autonomous

Occasionally

Bayesian
locus-resolved
endogenous retrovirus
quantification

Specific retroviral
insertions

Same short-read span
limit

In adjacent
diseases

Consensus-specific
filtering that excludes
exonised fragments

Whether an apparent
change reflects
host-gene expression

Absolute abundance of
genuinely
autonomous
transcripts

No

Long-read priors
inside expectation
maximisation

Multi-mapping, with
long-read-informed
weighting

Requires matched
long-read data

No

Direct long-read
sequencing of native
RNA

Whether a transcript is
autonomous or
embedded, end to end

Depth; cost; degraded
post-mortem RNA

Beginning to
be

Single-cell or
single-nucleus
quantification

Cell type of origin Three-prime-biased
short reads are the
worst substrate for the
autonomy question

Yes

The first row is where nearly all published Alzheimer's claims sit. The tool that
reassigns ambiguously mapped reads by expectation maximisation is
excellent at what it was built for, and it aggregates to the element subfamily —
which is precisely the resolution at which autonomous and passenger
transcription cannot be separated 106. The first locus-level pipeline
demonstrated explicitly that subfamily-level analyses lose differences relating
to transcript type, host-gene expression and splicing 107, and a Bayesian
equivalent set the standard for locus-resolved retroviral quantification 108.

https://doi.org/10.1093/bioinformatics/btv422
https://doi.org/10.1093/nar/gky1301
https://doi.org/10.1371/journal.pcbi.1006453
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Then there is the fourth row. A tool exists that was built specifically for the
objection raised in the previous chapter: it excludes reads deriving from
inactive element fragments embedded in canonical transcripts, so that an
apparent change in element expression cannot simply reflect a change in
host-gene expression 109. As far as we can determine, it has never been
applied to an Alzheimer's cohort. Neither has the approach that uses
long-read abundance as a prior inside the reassignment step 110.

That is the single most actionable finding in this part of the paper. There
are published Alzheimer's datasets. There is a tool built for the exact confound
those datasets are exposed to. Nobody has run one on the other. Until a
headline Alzheimer's result is reproduced under consensus-specific filtering
or by long-read sequencing, "transposable element expression is increased in
Alzheimer's disease" and "genes containing element fragments are more
expressed in Alzheimer's disease" remain the same observation.

Two qualifications, so this is not overstated. First, the programme has
begun moving to long reads on its own account, in human tissue and in fly 98,
and that is the right response. Second, a subfamily-level result is not thereby
wrong — it is unresolved. The best-powered dataset in the adjacent disease
used subfamily-level quantification and produced a finding that is both
striking and appropriately modest: across 148 post-mortem cortices, only
about one patient in five shows a retrotransposon-high molecular
signature 111. That is what a careful use of a blunt tool looks like.

15. The Baseline Nobody Subtracts

Suppose the measurement problem were solved tomorrow. There would still
be a prior question, and it is the one most often skipped: what is the normal
amount?

Three results establish that the baseline is high.

Protein. Whole-brain atlas mapping with deep-learning quantification, plus
mass spectrometry of endogenous mouse ORF1p, shows widespread,
neuron-predominant ORF1p at steady state in normal brain — and that it
increases with age 112. The human arm is transcript-level and confined to one
neuronal population, and the protein measured is ORF1p rather than the

https://doi.org/10.1093/bioinformatics/btac526
https://doi.org/10.1186/s13059-025-03522-9
https://doi.org/10.1002/alz.70852
https://doi.org/10.1016/j.celrep.2019.09.066
https://doi.org/10.7554/eLife.100687
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reverse transcriptase. Still: the element-encoded protein is a normal
constituent of a normal neuron.

Transcription. Multiomics across developing and adult human brain, with
functional testing in cerebral organoids, shows that L1 promoters are
physiologically active in normal human brain, generating hundreds of
developmentally regulated, cell-type-specific chimeric and regulatory
transcripts 113. Element transcription in brain is not an escape; in part it is a
function.

Comparative abundance. The healthy brain has the highest
retroelement-derived expression of any somatic tissue 114.

Put together, these mean that detecting element RNA or ORF1p in an
Alzheimer's brain is not a finding. The finding has to be a difference, against
carefully age-matched controls, measured at locus level, in a defined cell type.
And there is at least one careful attempt to do something close to that, which
found the difference to be small: comparing young, aged and Alzheimer's
post-mortem brain, only one repeat was differentially expressed between
aged and young and eight between disease and aged, with a satellite repeat
showing the largest change 115. That is a modest, well-bounded result, and it is
the opposite in spirit to the "storm" framing that circulates.

The storm framing comes from a longitudinal study of twenty-five
individuals sampled before and after clinical conversion, reporting 1,790
differentially expressed element transcripts 116. The limits are severe and are
frequently dropped when it is cited: the tissue is peripheral blood, not brain;
the cohort is twenty-five; the pipeline is custom. A related blood study across
healthy, mild cognitive impairment and Alzheimer's reports a non-monotonic
pattern 117 — interesting, and also blood.

There is also a developmental constraint that deserves more weight than it
gets. When a corepressor was deleted in vivo in mouse cortical progenitors,
endogenous retrovirus transcription rose and produced a genuine
inflammatory response — a causal demonstration of exactly the kind the
disease argument needs 118. But the same study reported that the dynamic,
H3K9me3-dependent regulation of those elements operates in proliferating
progenitors and not in adult neurons. If that generalises, the adult neuron is
less poised for de-repression than the model assumes, and the window in
which this machinery is load-bearing is developmental.

https://doi.org/10.1126/sciadv.adh9543
https://doi.org/10.1016/j.semcdb.2020.11.001
https://pubmed.ncbi.nlm.nih.gov/41157902/
https://doi.org/10.1007/s11357-022-00580-w
https://doi.org/10.1007/s11357-025-01765-9
https://doi.org/10.15252/embj.2020106423
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The honest statement of the baseline problem: the normal brain is full of
element-derived RNA and protein, that amount rises with normal ageing, at
least one silencing layer is developmental rather than adult, and the
disease-associated increment — when measured carefully, at locus level,
against age-matched controls — may be single-digit.

16. A Laboratory Against Itself

The most instructive result in this literature is a contradiction produced by
one group, working carefully, in two directions.

In 2025, single-nucleus transcriptome and accessibility data from
Alzheimer's prefrontal cortex showed element transcripts broadly increased
across cell types, with the largest retrotransposon increases in excitatory
neurons and element loci more accessible in disease 119. This is the best
cell-type-resolved evidence in the field and it supports the programme's claim
in the right cell.

In 2026, the same laboratory reanalysed RNA sequencing from isolated
human and mouse microglia and found element transcripts stable across most
of the human lifespan, minimal change in Alzheimer's versus age-matched
controls, and — in transgenic mice — pathology-associated decreases 120. The
authors state the contrast with whole-tissue results explicitly.

Two readings are possible and they have different consequences.

The charitable reading for the programme is that the two results are
consistent: elements rise in neurons and not in microglia, which is what a
neuron-intrinsic chromatin mechanism predicts. That reading is available and
it is the one we would adopt if the assays were equivalent.

They are not equivalent. Single-nucleus data are three-prime-biased short
reads — the worst possible substrate for distinguishing autonomous element
transcription from intronic read-through — and they are computationally
deconvolved from a tissue whose cell composition is dramatically altered by
the disease. The isolated-microglia data are physically sorted. A whole-tissue
or nucleus-deconvolved increase is exactly what a shift in cell proportions
would produce, and Alzheimer's brain loses neurons and gains reactive glia.

https://doi.org/10.1007/s12035-025-05140-9
https://doi.org/10.1111/acel.70653
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Two studies from a laboratory sympathetic to the hypothesis, using different
designs, give opposite answers in the cell type they overlap on. That is a
cell-composition confound demonstrated rather than merely hypothesised.

The independent cohorts do not resolve it. A large study across three brain
biobanks identified 26,188 element expression quantitative trait loci and a
causal element modulating a complement gene in induced neurons 121 —
impressive scale, still bulk. A second from the same group offers an alternative
upstream driver entirely, reporting herpesvirus-associated element activation
in ageing brain with two large post-mortem cohorts and an antiviral
alleviating element activation in a tau cell model 122. That is a friendly rival
hypothesis for the same downstream phenomenon and should be treated as
one.

And one well-designed independent study points at a different cell
altogether: elevated L1 in Alzheimer's, with ORF1p immunoreactivity in
microglia, and causal activation in human induced microglia altering
morphology, cytokine secretion and phagocytosis 123. Concordant on element
activation, divergent on the cell of origin — and the programme's causal
claims are neuronal.

The state of the evidence is therefore: element activation in Alzheimer's
brain is repeatedly reported, has never been measured with a method that can
exclude the passenger-transcript confound, has a demonstrated
cell-composition confound, and is attributed to different cell types by
different well-designed studies.

https://doi.org/10.1002/alz.14164
https://doi.org/10.1002/alz.14595
https://doi.org/10.1007/s00401-024-02835-6
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17. From Transcript to Insertion

Even granting every transcript measurement, the programme's downstream
steps require something transcript data cannot supply. Reverse transcription
must happen, and complementary DNA must accumulate somewhere a
sensor can reach it, and — for the mutational version of the argument —
insertions must occur.

The rate of somatic insertion in the normal human brain is the subject of
the field's defining dispute, and it is unresolved.

