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1st Editorial Decision 13th Mar 2026

Dear Dr. Hafner,

Thank you for the submission of your manuscript EMBOJ-2026-123845 for consideration by The EMBO Journal, and for your
patience during peer review. Your manuscript has now been seen by three experts in the field, and we have received the full set
of their reports, which you can find appended below.

As you will see, the referees indicate interest in your study, acknowledge the relevance of the topic and the question addressed,
and recognize the potential significance of the results. However, they also identify a number of limitations and raise several
concerns. Importantly, there is consensus among them that not all relevant literature has been appropriately cited and
discussed, and that the interpretation and presentation of your results are not entirely balanced and remain to some extent
speculative. They also raise technical concerns, regarding for example the specificity of the used antibodies and some controls,
among other points.

On balance, our decision was that we would like to invite you to submit a substantially strengthened revised version of your
manuscript taking the referees' comments and suggestions on board. | should note that for the revised version to be considered
further for publication in The EMBO Journal, the text must be carefully revised throughout the manuscript to present,
contextualize and discuss the results in a balanced manner, citing all relevant studies, clarifying the novelty of the new study
over the literature, and acknowledging the possibility that other processes may also contribute to the disease initiation. The
conclusions of the study should be fully supported by the available data. Any discussion of more speculative nature should be
clearly presented as such in the Discussion section of your revised manuscript. Furthermore, the revision should convincingly
address all technical issues raised by the referees.

Along with your revised manuscript, please also prepare and submit a detailed point-by-point response fully addressing all
referee comments. Please note that it is The EMBO Journal policy to allow only a single round of major experimental revision,
and acceptance of your manuscript will therefore depend on the completeness of your responses in this revised version and
your point-by-point response. Given the nature of the raised concerns, | think it would be very useful to discuss your revision
plan and its feasibility already during the initial phase of your revision. You are very welcome to share with me a draft point-by-
point response letter/revision plan explaining how you would try to address the referees' concerns, and if there are any points
you do not agree with or cannot address. | would also be happy to arrange a video call with you to discuss the details further if
this might be useful.

We generally allow three months as standard revision time (12 June, 2026). As a matter of policy, competing manuscripts
published during this period will not negatively impact our assessment of the conceptual advance presented by your study.
However, we request that you contact us as soon as possible upon publication of any related work, to discuss how to proceed.
Should you foresee a problem in meeting this three-month deadline, please let us know in advance and we will be able to grant
an extension.

Please let me know if you have any questions or comments that you would like to discuss with me. Thank you for the opportunity
to consider your work for publication in The EMBO Journal. | look forward to your revision.

Best regards,
loannis
loannis Papaioannou, PhD

Editor, The EMBO Journal
i.papaioannou@embojournal.org
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Instructions for preparing your revised manuscript

*kkkk

1. When you are ready to submit the revision, please upload:

- A Word file of the manuscript text (including legends of main Figures, EV Figures and Tables). Please make sure that changes
are highlighted (or "tracked") to be clearly visible.

- Individual production-quality figure files (one file per figure). When assembling your figures, please refer to our figure
preparation guidelines in order to ensure proper formatting and readability in print as well as on screen:



https:/bit.ly/EMBOPressFigurePreparationGuideline

If the data shown in a figure are obtained from n {less than or equal to} 2, please use scatter plots showing the individual data
points.

Please also include scale bars in all microscopy images.

The following points must be specified in each figure legend:

i. the name of the statistical test used to generate error bars and P values

ii. the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point
(discussion of statistical methodology can be reported in the Materials and Methods section, but figure legends should contain a
basic description of n, P, and the test applied)

iii. the nature of the bars and error bars (s.d., s.e.m.).