The high estimate comes from single-cell retrotransposon capture
sequencing of human hippocampal neurons: 13.7 somatic L1 insertions per
neuron 124. Bulk-tissue capture had earlier reported thousands of putative
somatic insertions across hippocampus and caudate 125.

The low estimate comes from single-neuron sequencing with rigorous
internal controls — genome-wide insertion profiling of 300 neurons with
better than eighty per cent recovery of known germline insertions as a validity
check — giving fewer than 0.6 unique somatic insertions per neuron, with
most neurons having none 126.

The dispute was made formal in 2016, when a reanalysis of the
high-estimate data identified single-cell amplification chimeras,
bioinformatic errors and validation failures, concluded that thousands of
apparent somatic mutations were artefacts, and revised the rate to roughly 0.2
events per neuron — about fifty-fold lower than claimed 127. That reanalysis
has not been withdrawn and the discrepancy has not been resolved. Any
argument that invokes somatic retrotransposition in disease inherits it.

The most rigorous positive result available is instructive precisely because
of how modest it is: combining locus-level methylation analysis with three
independent single-cell genomic approaches across 24 hippocampal neurons,
one somatic insertion was characterised and validated with its transduction
signature 128. One event, from twenty-four neurons, validated to a standard
nothing else in the field meets.

Three further constraints.

https://doi.org/10.1016/j.cell.2015.03.026
https://doi.org/10.1038/nature10531
https://doi.org/10.1016/j.cell.2012.09.035
https://doi.org/10.7554/eLife.12966
https://doi.org/10.1016/j.molcel.2019.05.024
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Not every element-associated change is an insertion. Machine-learning analysis
of single-cell sequencing identified somatic L1-associated variants, a
substantial fraction of which are deletions produced by element endonuclease
cutting rather than insertions 129. "L1-associated genomic change" and
"retrotransposition" are different categories, routinely merged downstream.

The permissiveness results use engineered elements. The founding
demonstrations of neuronal retrotransposition used a codon-optimised,
highly active engineered reporter in neural stem cells and transgenic mice 130,
extended to human neural progenitors with an endogenous copy-number
arm 131, and later shown to work in non-dividing human neurons 132. These
establish that the cell is permissive for a hot engineered element. They do not
measure endogenous activity.

Somatic mosaicism in neurons is real and is mostly something else. Single-cell
sequencing of cortical neurons shows substantial somatic mutation,
dominated by transcription-associated single-nucleotide variants rather than
retrotransposition 133. The genome of a neuron does change with age.
Retroelements are a minor contributor.

The closest disease precedent is schizophrenia, where element copy
number was reported increased in sorted prefrontal neurons 134 — and copy
number carries the unintegrated-complementary-DNA ambiguity, which a
principal of the high-rate camp has himself proposed may account for most
such signals in neurological disease 40.

For the innate-immune argument, there is a saving grace and it should be
stated. If the cytosolic DNA is what matters, then unintegrated
complementary DNA is the desirable species, not an artefact. The ambiguity
that ruins the mutational argument is irrelevant to the sensing argument.
What is needed for the sensing argument is a direct measurement of
cytoplasmic element-derived DNA in a neuron — and that has been done in
one system: in a nuclease-deficiency model, human induced neural cells
accumulate element-derived cytosolic single-stranded DNA, secrete
interferon, and are rescued by reverse-transcriptase inhibition 135. A
monogenic model, with the interferon coming from astrocytes and the sensor
inferred rather than proven — but it is the strongest causal chain from
element complementary DNA to neuroinflammation in a human neural
system that exists.

https://doi.org/10.1038/nn.4388
https://doi.org/10.1038/nature03663
https://doi.org/10.1038/nature08248
https://doi.org/10.1101/gr.206805.116
https://doi.org/10.1126/science.aab1785
https://doi.org/10.1016/j.neuron.2013.10.053
https://doi.org/10.1186/s13100-018-0128-1
https://doi.org/10.1016/j.stem.2017.07.009
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18. The Precedent Next Door

Amyotrophic lateral sclerosis reached this juncture fifteen years earlier, and
what happened there is the single most useful guide to what should be
expected here.

The originating claim was that an endogenous retrovirus, HERV-K, is
expressed in patient brain and contributes to motor neuron disease: transcript
and protein detection in autopsy tissue, neurite retraction in human neurons,
and progressive motor dysfunction in mice transgenic for the viral
envelope 136. It was a strong, multi-arm paper in a major journal.

In 2019 an independent group attempted a direct replication of the
brain-expression component, using standards-compliant quantitative PCR of
three viral genes in premotor cortex from 34 cases and 23 controls with two
reference genes, and found no difference 41. The original authors replied that
control selection and methodology explained the discrepancy 137, and the
replicating authors responded 138. The exchange closed without resolution. No
retraction, no correction, no agreed answer — a disagreement conducted
through correspondence and left standing.

Meanwhile the clinical programme proceeded. An open-label, single-arm
phase 2a study of combination antiretroviral therapy in forty patients
reported a 21.8 per cent reduction in the rate of functional decline 139. That
number is routinely cited as though it were evidence of benefit. Its 95 per cent
confidence interval runs from −4.8 to 48.6 per cent: it crosses zero. There was
no placebo arm, and the survival comparison used a model-based historical
expectation rather than randomisation. The trial was a safety and tolerability
study and it succeeded as one. It is not evidence of efficacy, and the phase 3
successor has no published result.

Two other results from that field carry directly across. Machine-learning
stratification of 148 post-mortem cortices found that only about one patient in
five has a retrotransposon-high molecular signature 111 — a reminder that
even where the phenomenon is real it may be a subtype rather than a
mechanism of the disease. And the strongest design anyone has used on this
question anywhere: FACS-sorted disease-affected neuronal nuclei from
human brain, assayed for transcript, chromatin accessibility and element DNA

https://doi.org/10.1126/scitranslmed.aac8201
https://doi.org/10.1186/s40478-019-0698-2
https://doi.org/10.1186/s40478-019-0753-z
https://doi.org/10.1186/s40478-019-0756-9
https://doi.org/10.1080/21678421.2019.1632899
https://doi.org/10.1016/j.celrep.2019.09.066


The Chromatin Programme and the Tethered Enzyme A critical mechanistic review

39

content, showing element decondensation where the nuclear protein is
lost 140. That is the experiment the Alzheimer's field has not done, in the tissue
it has not done it in.

The lesson is not that the Alzheimer's claim will fail. It is that the
Alzheimer's claim has not yet been subjected to the test the equivalent claim
next door failed. There has been no blinded, standards-compliant,
independent attempt to replicate a headline element finding in Alzheimer's
brain. There is no dedicated methodological critique of Alzheimer's-specific
element analyses as a standalone paper; the nearest thing is a negative result in
isolated microglia 120 and the generic methodological literature 100, 101.

A parallel note on a second sensing route that competes with everything in
this paper. Knockdown of the RNA-editing enzyme ADAR1 in human
astrocytes raises both interferon signalling and element transcripts, with the
enzyme declining across human brain ageing and disease 141. If
element-derived nucleic acid matters in Alzheimer's brain, double-stranded
RNA sensing is a live route to the same endpoint — and, like the Z-RNA route,
it does not require cGAS.

Status of Part II. That repeat-derived RNA is abundant in normal brain and
rises with age: established. That it is further increased in Alzheimer's brain:
proposed, repeatedly reported, never measured with a method that excludes
the passenger confound, and with a demonstrated cell-composition confound.
That element-derived complementary DNA accumulates in Alzheimer's
neurons: unevidenced. That completed somatic insertions occur in
Alzheimer's neurons: unevidenced. That reverse-transcriptase activity is
present in human brain: established — and reported lower in Alzheimer's than
in aged controls, with full-length element transcripts essentially absent 97,
which is a problem for the model rather than a support for it.

https://doi.org/10.1016/j.celrep.2019.04.003
https://doi.org/10.1111/acel.70653
https://doi.org/10.1093/nar/gkw1067
https://doi.org/10.1038/s41576-020-0251-y
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https://doi.org/10.1523/JNEUROSCI.2298-24.2025
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Part III

The Tether

Where cGAS actually sits, what holds it inactive, and why
nothing in that literature has ever been examined in a neuron
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19. The Enzyme Is Mostly Nuclear and
Mostly Off

The account of cyclic GMP-AMP synthase that circulates in the disease
literature is a switch: DNA appears in the cytosol where it should not be, the
enzyme binds it, makes a second messenger, and an interferon response
follows. Every element of that account is true of something the enzyme does.
It is not a description of where the protein is or what most of it is doing.

The biochemistry is well settled. The enzyme was identified by
fractionation and mass spectrometry as the cytosolic activity that produces a
second messenger in response to double-stranded DNA 14, the messenger
itself was characterised 15, and crystal structures showed that DNA binding
produces an activating conformational change 142 in a protein belonging to
the nucleotidyltransferase family 56. Activation is not simple binding: it
requires DNA-induced oligomerisation 143, is steeply length-dependent 144,
and proceeds through the formation of protein–DNA ladders 145. The human
enzyme has an additional DNA-binding interface that enhances
activation 146, 147, and the intrinsically disordered amino terminus contributes
non-specific DNA binding that promotes activation 148. Above a threshold,
enzyme and DNA undergo liquid-like phase separation into condensates that
are the actual catalytic compartment 149. The messenger has unusual
mixed-linkage chemistry and high affinity for its adaptor 150.

None of this is in dispute. What is in dispute — or rather, what is settled
and then ignored — is the resting distribution of the protein.