See also guidelines for figure legends: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

- A point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file). All
referees' concerns must be fully addressed and their suggestions taken on board. When preparing your letter of response to the
referees' comments, please bear in mind that this will form part of the Review Process File and will therefore be available online
to the community. Please note that you have the possibility to opt out of the transparent process at any stage prior to publication
by letting the editorial office know (contact@embojournal.org); if you do opt out, the Review Process File link will point to the
following statement: "No Review Process File is available with this article, as the authors have chosen not to make the review
process public in this case.". For more details on our Transparent Editorial Process, please visit our website:
https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

- Expanded View (EV) files (replacing Supplementary Information) that are collapsible/expandable online. A maximum of 5 EV
Figures can be typeset. EV Figures should be cited as "Figure EV1, Figure EV2" etc. in the text, and their respective legends
should be included in the manuscript file after the legends of regular figures. See detailed instructions regarding Expanded View
files here:

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called "Appendix", which should start with a short Table of Contents (including page numbers). Appendix
figures should be referred to in the main text as: "Appendix Figure S1, Appendix Figure S2" etc. Please see detailed instructions
here: https://www.embopress.org/page/journal/14602075/authorguidef#fexpandedview

- A complete author checklist, which you can download from our author guidelines
(https://'www.embopress.org/page/journal/14602075/authorguide). Please note that the checklist will also be part of the Review
Process File.

2. Please note that no statistics should be calculated and shown in Figures if n=2. Please also note that each p value should be
reported as an exact value.

3. Before submitting your revision, primary datasets (and computer code, where appropriate) produced in this study need to be
deposited in appropriate public databases (see https://www.embopress.org/page/journal/14602075/authorguide#dataavailability).
In particular, all datasets such as DNA or RNA sequencing data, or mass spectrometry data generated in the study must be
deposited in appropriate repositories. The accession numbers, database, and the specific URLs (links) should be listed in a
formal "Data availability" section (placed after Methods), following the example below:

"The RNA-seq datasets produced in this study are available in the following database:
Gene Expression Omnibus GSE46843 (https://www.ncbi.nim.nih.gov/geo/query/acc.cgi?acc=GSE46843)"

*** All links should resolve to a page where the data can be accessed. ***

*** Please remember to provide in the Data availability section of your revised manuscript reviewer passwords if the datasets
are not yet public. ***

*** The Data Availability Section is restricted to new primary data that are part of this study. In case you have no data that
require deposition in a public database, please state so instead of referring to the database: "Our study includes no data

nookkk

deposited in public repositories.” under the heading "Data availability".

4. The materials and methods need to be described in the manuscript using our structured methods format, which is now
required for all research articles. According to this format, the Methods section includes a single "Reagents and Tools Table" -
listing key reagents, experimental models, software and relevant equipment including their sources and relevant identifiers-
followed by a "Methods and Protocols" section describing the methods. Please download and fill our Reagents and Tools Table
template (.docx), which you can find in our author guide:
https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods. When submitting your revised manuscript,
please do not include the Reagents and Tools Table in the Methods section of the manuscript but instead upload it as a



separate file choosing the file type "Reagent Table".

5. Please check that the title and the abstract of the manuscript are brief, yet explicit, even to non-specialists. The length of the
title should not exceed 100 characters, and the abstract should be a single paragraph not exceeding 175 words.

6. Please also note our reference format: https://www.embopress.org/page/journal/14602075/authorguide#referencesformat.

7. At EMBO Press we ask authors to provide source data for the main manuscript figures. You will receive a separate email with
instructions for providing source data with your revised manuscript, including how to upload and organize the files.

8. Please remember: digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the "Materials and Methods" section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

9. Our journal encourages inclusion of data citations in the reference list to directly cite datasets that were obtained from public
databases. Data citations in the article text are distinct from normal bibliographical citations and should directly link to the
database records from which the data can be accessed. In the main text, data citations are formatted as follows: "Data ref: Smith
et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list, data citations must be
labeled with "[DATASET]". A data reference must provide the database name, accession number/identifiers, and a resolvable
link to the landing page from which the data can be accessed at the end of the reference. Further instructions are available at:
https://www.embopress.org/page/journal/14602075/authorguide#referencesformat.

10.  We request authors to consider both actual and perceived competing interests. Please review our policy
(https://www.embopress.org/page/journal/14602075/authorguide#conflictsofinterest) and update your competing interests
statement if necessary. Please name this section 'Disclosure and competing interests statement' and place it after the
Acknowledgements section.

11.  Please note that all corresponding authors are required to provide an ORCID ID upon submission of a revised manuscript
(https://orcid.org/). Please find instructions on how to link your ORCID ID to your account in our manuscript tracking system in
our Author guidelines

(https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines).

12.  We use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the author
contribution section, which should be removed from the manuscript. Please use the free text box to provide more detailed
descriptions. See also guide to authors:

https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines.

13.  Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide

14.  We would also welcome the submission of cover suggestions or motifs to be used by our Graphics lllustrator in designing
acover.

Referee #1:

This is a very interesting and technically high-level manuscript working to define the role of APP CTFs- specifically C99)- in the
presynapse. A large body of work has shown that APP, its metabolites and amyloidogenic processing components are present
and active at synapses, including presynapses, where APP appears to be preferentially trafficked to and processed. The
accumulation of APP CTFs in neuritic dystrophies (typically axonal, and also presynaptic) in Alzheimer's disease (AD) brains
has been known for about 45 years. The transport to and processing of APP at synapses further suggests a function there,
which this manuscript provides several important new insights into.

Major point
This study is from very competent neuroscientists, who have been influenced by a hypothesis that is a minority view, which is
that APP CTFs rather than Abeta42/43 initiate the AD disease process. This reviewer believe that both are involved in initiating



AD. However the role for Abeta42/43 in AD is significantly greater than the authors describe in their manuscript. A potential
issue with this otherwise excellent work is that many but far from all of their work relies on chemical treatments which can be
tricky and can be more complex than they might seem. Inhibitors do not purely inhibit the step one wants them to. GSI and BSI
have other substrates, while APA is less well understood. To their credit, they show that "To ensure that excitatory synapse
enlargement was due to APP-CTFB accumulation and/or A decrease and not to another substrate of y-secretase, we repeated
this experiment while knocking down APP using siRNA (fig. S10). The effect was not observed in neurons transfected with
siRNA targeting APP indicating that APP-CTF[ accumulation and/or AB decrease are driving the increase in excitatory synapse
size" This is an important experiment and better than just relying on GSI, as others who have supported CTFs have tended to
do. The APP shRNA could have had a shRNA control, since the procedure can itself have effects in neurons. Nevertheless, it is
a clear strength, although it's not used as a control for all their experiments with these treatments.

When they suggest that CTFs might be important to AD initiation separate from extracellular Abeta, they may not be aware
about the extensive literature on intracellular and intra-synaptic Abeta, which could place CTFs and Abeta42 together in causing
synapse alterations that initiate AD: see e.g. Bilousova T et al., 2016; Eckmann EA et al., 2023: Takahashi RH et al., 2002;
Kobro-Flatmoen A et al., 2016; Yuan P, Zhang N, Tong L, Morse TM et al., 2024. This intraneuronal pool of Abeta is more
difficult to detect, however, low levels can still be potent.

Related point

Regarding the first sentence of their Introduction: Abeta is not only considered important for AD because of its aggregation
propensity and it being the building block of plaques." There is significantly more important evidence, especially since plaques
don't correlate well with cognitive decline. The hundreds of genetic mutations causing familial AD all point to Abeta; in contrast
to plaques, soluble Abeta42 levels in brain correlate with cognitive decline (McLean CA et al., 1999; Lue LF et al., 1999), and a
drop in Abeta42 (not changes in CTFs) is the earliest validated biomarker for AD. In the Discussion they go into the protective
Icelandic variant and the Swedish mutation to argue for CTFs but fail to mention the numerous mutations affecting the C-
terminus of Abeta that lead to elevated levels of more aggregation-prone Abeta42 or 43. Recently it was also reported that even
when a presenile 1 mutation leads to inability to cleave, a heterozygous mouse model with such a mutation still leads to more
Abetad?2 (from WT PS1 and PS2s) (Sanjuan-Ruiz | et al., 2025). Further down they cite a literature suggesting Abeta-
independent effects of APP CTFs. A key experiment used in many of these studies is complex. After showing toxic effects in
cells that have elevated CTFs but also Abeta, treatment with GSI is used to see if by blocking Abeta production, the toxicity
might be rescued. Because this doesn't happen, Abeta independence is argued for. GSI is not a trivial treatment. Without
gamma-secretase activity, mouse embryos die in utero (while attributed to loss of Notch signaling, numerous important proteins
-over a hundred including important synaptic proteins, e.g. in their citation of Restituito S et al., 2011- rely on this cleavage.
Thus, it can be tricky to know how GSI is acting. An experiment used in the current manuscript is however much stronger in that
they also give GSI this in the presence of APP knockdown.