In 2019 two groups reported, independently, that cGAS is predominantly
nuclear in resting cells and is held there tightly 26. Tight nuclear tethering, the
first group argued, is essential for preventing autoreactivity: an enzyme that is
in the nucleus with the genome and is not constantly firing must be actively
restrained. The molecular basis of that restraint was worked out the following
year 27. And a chromatin immunoprecipitation study with a tagged knock-in
mouse showed that nuclear cGAS is not distributed at random: it is enriched
on centromeric satellite DNA and, to a lesser degree, on LINE elements 30, 44.

https://doi.org/10.1126/science.1232458
https://doi.org/10.1126/science.1229963
https://doi.org/10.1038/nature12305
https://doi.org/10.1016/j.celrep.2013.05.008
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https://doi.org/10.15252/embr.201744017
https://doi.org/10.1038/nature23890
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That last detail should be read twice in the context of this paper. The
enzyme sits preferentially on the repetitive, heterochromatic sequence that
the chromatin programme says is de-repressed in tauopathy. Nobody has
connected those two facts, because the two literatures do not overlap.

The nuclear enzyme is not idle, either. It suppresses DNA repair and
promotes tumorigenesis 151; chromatin-bound, it inhibits repair and
accelerates genome destabilisation 152; it decelerates replication forks 153; it
restricts one end-joining subpathway by suppressing
poly-ADP-ribosylation 154 and regulates the balance between two others
through a complex with Ku80 155. It promotes mitotic cell death 156. Reviews
of this nuclear arm now exist 157, 158, and the recurring observation is that
these functions require DNA binding and oligomerisation but not catalysis —
which is the property every inhibitor in development targets.

For the present argument, one consequence dominates. If most cGAS is
nuclear and held inactive on nucleosomes, then the question "does cGAS
become active in tauopathy?" is not primarily a question about DNA
appearing in the cytosol. It is a question about whether the restraint is still
holding.

20. The Structural Basis of the Restraint

Between March and September 2020, five independent groups published
cryo-electron microscopy structures of cGAS bound to the nucleosome, and
they agreed 3, 159, 160, 161. The enzyme's DNA-binding surface docks onto the
nucleosome acidic patch — the negatively charged groove formed by histones
H2A and H2B on the nucleosome face — and that engagement is mutually
exclusive with the binding mode required for activation. The nucleosome is
not merely a poor substrate. It is a competitive inhibitor that occupies the
very surface the enzyme needs in order to oligomerise on free DNA.

https://doi.org/10.1038/s41586-018-0629-6
https://doi.org/10.15252/embj.2019102718
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https://doi.org/10.1016/j.cell.2019.05.035
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https://doi.org/10.1038/s41586-020-2750-6
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The resting state: nuclear, docked, and off

TETHERED  ·  inert

cGAS

acidic patch occupied

no
cGAMP

FREE  ·  competent

oligomer on long naked duplex

cGAMP

what moves the enzyme between these states is the question

Events that would release it, and events that would not

loss of H3K9 methylation a tail mark; the octamer and the patch remain

HP1 displacement from the mark the mechanism shown in mouse tauopathy

higher-order decompaction changes access, not occupancy; untested

nucleosome eviction or displacement would remove the patch; never measured in a neuron

competition for the acidic patch any factor binding the same surface

nuclease-mediated liberation demonstrated for MRE11 in a tumour context

mitotic phosphorylation lifted a neuron never enters mitosis

Every row above was established in a dividing cell. None has been measured in a neuron of any species.

Figure 3. In a resting cell most of this enzyme is nuclear, docked on the nucleosome acidic patch in a pose
that is mutually exclusive with the one activation requires, and concentrated on satellite and LINE

sequence. The lower panel separates events that would release it from events that would not: losing a
histone methyl mark leaves the octamer, and the patch, in place. Every row of the upper panel was

established in a dividing cell, and no row has been measured in a neuron of any species. Sources: 26, 27, 3,
159, 30, 162, 164.

This is an elegant solution to a real problem. A cell that keeps a DNA sensor in
the same compartment as three billion base pairs of its own DNA needs that
sensor to be off by default, and switched off by the DNA itself. Chromatinised
DNA holds the enzyme inert; naked or fragmented DNA does not. One of the

https://doi.org/10.7554/eLife.47491
https://doi.org/10.1038/s41586-020-2749-z
https://doi.org/10.1038/s41586-020-2748-0
https://doi.org/10.1126/science.abd0237
https://doi.org/10.1016/j.celrep.2019.01.105
https://doi.org/10.1126/science.aaw6421
https://doi.org/10.1038/s41586-023-06889-6
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five structural papers has since been corrected 45, and the correction is cited
here alongside the original rather than left implicit.

The restraint has a specific and testable dependency: it depends on the
nucleosome. Not on the nucleus, not on a compartment barrier, but on the
physical presence of an intact nucleosome surface presenting an accessible
acidic patch. That dependency is what makes the connection to the chromatin
programme worth making at all.

There is a second structural detail that matters here and is easy to miss.
The strength of the tether is not uniform along the genome. Occupancy
mapping places the enzyme preferentially on centromeric satellite and,
secondarily, LINE sequence 30 — that is, on exactly the compartment where
nucleosome density, repressive marks and higher-order compaction are
highest. Whatever the tether is, it is concentrated in constitutive
heterochromatin.

Two inferences follow, and they point in opposite directions. The first is
that the enzyme is anchored where the genome is most tightly packaged,
which is the most secure place for it to be. The second is that the security of
that anchoring is a function of the packaging — and the packaging is precisely
what the chromatin programme claims is degraded in tauopathy.

It is worth being explicit about what would and would not follow from
relaxation. Loss of a repressive histone mark does not remove a nucleosome.
H3K9 methylation is a modification on a histone tail, not the histone itself,
and an unmethylated nucleosome still presents an acidic patch. A model in
which "heterochromatin relaxes, therefore cGAS is released" is too fast by at
least one step. What would matter is nucleosome eviction or displacement —
loss of octamer occupancy, not loss of a mark — or a change in the
higher-order packing that alters the accessibility of the patch, or competition
for the patch by another factor.

Whether tau-associated chromatin relaxation involves nucleosome
eviction, as opposed to mark loss and decompaction with the octamers still in
place, has not been measured in any system. The independent 2026 mouse
work is the most suggestive datum available, and it is suggestive in a specific
way: what tau aggregates are reported to do there is sequester the H3K9me3
mark away from HP1, decondensing heterochromatin 6. That is mark
redistribution and loss of a reader, not octamer loss. On the structural

https://doi.org/10.1038/s41586-026-10959-w
https://doi.org/10.1016/j.celrep.2019.01.105
https://doi.org/10.1038/s41593-026-02299-9
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argument set out above, that mechanism would not by itself release a
nucleosome-tethered enzyme.

This is the first place where the tether argument gets harder rather than
easier, and it is stated here rather than in a caveat at the end.

21. The Other Restraints

The nucleosome is not the only thing holding this enzyme off its own
genome, and the other restraints are worth tabulating because each has a
different relationship to the neuron.
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Table 3 — The restraints on nuclear cGAS, and what is known about each
in a neuron

Restraint Mechanism Where dem
onstrated

Available
to a
neuron?

Measured
in a
neuron?

Nucleosome acidic patch Competitive
occlusion of the
DNA-binding
surface

Five
cryo-EM
structures;
dividing
cells and
purified
components

Yes, in
principle

No

Barrier-to-autointegration
factor

Outcompetes the
enzyme for
nuclear DNA

Dividing
cells

Yes, in
principle

No

Mitotic phosphorylation Aurora-B-depende
nt
phosphorylation
plus tethering
during mitosis

Dividing
cells

No —
requires
mitosis

Not
applicable

Nuclease clearance of free
DNA

Cytosolic and
lysosomal
nucleases degrade
the ligand before
sensing

Mouse
genetics,
human
disease

Yes Partially

Ligand length threshold Short DNA fails to
nucleate the ladder
or condensate

Purified
components

Yes No

Release by nuclease
processing

Liberation from
nucleosome
sequestration
during
tumorigenesis

Dividing
cells

Unknown No

The barrier-to-autointegration factor competes with the enzyme for nuclear
DNA and restricts it, a genuinely separate layer from the nucleosome
tether 162. During mitosis, when the envelope dissolves and the enzyme meets
condensed chromosomes wholesale, phosphorylation plus tethering keeps it
inactive 163 — a restraint a neuron never needs and never uses. Release is also
regulated: the MRE11 nuclease liberates the enzyme from nucleosome
sequestration in a tumour context 164, which is proof of principle that the
tether can be opened by a defined biochemical event rather than only by

https://doi.org/10.1126/science.aaw6421
https://doi.org/10.1126/science.abc5386
https://doi.org/10.1038/s41586-023-06889-6
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chromatin collapse. And what determines whether the enzyme is recruited to
a ruptured micronucleus turns out to be the antecedent chromatin
organisation of the chromosome inside it 165 — chromatin state, again,
determining enzyme behaviour.

The nuclease layer is the one with the most human evidence behind it, and
it is not about chromatin at all. Loss-of-function mutations in the cytosolic
exonuclease TREX1 cause a severe interferonopathy 166; the mouse
phenotype is cGAS-dependent 167; and the whole logic of self-DNA tolerance
is that free DNA is destroyed before it accumulates 168. Oxidised DNA resists
that destruction 169, which is a mechanistically specific way for an oxidatively
stressed neuron to acquire a more durable ligand. And in brain specifically,
loss of the lysosomal nuclease DNase II causes neuronal double-stranded DNA
accumulation and drives tau pathology 170.

Now the column that matters. Of the six restraints in the table, one is
unavailable to a neuron because it requires mitosis. Of the remaining five, the
nuclease layer has partial neuronal evidence. The other four have none: not
one has been examined in a neuron of any species.

That is the state of the field, and it is worth saying plainly why it happened.
The structural and cell-biological work on nuclear cGAS was done by
structural biologists and cancer biologists, in the cells those fields use — HeLa,
U2OS, dendritic cells, embryonic stem cells, purified histones. The brain work
on cGAS was done by neuroimmunologists, who found the enzyme where
their methods look, which is in microglia. Neither community had a reason to
ask what a nucleosome-tethered enzyme does inside a cell that never divides
and never rebuilds its chromatin. The question falls between two literatures,
and it has therefore not been asked.

https://doi.org/10.1038/s41467-023-36195-8
https://doi.org/10.1038/ng1845
https://doi.org/10.4049/jimmunol.1500969
https://doi.org/10.1016/j.cell.2008.06.032
https://doi.org/10.1016/j.immuni.2013.08.004
https://doi.org/10.1186/s40035-024-00427-8


The Silencer and the Tether AdultCognitiveDisease.com

48

22. What a Relaxed Landscape Would Do
to a Tethered Enzyme

This chapter states a prediction. It is labelled unevidenced throughout, in the
sense defined in Chapter 4: no primary measurement exists in any system
relevant to the claim.

Start from what is distinctive about the neuronal nucleus. Its chromatin is
maintained without replication, by continuous nucleosome turnover rather
than by replication-coupled reassembly 171. Its nuclear pore scaffolds and
lamins are among the longest-lived proteins in the body and are never
replaced 36, so damage accumulates 37. Its silencing is not passive: conditional
deletion of a repressive complex in post-mitotic neurons causes de-repression
and progressive fatal neurodegeneration 172, which means the packaging is
actively held rather than inherited. And in the one organism where a
genome-wide heterochromatin map of actual neurons exists,
lamina-associated domains and HP1 domains coincide in neurons in a way
they do not in dividing cells 173 — neuronal heterochromatin is organised
differently from the dividing-cell case that every lamina-domain map is built
on 174, 175.

A neuron is therefore a cell that holds a fixed, actively maintained,
never-rebuilt chromatin structure for eighty years. If a sensor is tethered to
that structure, the tether is a contract with a surface that is never renewed.

The prediction has four parts.

(i) The enzyme should be there. Nuclear cGAS sits preferentially on
centromeric satellite and LINE sequence 30. In a neuron, that compartment is
lamina-associated and long-lived. Prediction: neuronal cGAS is
predominantly nuclear and enriched in constitutive heterochromatin, in
proportions at least as extreme as in dividing cells, because a neuron has no
mitosis during which the distribution is reset. Unevidenced.

(ii) The restraint should be more load-bearing, not less. A dividing cell gets
a clean re-tether at each mitosis; its chromatin errors are diluted. A neuron
gets one. Prediction: the consequences of a failure of tethering are more

https://doi.org/10.1016/j.neuron.2015.06.014
https://doi.org/10.1016/j.cell.2013.07.037
https://doi.org/10.1016/j.cell.2008.11.037
https://doi.org/10.1038/nn.4360
https://doi.org/10.1186/s13072-018-0235-8
https://doi.org/10.1038/nature06947
https://doi.org/10.1016/j.molcel.2010.03.016
https://doi.org/10.1016/j.celrep.2019.01.105
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severe, and more cumulative, in a neuron than in any cell in which it has been
studied. Unevidenced.

(iii) What would release it is nucleosome loss, not mark loss. As set out in
Chapter 20, demethylation does not remove an octamer. The releasing
events, in order of plausibility: eviction or displacement of nucleosomes at
specific loci; competition for the acidic patch by another factor; proteolytic or
nuclease-mediated liberation of the kind demonstrated for MRE11 164; or
physical separation of the enzyme from chromatin altogether.

(iv) And the threshold is a ligand-quality threshold, not a switch. Activation
requires oligomerisation on DNA above a length threshold 144, 143, and
proceeds by condensation 149. A partially released enzyme in a nucleus full of
long chromatinised DNA is not necessarily an active enzyme. The prediction
is graded, not binary: relaxation shifts the equilibrium between tethered-inert
and free-competent pools, and whether that shift crosses the threshold
depends on how much free, long, protein-poor DNA is available. In a neuron
under oxidative stress, with nuclease-resistant oxidised DNA 169 and
physiological activity-induced double-strand breaks that are repaired more
slowly with age 176, 177, the free-DNA pool is not zero.

We say explicitly what this argument does not establish. It does not
establish that the tether fails in tauopathy. It does not establish that relaxation
of the kind the chromatin programme describes is sufficient to release a
nucleosome-bound enzyme, and Chapter 20 gives a specific reason to doubt
it. What it establishes is that the question is well-posed, mechanistically
specific, and answerable with existing methods — and that nobody has asked
it.

https://doi.org/10.1038/s41586-023-06889-6
https://doi.org/10.15252/embr.201744017
https://doi.org/10.1016/j.immuni.2013.10.019
https://doi.org/10.1126/science.aat1022
https://doi.org/10.1016/j.immuni.2013.08.004
https://doi.org/10.1016/j.cell.2015.05.032
https://doi.org/10.1038/nn.3356
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23. The Measurement That Has Never
Been Made

It is worth stating the negative precisely, because a precise negative is an
experimental programme.

There is no published measurement of cGAS subcellular localisation in a
neuron. Not by fractionation, not by imaging with a validated antibody, not
with a tagged knock-in. There is no measurement of its chromatin occupancy
in a neuron. There is no measurement of its association with nucleosomes in a
neuron. These are not difficult experiments; the tagged knock-in mouse that
produced the occupancy map in dendritic cells already exists 30.

What does exist is expression data, and it is the reason the question was
dropped. Human protein and transcript atlases place the enzyme
predominantly in myeloid and vascular populations 178, purified-cell
transcriptomics of brain assigns most of the signal to microglia rather than
neurons 179, and single-cell atlases of the human brain are consistent 180, 181.
Every study that localises cGAS activity in brain places it in microglia or
astrocytes 31.

Three things should be said about that.

First, it is good evidence and it is the main reason to be sceptical of a
neuron-intrinsic mechanism. If the enzyme is largely absent from neurons,
the tether argument has nothing to act on. That possibility is live and this
paper does not dismiss it.

Second, low expression is not absence, and the relevant question for a
tether is not abundance but occupancy. An enzyme present at a tenth the
microglial level, concentrated in heterochromatin, in a cell that never resets, is
not obviously irrelevant. Transcript-level atlases are also a poor instrument
for a protein whose function depends on where it is rather than how much of
it there is.

Third, and most importantly: the absence of the measurement is not
evidence about its result. "cGAS has not been found in neurons" and "cGAS has
not been looked for in neurons with a method capable of finding it where it

https://doi.org/10.1016/j.celrep.2019.01.105
https://doi.org/10.1126/sciadv.abh2169
https://doi.org/10.1523/JNEUROSCI.1860-14.2014
https://doi.org/10.1126/science.add7046
https://doi.org/10.1038/s41586-019-1195-2
https://doi.org/10.1038/s41586-023-06373-1
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would be" are different statements, and the literature contains the second, not
the first.

Two related negatives complete the picture, and they constrain the ligand
side as much as the tether side.

Heterochromatin loss has never been linked to innate immune activation in brain. 
No study manipulates a heterochromatin factor in neurons and reads out
cGAS, its adaptor, or interferon. The nearest approaches are all indirect or use
a different sensor: the tau-to-element-to-ZBP1 route in mouse neurons 6;
tau-to-heterochromatin-to-element transcription with no immune
readout 20, 24; heterochromatin-factor loss producing element-driven
interferon in non-neuronal cells 182, 183; and cGAS–STING in ageing brain
driven by mitochondrial DNA in microglia 31. The link is assembled from
non-overlapping pieces, and this paper does not pretend otherwise.

No DNA has been shown to leave a neuronal nucleus. Envelope budding in
neurons is established 184 and ribonucleoprotein export by budding is
established 32; nucleophagy captures nuclear material in degenerating
neurons 33; envelope rupture in neurons has been demonstrated 185 and
integrity declines with age in neurons themselves 186. No paper shows DNA or
nucleosomes in the neuronal cytoplasm by any of these routes. Nor are there
micronuclei: inflammatory stimulation does not induce them in primary
neurons cell-autonomously 187, and the mitotic route that generates them
elsewhere 38, 39, 188 is unavailable to a cell that does not divide — a point
reinforced by the single-cell sequencing showing no elevated aneuploidy in
Alzheimer's neurons 189, 43, and by the fact that even the strongest
cell-cycle-re-entry evidence stops at DNA replication rather than
mitosis 190, 191.

Status of Part III. That cGAS is predominantly nuclear and tethered to
nucleosomes in dividing cells: established. That the tether is competitive
occlusion of the acidic patch: established. That nuclear cGAS is enriched on
repetitive heterochromatic sequence: established in one dividing-cell system.
That any of this holds in a neuron: unevidenced, and never tested. That
tau-associated chromatin relaxation would release a tethered enzyme:
unevidenced, with a specific structural reason for doubt.
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https://doi.org/10.1016/j.celrep.2018.05.004
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Part IV

The Loop

The enzyme helps maintain the structure that restrains it —
stated as a named hypothesis, with the four points at which it

would break
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24. The Enzyme Maintains the Chromatin
That Restrains It

The argument so far has been linear: tau relaxes chromatin, chromatin
relaxation releases sequence and might release an enzyme. A 2026 result
makes that linearity untenable, and it is the empirical foundation of
everything in this part.