Other points

Further down in the Discussion they write "Therapeutic strategies singularly aimed at reducing AB levels or its aggregation have
faced significant challenges in clinical trials, making AD drug development a pharmaceutical graveyard.” That is not totally
untrue but one should also keep in mind that reducing Abeta has also been the first and only therapy that showed clinical
benefits in blinded clinical studies. In contrast, non-Abeta targets have so far failed 100% of the time in slowing down the
disease.

They should provide a bit more information about Aftin-4 (APA). Most are familiar with beta and gamma-sec inhibitors but the
mechanism of action of APA-4 appears complex and not fully clear. APA was reported to increase Abtea42 but not 40 and even
to lower Abeta38.

It isn't clear from the manuscript what form of Abeta they used when they first use it: was it Abeta1-42? This starts aggregating
immediately in solution such as their 100 nM solution and even more in their earlier 230 microM solution; 10 minutes of
sonication will not dissolve it all to monomers. Also 100 nM is 1000 fold higher than physiological for extracellular Abeta42,
which for the extracellular fluid CSF is 100-250 pM. Thus, their use of the term "monomeric” is not ideal. It is likely a mixture of
monomers and various oligomeric species. Running it on a non-denaturing gel would give information about this. Later in the
Results they do experiments where they treat separately with 42 and other Abeta peptides, but the precise species the use
should be clear throughout.

On line 28 of the Discussion they write "We show that in endogenous conditions, APP and its amyloidogenic processing
components are predominantly localized to excitatory presynaptic terminals." Although it is well known that APP is at synapses
and traffics there by fast axonal transport, that does not mean most is there. Labeling with an APP CTF specific antibody
typically shows most labeling in the area of the Golgi apparatus and in transport and endosomal/autophagic vesicles throughout
the cell with eventual degradation in lysosomes. It is also long known that APP processing occurs heavily at synapses where
beta- and gamma-secretases have been shown to reside. Remarkably, synaptic activity was shown to promote axonal transport
to synapses and generation of Abeta.

They might take a look at a few more recent articles relating to AD ,hyperexcitability and synapses, such as Papanikolaou A et
al., 2025, Wilson P, Kim N, et al.2025, Martinsson | et al., 2022, Zarhin D et al., 2022, Zott D et al., 2019, and even Wei W,
Nguyen LN et al., 2009, amongst others.



Referee #2:
Review report to Kapadia et al. EMBOJ-2026-123845

Summary

This study by Kapadia et al. investigates the synaptic localization of full length APP-FL and its proteolytic products, in particular
that of APP-C-terminal fragments (CTFs) to elucidate whether a presynaptic accumulation of CTFs causes presynaptic
dysfunction and whether this results in early hyperexcitability in AD.

To this end the authors use fluorescent activated synaptosome sorting from mice with a GFP-knockin into the vGlut1-locus to
enrich for synaptosomes from excitatory synapses. They identify in these preparations an enrichment of APP-FL, APP-CTFs as
well as all relevant secretases. They investigate the subcellular localization of APP-FL and APP-CTFs and report a selective
enrichment of APP-CTFs as compared to APP-FL in presynaptic compartments that is further enhanced by inhibition of
amyloidogenic processing. This leads to enhanced synaptic vesicle release probability and thus deficits in vesicle release, as
revealed by Ca2+ imaging, SynaptoRed- and Syp-pHflourin imaging in primary neurons. Using immunoisolation the authors go
on to show that APP-CTFs associate with the active zone and that this can be enhanced under GSI conditions.

General remarks

The concept that accumulation of APP-CTFs can drive presynaptic dysfunction is not novel. In fact, Barthet et al. 2018
(PMC6235831, see also review by Barthet and Mulle, 2020) previously analyzed presynaptic function in mice with a presynapse-
specific KO of PS1/PS2 at Mossy fiber to CA3 synapses. This resulted in impaired presynaptic facilitation and impaired
replenishment of the synaptic vesicle pool, which was associated with a drastic reduction in the Ca2+ sensor Synaptotagmin 7.
Importantly, it was further shown (using APP-KO/PS1-KO mice) that the depletion of Syt7 was dependent on APP, specificaly
the accumulation of APP-CTFs at presynaptic sites. This in vivo study was not quoted nor discussed by the authors. The
authors need to address in detail how their study, conducted in vitro, adds conceptually to this previous knowledge. The claim of
conceptual novelty that APP-CTF accumulation drives presynaptic dysfunction is therefore not justified.

In addition, there are major technical limitations (see below) that compromise the conclusions drawn and preclude publication in
its present form.

Specific comments:

Point 1: Related to Fig1, but also applies to all other figures. The study essentially relies on antibodies used in WB, ICC, ELISA
and proteomics to deduce the specific localization of APP and its fragments at the synapse.

A major concern is therefore the specificity of the Abs for APP-FL and CTFs that are key for the whole study. Here, it is essential
to provide experimental evidence, that is currently lacking, that Abs recognize with high specificity and selectivity the claimed
fragments and to exclude cross-reactivity with APP-FL (see my comments for example for M3.2 below). Only antibodies directed
against a cleavage specific neo-epitope allow to distinguish unambiguously between CTFs and APP-FL. All other antibodies
directed at the C-terminus will inevitably also recognize APP-FL, which is particularly relevant in ICC or IHC where the size of
Fragments cannot be relvealed.

If stainings with different antibodies are compared, e.g a staining directed against an N-terminal epitope (e.g. polyclonal rabbit
SAB4200536) versus a staining using a C-terminal epitope, differences in localization to a certain subcellular structure may
result from differences in the affinity and thus sensitivity of the antibodies. Lack of presynaptic staining (or less intense staining)
with the N-terminal Ab may result from insufficient sensitivity. This issue needs to be addressed and excluded experimentally.

In each figure panel it must be specifically stated which Ab from the long list was used (e.g. 4 different Ab are directed against
the C-terminus).

Moreover, for ICCs negative controls for background staining need to be provided and APP-KO neurons should be used to
exclude unspecific signals, that have been notoriously found in the AD field.

In addition, the authors should generate a schematic figure depicting the various APP processing products and antibodies used
to distinguish between them or indicate overlapping reactivity.

In the methods section on page 19 the antibody M3.2 is indicated as APP-C-terminus specific. This is actually not true as the
antibody binds between the b- and a-secretase site and will therefore detect both APP-FL and CTFb. Also C1/6.1 will detect
both APP-FL and CTFs

Specific comments to Fig 1 O : It is unclear how APP-FL was distinguished from APP-CTFs (CTFa or CTFb?) using ICC on
primary neurons, please explain this essential point and provide additional data (see my remarks above). The M3.2 antibody , as
well as C1/6.1, is not suited for distinguishing APP-FL from APP-CTFs (see above). Also the details provided in Table S1 and



S2 are not sufficient and need to be further validated by showing experimental data for the specificity/epitope of each antibody.
This also applies to in house generated antibodies (JW, Eurogentec 3125 and 140-rb).

Point2, related to Fig 1: The authors state that most vGAT -enriched synapses (GFP) did not contain APP, APP-CTFs, BACE
and PSEN. This statement, also made in the abstract, needs to be toned down as panels Fig 1G-N clearly show that these
proteins were pretty abundant and detected at about 50% in GFP-negative synapses. There is also evidence from studies using
interneuron-specific BACE-KO models that a large proportion of Abeta is generated by interneurons (e.g Rice et al.,
PMC6950898) and scRNAseq data show the co-expression of APP and of the secretase machinery in interneuron populations.
Point 3, related to Figure 2: the authors use various secretase inhibitors to modulate the abundance of APP fragments in
particular APP-CTFs. In Fig 2F it is again unclear how APP-FL and APP-CTFs were distinguished. Please also specify how the
biological replicates were obtained, what means N=47