Mice lacking cGAS age prematurely, and the ageing phenotype is
associated with de-repression of LINE-1 elements and a flattened, smoothed
heterochromatin landscape 5. The enzyme is not only restrained by
heterochromatin. It participates in maintaining it. A companion analysis
describes a dual role for the enzyme in shaping cellular and organismal
responses to genomic instability 192, which is the same observation from the
other side: this protein is a chromatin factor that also happens to be an
immune sensor, and the two roles are not separable by compartment.

This should not be as surprising as it is. The nuclear functions of the
enzyme are all chromatin functions. It suppresses repair 151, inhibits repair
from a chromatin-bound position 152, decelerates replication forks 153, and is
required for cellular senescence 193 — a state defined in part by a wholesale
reorganisation of heterochromatin 194. A protein with that portfolio was
always going to have a maintenance role. What the null mouse adds is
direction: without it, silencing degrades and repeats escape.

Three qualifications before this is used.

It is one paper, and it is 2026. No independent replication exists. The result is
load-bearing for the loop hypothesis and should be the first thing anyone tries
to reproduce.

The mouse is not a neuron. The phenotype is organismal; the de-repression is
not cell-type-resolved in a way that isolates post-mitotic neurons.

The direction of the maintenance effect is the opposite of the naive expectation.
One might have assumed that a DNA sensor, if anything, would be activated
by de-repressed repeats and would then act against them. Here its absence

https://doi.org/10.1038/s43587-026-01206-y
https://doi.org/10.1101/gad.352760.125
https://doi.org/10.1038/s41586-018-0629-6
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https://doi.org/10.1073/pnas.1705499114
https://doi.org/10.1016/s0092-8674(03)00401-x
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causes the de-repression. The enzyme is upstream of silencing, not merely
downstream of its failure.

There is a second line that converges on the same place from the lamina.
Nuclear lamina erosion has been shown to resurrect endogenous retroviruses,
and to underlie neuronal ageing and neurodegeneration 195. That is the
programme's Link 2 and Link 4 joined in one mammalian experiment, by a
group outside the programme. And a 2026 study reports that cytoplasmic
DNA sensing links L1 expression to neuronal senescence in Alzheimer's
disease 196 — in directly induced human neurons, the system that preserves
donor age 197. These are the two closest things in existence to the chain this
paper is assembling, and neither of them is about tau.

The senescence literature supplies the mechanism by which chromatin
fragments become a ligand in dividing cells: cytoplasmic chromatin
fragments pinch off from intact nuclei of senescent cells and activate the
enzyme to drive the inflammatory secretory phenotype 198, an independent
group showed the same 199, and the enzyme is required for senescence
itself 193. Whether neurons do anything equivalent is unknown; neuronal
senescence is a marker constellation 200, 201, 202 rather than a demonstrated
programme, and senescence-associated heterochromatic foci have never been
reported in a neuron 194.

25. The Silencer–Tether Loop

We now state the integration. It is unevidenced in the sense of Chapter 4 — it
is a novel proposal, not a reading of existing data — and it is stated in a form
designed to be broken.

> The Silencer–Tether loop. In a post-mitotic neuron, cGAS is tethered to
nucleosomes in constitutive heterochromatin, where it is catalytically inert
and contributes to the maintenance of that heterochromatin. Pathogenic tau
degrades heterochromatin. Degradation reduces the tethered fraction of the
enzyme. A reduced tethered fraction means reduced chromatin maintenance,
which degrades heterochromatin further, releasing more repetitive sequence
and more of the enzyme. The loop is self-amplifying, has no mitotic reset
available to it, and runs on a timescale of decades.
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https://doi.org/10.1038/nature24050
https://doi.org/10.1038/ncb3586
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The Silencer–Tether loop

tau degrades
heterochromatin

established in fly

tethered fraction of cGAS
falls

never measured

chromatin maintenance
degrades

one null mouse

more sequence, more
enzyme free

not shown as a loop

1

23

4

no mitotic reset
is available

decades, one nucleus

Where it breaks

cGAS absent from neurons
fractionation and imaging in sorted neurons

marks lost, octamers kept
nucleosome-position calling in tau models

maintenance needs catalysis
catalytically dead knock-in versus null

human change runs the other way
neuron-sorted H3K9me3 in matched brain

What the loop would explain, if it holds

why neurons
a dividing cell re-tethers at every
mitosis and dilutes the error

why the old
a self-amplifying rate too slow for a cell
cycle matters over decades

why the enzyme is a cause
the lesion is lost maintenance;
interferon is a side effect

And the therapeutic consequence
The nuclear functions of this enzyme do not require catalysis. Every inhibitor in development targets catalysis.

If the loop is real, a catalytic inhibitor removes the interferon signal without removing the lesion —
and a reverse-transcriptase inhibitor does not reach it at all.

Figure 4. The proposal in one diagram. Tau degrades heterochromatin; degradation reduces the tethered
fraction of the enzyme; the untethered enzyme no longer maintains heterochromatin; more sequence and
more enzyme are released. The loop has no mitotic reset available to it, which is why it would matter in a

neuron and nowhere else. Four break points are marked with the experiment that tests each; one of the
four is already contradicted in human tissue. Sources: 4, 5, 192, 6, 7, 195.

The four steps, with the status of each:

Step 1 — tau degrades neuronal heterochromatin. Established in fly 4, 49;
established in mouse by a different mechanism 6; contradicted in direction in
human 7, 8.
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Step 2 — degradation reduces the tethered fraction of the enzyme.
Unevidenced. Requires nucleosome eviction or patch occlusion, not merely
mark loss (Chapter 20). No measurement in any neuron.

Step 3 — the untethered enzyme no longer maintains heterochromatin.
Proposed, on one mouse null phenotype 5, 192. The null mouse shows that
absence of the protein degrades silencing; it does not show that untethering
the protein has the same effect as deleting it, which is a distinct and testable
claim.

Step 4 — further degradation releases more sequence and more enzyme.
Unevidenced as a loop; each half has partial support 195, 196.

Three properties make this worth proposing rather than merely
speculating.

It explains why the disease is of the old and of neurons. A dividing cell resets the
tether at every mitosis; errors are diluted across daughters. A neuron holds
one chromatin structure, maintained by turnover rather than replication, for a
lifetime. A self-amplifying loop that runs at a rate too slow to matter over a
cell cycle is exactly the kind of loop that matters over eighty years. This is also
why the mechanism cannot be tested in the systems where the enzyme has
been studied.

It makes the enzyme a cause rather than a consequence. The entire disease
literature on this pathway treats the enzyme as a responder: something goes
wrong, DNA appears, the sensor fires. Here, partial loss of a
chromatin-maintenance function is itself a lesion, and interferon is a side
effect rather than the mechanism. That reframing has a direct therapeutic
consequence, developed in Chapter 30.

It is precedented, in a different organism and a different protein. A mutually
reinforcing element-and-protein feedback loop driving the spread of
degeneration has been demonstrated in fly 55. The topology is not invented.

And four properties make it fragile, which is the subject of the next
chapter.

One further consequence deserves stating because it changes what the
interferon data mean. If the loop operates, the neuronal contribution is
chromatin maintenance failure, and the interferon that the field measures may
be coming from somewhere else entirely — from microglia sensing
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mitochondrial DNA 31, or from neurons exporting micronuclei to
microglia 203, 204. Those are not competing explanations of the loop; they are
compatible with it, and they would make the loop invisible to every assay the
field currently uses.

26. Where the Loop Breaks

A hypothesis worth stating is one whose failure modes can be named in
advance. There are four, and any one of them is sufficient.

Table 4 — Four points at which the proposed loop would break

Failure point The claim
it kills

The experiment that
tests it

Current evidence

cGAS is absent
from neurons, or
present at levels
too low to matter

The whole
loop

Tagged knock-in or
validated imaging with
fractionation in mouse
and human neurons

Expression atlases place it
in myeloid and vascular
cells; no neuronal
measurement exists

Tau-associated
relaxation loses
marks but not
octamers

Step 2 Neuron-sorted
micrococcal nuclease or
ATAC with
nucleosome-position
calling, tau versus control

The one mammalian
mechanism described is
mark sequestration, not
eviction

The maintenance
function requires
catalysis, or
requires the
cytosolic pool

Step 3 Catalytically dead
knock-in versus null;
tether-deficient knock-in
versus null

Nuclear functions
generally do not require
catalysis, but this one has
not been separated

The human
chromatin change
runs the other way

Steps 1 and
2, and the
whole
programme

Neuron-sorted H3K9me3
profiling in age-matched
Alzheimer's and control
brain

Two human studies report
increase; the founding
study reports decrease; no
neuron-sorted dataset
exists

The first is the most likely to be fatal and the easiest to test. If the enzyme is
simply not in neurons in meaningful amounts, the tether and the loop are
both empty, and the correct account of innate immunity in this disease is the
microglial one that the field already has 31, 205.
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The second is the most interesting. As Chapter 20 established, an
unmethylated nucleosome still presents an acidic patch, and the
best-described mammalian mechanism of tau-driven decondensation is
sequestration of a mark away from its reader 6 — which would leave the
octamers, and therefore the tether, in place. If chromatin relaxation in
tauopathy is mark redistribution without nucleosome loss, Step 2 fails and the
ligand arm survives without the tether arm.