Point 4, related to Figure S3, panel A-E: ELISA was used to monitor the specificity and efficiency of secretase inhibitors. It
appears that the data are not always supporting the expected modulation of the pathways. e.g the ASM (a-secretase inhibitor)
did not significantly reduce sAPPa and BSI did not reduce sAPPb. The same is true for WBs of neuronal homogenates (Fig
S3G, H): ASM and GSI did not modulate levels of APP-CTFa and BSI did not modulate CTFb, respectively. These
pharmacological agents have previously been used by many labs in primary neurons with the expected outcomes, also without
enrichment for synaptosomes. The ELISA used is not the most sensitive available in the field (e.g. compared to MSD ELISAs).
These shortcomings need to be improved, or the focus should shift to GSI inhibitors only, that showed robust data.

Point 5, related to Figure 2 G.

The authors assess synapse size from ICC in primary neurons by calculating the vGlut1 positive area. This needs to be
substantiated with an independent measure of synapse size.

There is also concern that vGlut1 positive puncta detected in primary neurons do not necessarily represent mature and active
synapses. Staining with a postsynaptic marker is needed to substantiate these findings and all conclusions drawn from it.

Point 6, related to Fig 5A,B. Please describe in more detail the blots depicted in panels A and B , the labelling of the Y axis and
how the quantitative evaluation of the data was performed.

Minor points

1) The paper focuses primarily on CTFb, although the physiologically most relevant pathway in wildtype neurons is CTFa.
Please comment and explain.

2) The discussion is in part highly speculative and rather general (e.g. Page 15, lines 8-17) It would greatly benefit from a clear
focus that is more closely related to the data presented.

3) Page 15, line 20: check wording and grammar

Referee #3:

- general summary and opinion about the principle significance of the study, its questions and findings

APP, the mother protein of peptide Abeta, is expressed in most of brain cells. Its processing is highly complex, modulated by
different consecutive cleavages by different enzymes as BACE, ADAM and gamma-secretase. The authors address a very
important questions in the field of neurophysiology and in particular in the context of Alzheimer's disease. Is there a cell type
difference in what regards to the expression of APP and APP processing ? If so, will this difference have a functional impact,
which could be related to AD pathology if APP processing is changed ? Which APP fragment would be the culprit contributing
the most to AD ?

To my knowledge the authors presented convincing data to these questions with elegant technical approaches.

- specific major concerns essential to be addressed to support the conclusions
| don't have major concerns.

- minor concerns that should be addressed

the study would benefit from an experiement showing a the observed prevalence of APP and BACE expression in excitatory
neurons from a human model, thus allowing translation of the observed results. The authors show the increased expression of
APP-CTFbeta in AD brains through electronic microscopy, but these data does not convincingly show that APP and
amyloidogenic pathway is prevalent in excitatory neurons indetriment to inhibitory neurons.

- any additional non-essential suggestions for improving the study (which will be at the author's/editor's discretion)
The discussion presents several sentences that are quite speculative. | would suggest the authors to restrain the discussion to
the data in regard to the literature. Ex. Line 8 to 17, page 15.



1st Authors' Response to Reviewers 24th Apr 2026

We thank the editor for the careful evaluation of our manuscript- EMBOJ-2026-123845,
entitled ‘Alzheimer's disease related accumulation of APP-CTFB drives presynaptic
dysfunction’. We are grateful for the time and expertise involved in accessing our work.
We appreciate the reviewers’ assessment of the relevance of the topic, technical breadth
of the study, as well as the potential significance of the findings. We appreciate the
constructive comments and suggestions which have significantly improved the
manuscript in its revised form.

All comments and suggestions raised by the reviewers have been addressed (indicated
in blue). In particular, we have revised the text throughout to ensure a balanced
presentation and interpretation of the data, rephrased speculative statements, clarified
the scope and novelty of the study in the context of the existing literature data. The revised
discussion section of the manuscript expands on complementary mechanisms
contributing to AD, to better position our findings in the current state of the field.

In addition, technical concerns raised during review regarding antibody usage and
specificity, figure legends, methodological descriptions, interpretation of imaging data,
and respective controls have been addressed to strengthen the rigor and transparency of
the study.