The third is a clean genetics question that nobody has asked. The enzyme's
nuclear functions generally require DNA binding and oligomerisation rather
than catalysis 152, 153, and its release from sequestration can be driven by a
nuclease 164. Whether heterochromatin maintenance belongs in the
non-catalytic column is unknown, and it is exactly the kind of question a
catalytically dead knock-in answers in one experiment.

The fourth is not specific to this paper's proposal; it is the central
unresolved empirical dispute in the whole programme, and it is the subject of
Chapter 29.

A fifth possibility should be named although it is not a failure so much as a
redirection. The loop might be real and irrelevant — operating, but
contributing so little to neuronal death compared with the ZBP1 route 6, the
microglial route 205, or plain accumulated DNA damage 206 that it is not
worth targeting. Effect size is a separate question from existence, and nothing
in this paper speaks to it.

27. The Nearest Existing Demonstrations

Rather than leave the loop as a diagram, it is worth setting out precisely how
close the existing literature gets to each step, because the gaps are smaller than
they look in three places and larger in one.

Closest to Step 1 in a mammal. Tau aggregates binding H3K9me3-marked
chromatin and sequestering the mark from HP1, with element de-repression
and neuronal death following, in PS19 mice 6. This is a complete
demonstration of chromatin-to-element-to-death in a mammalian neuron. It
is also the strongest evidence against the specific mechanism the founding
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paper proposed, since it operates by mark sequestration rather than
oxidative-stress-driven relaxation.

Closest to lamina-driven element release in a mammal. Nuclear lamina
erosion resurrecting endogenous retroviruses, framed as underlying neuronal
ageing and neurodegeneration 195. This is the programme's Link 2 joined to its
Link 4, by an outside group, in a mammal.

Closest to element-to-sensing in a human neuron. Cytoplasmic DNA
sensing linking L1 expression to neuronal senescence in Alzheimer's disease,
in directly induced neurons 196. And, in a monogenic model, element-derived
cytosolic DNA in human neural cells producing interferon and rescued by
reverse-transcriptase inhibition 135.

Closest to heterochromatin-failure-to-sensing in any mammal. Loss of a
heterochromatin-associated factor producing cytoplasmic element
complementary DNA and a cGAS-dependent interferon response, improved
by reverse-transcriptase inhibitors in vivo 183, and element de-repression in
senescence driving interferon through the same route 182. Neither has a
neuronal arm.

Closest to the sensing step in a neuron of any kind. Nothing. In a neural
context, the micronucleus-to-enzyme route is documented only in
ataxia-telangiectasia organoids 207, and genome instability without interferon
signalling has been shown to drive neuropathology in a separate model 208 —
which is a reminder that the damage and the interferon can come apart.

That last gap is the real one. Everything upstream has a mammalian
demonstration somewhere. The step at which a neuron's own chromatin
failure is read by a neuron's own cGAS has no demonstration at all, in any
species, in any model.

Two further pieces of context bound how much a neuron could plausibly
contribute. Neuronal DNA damage in Alzheimer's is real and substantial:
double-strand breaks accumulate early in disease 209, the genomic landscape
of those breaks in post-mortem brain has been mapped 210, and breaks arise
physiologically from neuronal activity 176 and are repaired more slowly with
age and pathology 177. So the free-DNA supply is not hypothetical. But
neurons also export nuclear material rather than only accumulating it:
neuronal micronuclei propagate to microglia and alter microglial
characteristics 203, and this transfer increases with age 204. If a neuron's route
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for dealing with escaped nuclear material is to hand it to a phagocyte, then the
sensing cell need not be the suffering cell — and the entire signature the field
measures could be microglial even if the lesion is neuronal.

Status of Part IV. That cGAS contributes to heterochromatin maintenance:
proposed, on one mouse study. That lamina erosion releases endogenous
retroviruses in a mammalian brain: established in one system. That element
expression links to cytoplasmic DNA sensing in human Alzheimer's neurons:
proposed, one 2026 study. That the Silencer–Tether loop operates:
unevidenced, with four named failure points and the experiments that test
them.
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Part V

Assessment

The competing sensors, the unresolved direction of the human
chromatin change, what the clinical programme actually tests,

and a ledger
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28. Four Sensors for One Signature

Alzheimer's brain has an interferon signature. Type I interferon signalling
drives neuroinflammation and synapse loss in mouse models, with receptor
blockade rescuing microgliosis and synapse loss, and with correlative human
post-mortem support 211; concerted interferon signalling across microglia and
other neural cells impairs memory 212. Components of the cGAS pathway are
altered in mouse cortex and hippocampus in Alzheimer's models 213, and the
adaptor and p53 repair pathways are reported compromised in human
disease 214. None of this identifies a sensor, for the reason given in Chapter 1:
three unrelated adaptors converge on the same transcription factor through
the same motif 18.

At least four sensors, with four different ligands, have primary evidence
behind them.

Table 5 — Four sensors proposed for one downstream signature

Proposed
sensor

Ligand Cell Strongest evidence Problem for it

ZBP1 Z-form RNA
from
de-repressed
elements

Neuron PS19 mouse, causal,
independent,
complete chain

Very recent;
limited human
validation

cGAS Mitochondrial
DNA

Microglia Ageing brain, causal,
with genetic and
pharmacological
arms

Ligand is not
element-derived;
cell is not the
dying one

cGAS Extracellular tau
protein, via
PQBP1

Microglia Microglia-specific
inducible depletion
in vivo

Ligand is a protein,
not a nucleic acid

MDA5 or
PKR

Double-stranded
RNA

Astrocyte Editing-enzyme
knockdown raises
elements and
interferon

Sensor not tested
by loss of function

ZBP1 is the incumbent. The 2026 mouse study is the only complete
demonstration of element-derived nucleic acid killing a mammalian neuron
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through an innate sensor, and the sensor is ZBP1 responding to Z-RNA 6. Any
cGAS argument in this space is now a challenger, and should be written as one.

The mitochondrial route is the best-evidenced cGAS route. In ageing
brain, cGAS–STING drives inflammation and neurodegeneration, with the
cytosolic DNA in old microglia identified as mitochondrial rather than
retroelement-derived 31. In tauopathy specifically, genetic ablation and
pharmacological inhibition of cGAS both rescue synaptic integrity and
memory without changing tau load — and the trigger is again mitochondrial
DNA leakage 205. Disease-risk alleles elevate microglial cGAS-associated
senescence and interferon signalling in a tauopathy model 215, blockade of
adaptor activation alleviates microglial dysfunction and a broad spectrum of
pathology 216, activation of the pathway contributes to pathogenesis 217, and
microglial deletion of the enzyme preserves intercellular communication and
alleviates amyloid pathology 218. This is a substantial, internally consistent,
mostly microglial body of work, and it is the reason to doubt a
neuron-intrinsic mechanism.

The protein-ligand route removes nucleic acid from the argument
altogether. Tau activates microglia through a PQBP1–cGAS–STING axis in
which the trigger is extracellular tau protein, not DNA 219. If that is the
dominant route, chromatin has nothing to do with it.

The double-stranded-RNA route competes directly with the element
argument. Suppression of an RNA-editing enzyme in human astrocytes raises
interferon signalling and element transcripts together, and that enzyme
declines across human brain ageing and disease 141. Elements could matter
without cGAS mattering.

Two further observations complicate the cell-assignment question rather
than settling it. Neurons do express and use this machinery in some settings:
neuronal STING orchestrates an inflammatory stress response in multiple
sclerosis models 220, neuronal STING activation occurs in amyotrophic lateral
sclerosis and frontotemporal dementia 221, and a related sensor drives
neuron-specific interferon signalling and neurodegeneration in a genetic ALS
model 222. And a striking recent result runs in the opposite direction from
everything above: an anti-herpetic function of tau is reported to preserve 
neurons through the cGAS–STING–TBK1 pathway 223, while a protective
APOE3 variant confers resilience against tau pathology partly by inhibiting
this pathway 224, 225.
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The honest position: the interferon signature is real, at least four sensors
have primary evidence, the best-evidenced cGAS route is microglial and
mitochondrial, the best-evidenced element route is neuronal and non-cGAS,
and a third-party assessment of how the element work connects to innate
immunity has already noted that the connection is programmatic rather than
demonstrated 17.

29. The Direction-of-Effect Dispute

This is the central unresolved empirical problem, and it has two halves: which
way the chromatin change runs, and whether nuclear tau is present to cause it.

https://doi.org/10.1016/j.tins.2022.12.003
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Human chromatin measurements in Alzheimer's brain

mark tissue direction of the change neuron-sorted

Frost 2014 H3K9me2, HP1 cortex, bulk toward open

Lee 2020 H3K9me3 cortex, bulk toward closed

Alves 2023 H3K9me3 orbitofrontal toward closed

Gil 2022 H3K9me3 dentate gyrus toward closed

Pietrzak 2011 rDNA methylation cortex, bulk toward closed

Hernández-Ortega 2016 H3K9me2 CA1 toward open

Calderón 2020 H3K9me2/me3 lost mixed nuclei toward open

Nativio 2018 H4K16ac lost temporal lobe toward closed

Nativio 2020 H3K27ac, H3K9ac gainedtemporal lobe toward open

Klein 2019 H3K9ac, n = 669 prefrontal, bulk reorganised, not directional

Marzi 2018 H3K27ac entorhinal reorganised, not directional

Not one of these measurements is neuron-sorted. Acetylation rows are scored by what the change implies for accessibility, not by the sign of the mark.