We are pleased to herewith submit a substantially strengthened revised version of the
manuscript and the Sl file, along with a detailed point-by-point response to all reviewer
comments answered below.

Referee #1:

This is a very interesting and technically high-level manuscript working to define the role
of APP CTFs- specifically C99)- in the presynapse. A large body of work has shown that
APP, its metabolites and amyloidogenic processing components are present and active
at synapses, including presynapses, where APP appears to be preferentially trafficked to
and processed. The accumulation of APP CTFs in neuritic dystrophies (typically axonal,
and also presynaptic) in Alzheimer's disease (AD) brains has been known for about 45
years. The transport to and processing of APP at synapses further suggests a function
there, which this manuscript provides several important new insights into.

Author response: We thank the reviewer for their thoughtful comments and appreciate
their encouraging assessment of our work.

Major point
This study is from very competent neuroscientists, who have been influenced by a
hypothesis that is a minority view, which is that APP CTFs rather than Abeta42/43 initiate



the AD disease process. This reviewer believe that both are involved in initiating AD.
However the role for Abeta42/43 in AD is significantly greater than the authors describe
in their manuscript.

Author response: We agree with the reviewer, AD is a complex, multifactorial disorder in
which both AB-species and APP/APP-CTFs/B contribute to disease initiation and
progression. We have revised the manuscript significantly to reflect on these aspects
while positioning our work within the broad framework of AD, highlighting an additional
complementary mechanism triggering early AD onset.

A potential issue with this otherwise excellent work is that many but far from all of their
work relies on chemical treatments which can be tricky and can be more complex than
they might seem. Inhibitors do not purely inhibit the step one wants them to. GSI and BSI
have other substrates, while APA is less well understood. To their credit, they show that
"To ensure that excitatory synapse enlargement was due to APP-CTF@ accumulation
and/or AB decrease and not to another substrate of y-secretase, we repeated this
experiment while knocking down APP using siRNA (fig. S10). The effect was not
observed in neurons transfected with siRNA targeting APP indicating that APP-CTF3
accumulation and/or AR decrease are driving the increase in excitatory synapse size"
This is an important experiment and better than just relying on GSI, as others who have
supported CTFs have tended to do. The APP shRNA could have had a shRNA control,
since the procedure can itself have effects in neurons. Nevertheless, it is a clear strength,
although it's not used as a control for all their experiments with these treatments.

Author response: We thank the reviewer for highlighting this important aspect of using the
pharmacological approaches (inhibitors/modulators) that affect multiple substrates
beyond APP. To address this, we have employed several complementary strategies
throughout the study:

(i) use of other pharmacological modulators targeting distinct steps of APP processing,
both amyloidogenic and non-amyloidogenic (ASM and Notch signaling)- Ext. Fig. 2A-H,
Sl Fig, S2D, S5E-I.

(ii) importantly use of siRNA reducing APP levels helps us distinguish APP-related and
unrelated effects, specifically when inferring the effects of APP-CTFs/B-accumulation,
which is an important part of this study Sl, Fig. S7. Here, we restricted the APP
knockdown experiments to conditions where key interpretations were made. This
provides observed effects that are specifically linked to APP-CTFs/B and/or APP-
processing- rather than off-target drug effects.

When they suggest that CTFs might be important to AD initiation separate from
extracellular Abeta, they may not be aware about the extensive literature on intracellular



and intra-synaptic Abeta, which could place CTFs and Abetad42 together in causing
synapse alterations that initiate AD: see e.g. Bilousova T et al., 2016; Eckmann EA et al.,
2023: Takahashi RH et al., 2002; Kobro-Flatmoen A et al., 2016; Yuan P, Zhang N, Tong
L, Morse TM et al., 2024. This intraneuronal pool of Abeta is more difficult to detect,
however, low levels can still be potent.

Author response: We agree, intracellular pools of AB, although technically challenging to
detect (Wilson, Doms, and Lee 1999; Oddo et al. 2006; Skovronsky, Doms, and Lee
1998: Gouras, Willéen, and Tampellini 2012), have been widely reported and exert potent
synaptic effects even at lower concentrations (Cavallucci, D’Amelio, and Cecconi 2012;
Siddu et al. 2025). This has now been cited in the discussion aspect of the manuscript
wherein we indicate that the shift in physiology-to-pathology effect of A is concentration
dependent.