The reconciliations nobody has tested
different marks behave differently  ·  the change is biphasic, compacting early  ·  the direction differs by region

or the whole signal is cell composition in a disease that loses neurons and gains glia

Figure 2. Each row is a published measurement of chromatin state in human Alzheimer's brain. The
column records which way the change ran. No row is neuron-sorted, every row is bulk tissue or mixed
nuclei in a disease that loses neurons and gains glia, and no study quantifies the effect of post-mortem

interval on these marks. The founding observation of heterochromatin loss and the three reports of
increased H3K9me3 have never been reconciled, or cited against one another. Sources: 4, 7, 8, 28, 69, 228,

29.

The chromatin half. The founding paper reports reduced H3K9me2 and HP1
in post-mortem Alzheimer's cortex 4. Against it: H3K9me3-mediated
heterochromatin condensation is reported elevated in sporadic Alzheimer's
cortex, with chromatin immunoprecipitation sequencing and
transcriptomics 7; global H3K9me3 is reported increased in orbitofrontal
cortex at early stages and lost only late 8; and H3K9me3 is reported increased 
in early-stage dentate granule cells 28, in a cohort whose companion study also
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ties lamina redistribution and nuclear tau loss together across Braak stages 226.
Ribosomal DNA promoters are hypermethylated in mild cognitive
impairment and Alzheimer's 227 — silencing increased, at the locus where
nuclear tau is supposed to act.

The acetylation literature does not settle it either, because it is
mark-specific rather than directional. H4K16ac is gained in normal ageing and
dramatically lost in Alzheimer's 228; two other active marks are gained in
Alzheimer's, with a fly model showing that increasing them worsens
degeneration 229, 42; an independent entorhinal cortex study finds thousands
of differential acetylation peaks enriched for disease heritability without
attributing them to tau 230; and the largest study, in 669 cortices, finds
tau-specific effects whose magnitude scales with lamina association 69. One
environmental study reports reduced repressive marks with increased DNA
damage in exposed young brains, in mixed nuclei and not a case-control
design 231.

The therapeutic version of the dispute is the sharpest form of it. In a tau
mouse, the repressive mark H3K9me2 and its methyltransferase are elevated,
and an inhibitor that reduces repressive marks rescues behaviour 29. If
heterochromatin loss were the toxic event, that drug should have made the
animals worse.

Nobody has done the experiment that would resolve this. There is no
neuron-sorted H3K9me3 profiling — no CUT&RUN, no chromatin
immunoprecipitation sequencing on sorted neuronal nuclei — comparing
Alzheimer's and age-matched control brain. Every human measurement
above is bulk tissue or immunostaining of mixed nuclei, in a disease that loses
neurons and gains glia. The plausible reconciliations are all untested: different
marks behave differently; the change is biphasic, compacting early and
relaxing late; the direction differs by region; or the whole thing is cell
composition. And there is no quantitative study of post-mortem interval or
agonal state on heterochromatin marks in human brain, which leaves an
unquantified confound under every one of these results.

The nuclear-tau half. For tau to relax chromatin directly, it must be in the
nucleus. It is: nuclear tau isoforms were identified at nucleolar organiser
regions in 1990 232 — in primate cells only, a species caveat usually dropped
— and all isoforms were subsequently detected in nuclei isolated from human
frontal cortex 34. It binds DNA directly, in the minor groove, with an AT-rich
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preference 233, localises to AT-rich satellite heterochromatin 234, and occupies
defined genomic regions in neurons under normal and stress conditions 235.

But the functional literature on nuclear tau runs against the
toxic-gain-of-function reading with striking consistency. Tau loss disrupts
pericentromeric H3K9me3 and HP1α clustering, and nuclear tau
overexpression rescues it 95. Tau-deficient neurons are more vulnerable to
stress-induced DNA damage, rescued by human tau 236, in vitro and in
vivo 237. Tau associates with a regulator of heterochromatin stability and
ribosomal DNA silencing, and tau depletion increases ribosomal transcription
and decreases heterochromatin 238. Four independent lines, all assigning
nuclear tau a silencing-supportive role.

And the human tissue data are worse still for the model. Nuclear tau
declines in CA1 and dentate gyrus in Alzheimer's and virtually disappears from
tangle-bearing neurons 239. If nuclear tau is the effector, it is leaving exactly
the cells that are dying.

There is also a well-supported nuclear tau pathology that is simply not
chromatin relaxation: tau aggregates are RNA–protein assemblies that
mislocalise nuclear speckle components, shown in cells, mouse brain and
human Alzheimer's, frontotemporal dementia and corticobasal tissue 240.

Finally, the causal ordering is contestable at its origin. The founding
mechanism routes through oxidative stress and DNA damage — but oxidative
damage in Alzheimer's neurons is greatest before, and reduced within,
tangle-bearing cells 241; double-strand breaks alone reorganise the
three-dimensional genome without tau 206; breaks drive tau accumulation
rather than the reverse in one system 242; a fully non-cell-autonomous route
produces neuronal breaks through HMGB1 and Ku70 243; and nucleolar stress
alone is sufficient to kill hippocampal neurons 244. Any of these can generate
the observed correlation. The general heterochromatin-loss-with-ageing
model that frames all of this 245 has its strongest direct support in the fly 246

and remains, in mammals, an inference.
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30. The Therapeutic Reading

The programme has a clinical arm, and it is the only part of this literature that
has reached a patient. It also tests a different link from the one this paper is
about, and the distinction matters.

The logic is stated in the programme's own reviews: if elements are
reactivated and reverse-transcribed, a reverse-transcriptase inhibitor should
reduce the resulting complementary DNA 11, 247. The preclinical support in
mice is real: lamivudine prevents neuropathology in a tau model 248,
ameliorates pathology in an amyloid model with coordinated pathway
inhibition 249, and rescues cognitive deficits in a further model 250. An
epidemiological association between nucleoside reverse-transcriptase
inhibitor exposure and reduced Alzheimer's risk has been reported 251, and a
study of lamivudine effects on cognitive-impairment biomarkers and
interferon-stimulated gene expression has been published 252.

One result complicates the rationale before the trial is even discussed.
When reverse-transcriptase activity was measured biochemically in human
cortex, it was present in every brain and lower in Alzheimer's than in aged
controls, and full-length bicistronic element transcripts were essentially
absent 97. A drug that inhibits an enzyme whose activity is already reduced in
the target tissue is not obviously well matched to the lesion. The authors
attribute the reduction to neuronal loss in terminal disease, which may be
right — but it is the same cell-composition confound that undermines the
transcript measurements, and it has not been corrected for in either direction.

The clinical test itself is a twelve-patient, open-label, single-arm,
twenty-four-week safety and feasibility study of 300 mg daily lamivudine in
early Alzheimer's disease 13. It met its primary endpoints, which were safety
and feasibility. The reported reduction in cerebrospinal-fluid GFAP and rise
in the plasma amyloid ratio are exploratory biomarker findings in twelve
uncontrolled participants; they are not efficacy, and describing them as
efficacy is the same error that the neighbouring field made with an
uncontrolled forty-patient study whose confidence interval crossed zero 139.
No placebo-controlled trial of any reverse-transcriptase inhibitor in
Alzheimer's disease has been published.
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Now the distinction that this paper exists to draw. A reverse-transcriptase
inhibitor tests the ligand arm. It does not test the tether arm, and under the
loop hypothesis it cannot.

If the lesion is that de-repressed elements are reverse-transcribed into
cytosolic DNA that a sensor reads, then blocking the polymerase removes the
ligand, and the drug is mechanistically apt. If the lesion is that a
chromatin-maintenance factor has been untethered — Steps 2 and 3 of the
loop — then no amount of reverse-transcriptase inhibition touches it, because
the damage is happening in the nucleus, upstream of any complementary
DNA, and interferon is a side effect rather than the mechanism. The two
hypotheses predict the same biomarker movements and different clinical
outcomes.

The same logic applies, with more force, to inhibiting cGAS itself. A
substantial medicinal-chemistry effort exists: early tool compounds 253, 254,
human-specific inhibitors 255, and orally bioavailable series developed by
structure-based design 256, with reviews now written specifically around
neurological indications 257, 46. Every one of these targets catalysis. But the
nuclear functions of this enzyme — repair suppression 152, fork
deceleration 153, and, on the evidence of the null mouse, heterochromatin
maintenance 5 — generally do not require catalysis. A catalytic inhibitor would
therefore leave the loop running while silencing the interferon readout by
which anyone would detect it. If the loop is real, catalytic inhibition is the
worst of both worlds: it removes the signal without removing the lesion.

Two boundary conditions from human genetics are worth keeping in view.
Gain-of-function mutations in the adaptor cause a severe vasculopathy 258, so
this pathway is not one to activate; a common human hypomorphic allele
appears to be a null and is carried without evident harm 259, so partial loss is
tolerated; and interferon-score methodology for this class of disease is
established 260, which means a central pharmacodynamic readout is at least
conceivable.

And the negative prior for anti-inflammatory intervention in this disease is
heavy and should not be forgotten: hydroxychloroquine failed 261, the
non-steroidal prevention trial failed 262, and etanercept was negative 263. A
new mechanism does not exempt a drug from that history. Nor should the
programme's own non-element interventions be forgotten as evidence that
the laboratory tests other routes too: biotin rescues mitochondrial dysfunction
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and neurotoxicity in the fly model 264, and an elevation in translation rate in
early disease is framed by the same group as adaptive rather than toxic 265 —
a more careful posture than the headline claims usually adopt.

31. A Staged Experimental Programme

The experiments below are ordered by the cost of being wrong: the earliest
are cheap and capable of killing the whole proposal, the latest are expensive
and only worth doing if the earlier ones survive.

Stage 1 — is there anything to argue about? (months, existing reagents)

1.  Localise the enzyme in a neuron. Subcellular fractionation plus imaging with
a validated antibody, and ideally the existing tagged knock-in mouse 30,
in sorted cortical and hippocampal neurons from young and old mice
and in human post-mortem neuronal nuclei. Read out: nuclear versus
cytosolic fraction, and chromatin association. A negative here ends the
tether and loop arms.

2.  Map its occupancy in a neuron. Chromatin immunoprecipitation or
CUT&RUN for cGAS in sorted neuronal nuclei. Prediction: enrichment
on satellite and LINE sequence, as in dendritic cells 30. A flat profile
falsifies Step 2 in advance.

3.  Settle the direction of the human chromatin change. Neuron-sorted H3K9me3
CUT&RUN in age-matched Alzheimer's and control brain, with glial
nuclei profiled in parallel from the same tissue, and post-mortem
interval recorded and modelled. This single experiment addresses the
field's central dispute 7, 8, 4 and is overdue by a decade.

4.  Reanalyse what already exists. Run consensus-specific filtering 109 and
long-read-informed reassignment 110 on published Alzheimer's element
datasets 119, 121. Read out: how much of the reported signal survives. This
costs compute and nothing else.

Stage 2 — does relaxation release the enzyme? (one to two years)

5.  Ask whether marks or octamers are lost. Neuron-sorted micrococcal-nuclease
digestion with nucleosome-position calling, plus accessibility profiling, in
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tau mice and human tissue. If octamers persist, Step 2 fails and the tether
arm should be abandoned 6.

6.  Perturb the tether directly. Acidic-patch mutants, and the tether-deficient
enzyme variants already characterised 27, expressed in neurons; read out
chromatin association, element transcripts and interferon.

7.  Separate catalysis from maintenance. Catalytically dead knock-in versus null,
scored for heterochromatin state and element de-repression. If the
maintenance function survives catalytic inactivation, catalytic inhibitors
will not touch the loop 5.

8.  Reproduce the null-mouse chromatin phenotype independently, in neurons. The
single most important replication in this paper 5, 192.

Stage 3 — does it matter? (two to four years)

9.  Neuron-restricted deletion. Conditional deletion of the enzyme in
excitatory neurons of a tauopathy mouse, compared against microglial
deletion in the same background 205, 218. Read out: chromatin state,
element transcripts, interferon, synapse density, behaviour. This is the
experiment that assigns the phenotype to a cell.

10.  Sensor competition. Cross the same tauopathy model to ZBP1-null animals
and to cGAS-null animals, in parallel, with identical readouts 6. Read out:
which deletion rescues, and whether the effects are additive. Without
this, the field will keep arguing about which sensor matters using
non-comparable experiments.

11.  Find the cytosolic species. Immunoprecipitate the enzyme from brain and
sequence the DNA bound to it. No enzyme-bound DNA has ever been
recovered from brain tissue in any species, and until it is, every ligand
argument in this literature — including this paper's — is inference.

Stage 4 — what would change practice

12.  A central pharmacodynamic readout. Interferon scoring in cerebrospinal
fluid, using established methodology 260, in a tauopathy cohort, with the
element measurements made by a method that can survive the passenger
confound.

13.  A controlled trial. The existing clinical evidence is twelve uncontrolled
patients 13. Whatever the mechanism, the next study should be

https://doi.org/10.1038/s41593-026-02299-9
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randomised and placebo-controlled, and should measure both element
transcripts and a chromatin readout, so that a null result is interpretable
rather than merely disappointing.

Two experiments are conspicuously absent from this list because they cannot
be done. Nothing about the tether can be learned in Drosophila, which lacks the
enzyme. And no human causal experiment is possible, which means the
human arm will remain correlational, and the burden falls on getting the
human measurements right rather than on getting more of them.

32. The Ledger

Table 6 — The ledger — every load-bearing claim and its status

Claim Status Strongest
evidence

What is missing

Tau is present in
human neuronal
nuclei and binds DNA

Established Human tissue; in
vitro
minor-groove
binding

Nothing; but the import
route is unknown

Tau relaxes
heterochromatin in fly
neurons

Established Causal genetics,
replicated
independently
twice

Nothing in fly

Tau relaxes
heterochromatin in
human neurons

Contradicted Two human
studies report the
opposite for
H3K9me3

Neuron-sorted profiling in
age-matched tissue

Nuclear tau is a
chromatin-protective
factor

Proposed, and
inconvenient

Four
independent
loss-of-function
lines

Reconciliation with the
gain-of-function model

Nuclear envelope
invaginates in
tauopathy

Established Three
independent
replications,
human and
mouse

Agreement on mechanism

Invaginations export
RNA

Proposed Fly causal, one
laboratory

Any independent test
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Claim Status Strongest
evidence

What is missing

Tau depletes piwi and
piRNAs

Proposed,
unreplicated

Fly causal, one
laboratory, eight
years

Independent replication;
evidence the pathway exists
in mammalian neurons

Element transcripts
rise in Alzheimer's
brain

Proposed Multiple cohorts,
several designs

A method that excludes the
passenger confound;
control for cell composition

Element
complementary DNA
accumulates in
Alzheimer's neurons

Unevidenced None in
Alzheimer's
tissue

Direct measurement

Completed somatic
insertions occur in
Alzheimer's neurons

Unevidenced None Single-cell insertion
profiling in disease tissue

Reverse-transcriptase
activity is present in
human brain

Established Enzymatic assay
in 31 cortices —
and lower in
disease

Cell-composition-corrected
comparison

Element-derived
nucleic acid kills
mammalian neurons

Established,
via ZBP1

PS19 mouse,
causal,
independent

Human validation

cGAS is nuclear and
nucleosome-tethered

Established, in
dividing cells

Five concordant
structures

Any measurement in a
neuron

Nuclear cGAS occupies
repetitive
heterochromatin

Established, in
one
dividing-cell
system

Tagged knock-in
occupancy map

Any measurement in a
neuron

cGAS is present in
neurons at
functionally relevant
levels

Unevidenced Expression
atlases argue
against

Fractionation and imaging
in sorted neurons

Chromatin relaxation
releases tethered cGAS

Unevidenced None Nucleosome-occupancy
measurement in tau models

cGAS maintains
heterochromatin

Proposed One 2026
null-mouse study

Independent replication;
neuronal arm

The Silencer–Tether
loop operates

Unevidenced Novel proposal Four named failure points,
Chapter 26
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Claim Status Strongest
evidence

What is missing

cGAS–STING is
activated in
Alzheimer's brain

Established Multiple models
and human tissue

Which sensor, which ligand,
which cell

That activation is
microglial and
mitochondrial

Established
for the ageing
brain

Two conditional
knockouts plus
pharmacology

Whether it accounts for all
of the signature

Reverse-transcriptase
inhibition benefits
patients

Unevidenced Twelve
uncontrolled
patients

A placebo-controlled trial

What would have to be true. For the thesis of this paper to be right — for the
chromatin programme to connect to cGAS at all — five things must hold, and
each is currently unmeasured or disputed. cGAS must be present in neurons
in functionally relevant amounts, and nuclear. It must be tethered to
heterochromatic nucleosomes there, as it is in dividing cells. Tau-associated
relaxation must involve nucleosome displacement and not merely loss of a
mark. The untethered enzyme must lose its maintenance function, not merely
change compartment. And the human chromatin change must run in the
direction the founding paper reports, which two independent human studies
deny.

That is five conditions, of which one is contradicted and four are
unevidenced. This paper does not claim the loop is real. It claims that the
question is well-posed, that the experiments are cheap and specified, and that
the reason nobody has done them is that the two literatures involved have
never been read together.

What the prize was given for. The proposition that neurodegeneration
follows from what tau does to the three-dimensional packaging of DNA, and
from what that does to a neuron's ability to hold its identity 1. Read narrowly
— as a claim about fly neurons — it is established and independently
replicated. Read as a claim about human neurons, it is an association whose
direction is disputed. Read as a claim about mechanism, its most complete
mammalian demonstration was produced by an unconnected laboratory and
works by a different mechanism with a different sensor 6.

The programme's other proposed consequences of relaxation — nuclear
calcium depletion, nonsense-mediated decay failure, an element-derived
gag-like protein as an effector 266, actin overstabilisation driving cell-cycle

https://news.utsa.edu/2022/06/alzheimers-researchers-awarded-4m-in-oskar-fischer-prizes-from-utsa/
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activation 267 — are each demonstrated once, in fly, by one laboratory. A
programme that generates many mechanisms and independently confirms
few is not thereby wrong. It is unfinished, and the commentary that
accompanied its founding paper said as much at the time, in asking what the
therapy would target 268.

The endpoint that all of it must eventually explain has not changed since
1991: synapse loss is what tracks cognition 25. Nothing in this paper, and
nothing in the programme it examines, has yet connected a chromatin
measurement in a human neuron to a synapse.

https://doi.org/10.1016/j.isci.2023.106152
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