We would also like to point out that the intracellular pools of AR could also be in some
part APP-CTF species which are cross-detected using antibodies that could indirectly
detect other species (S. Hunter and Brayne 2017).

Additionally, we would like to point out that the effects we report linked to the accumulation
of APP-CTF after inhibition of y-secretase occur while AB levels are significantly reduced
- as this is also a consequence of our treatment (see Figure 2A-E). Thus, the increased
network activity in response to increased levels of APP-CTFf is undoubtedly independent
of AB which is not being produced anymore.

Related point

Regarding the first sentence of their Introduction: Abeta is not only considered important
for AD because of its aggregation propensity and it being the building block of plaques."
There is significantly more important evidence, especially since plaques don't correlate
well with cognitive decline. The hundreds of genetic mutations causing familial AD all
point to Abeta; in contrast to plaques, soluble Abeta42 levels in brain correlate with
cognitive decline (McLean CA et al., 1999; Lue LF et al., 1999), and a drop in Abeta42
(not changes in CTFs) is the earliest validated biomarker for AD. In the Discussion they
go into the protective Icelandic variant and the Swedish mutation to argue for CTFs but
fail to mention the numerous mutations affecting the C-terminus of Abeta that lead to
elevated levels of more aggregation-prone Abeta42 or 43. Recently it was also reported
that even when a presenile 1 mutation leads to inability to cleave, a heterozygous mouse
model with such a mutation still leads to more Abetad42 (from WT PS1 and PS2s)
(Sanjuan-Ruiz | et al., 2025). Further down they cite a literature suggesting Abeta-
independent effects of APP CTFs. A key experiment used in many of these studies is
complex. After showing toxic effects in cells that have elevated CTFs but also Abeta,
treatment with GSlI is used to see if by blocking Abeta production, the toxicity might be



rescued. Because this doesn't happen, Abeta independence is argued for. GSI is not a
trivial treatment. Without gamma-secretase activity, mouse embryos die in utero (while
attributed to loss of Notch signaling, numerous important proteins -over a hundred
including important synaptic proteins, e.g. in their citation of Restituito S et al., 2011- rely
on this cleavage. Thus, it can be tricky to know how GSI is acting. An experiment used in
the current manuscript is however much stronger in that they also give GSI this in the
presence of APP knockdown.

Author response: We agree that y-secretase inhibition using pharmacological treatments
is difficult to interpret due to the broad substrate and essential biological roles. Combining
multiple perturbations within a single experiment paradigm increases biological
complexity and limits interpretability. Thus, our stepwise approach using complementary
strategies where key interpretations were made to specifically disentangle APP-
processing-APP-CTFs rather than off-target drug effects.

Other points

Further down in the Discussion they write "Therapeutic strategies singularly aimed at
reducing AB levels or its aggregation have faced significant challenges in clinical trials,
making AD drug development a pharmaceutical graveyard." That is not totally untrue but
one should also keep in mind that reducing Abeta has also been the first and only therapy
that showed clinical benefits in blinded clinical studies. In contrast, non-Abeta targets
have so far failed 100% of the time in slowing down the disease.

Author response: While AB remains the only clinically validated target till date, monoclonal
AB-targeting antibody therapy has shown significant success in clearing AB load in patient
brains, but the positive changes in memory and cognition remain modest (P. Hunter 2024;
Panza et al. 2025; Lozupone et al. 2025; Chundu et al. 2025). Currently this is attributed
to the fact that clinical trials cohorts were late stage AD patients, attributed as the “too
late” hypothesis; and thus, there is a push to apply antibody therapy to patients in the
early stages of the disease (Guiloff and Rudge 2024; van Dyck et al. 2023; Honig et al.
2024). Our experiments show that if monomeric AB is removed at early stages of the
disease it may shift/change the stoichiometry of APP and its proteolytic products, which
could have detrimental effects on synapse and neuron homeostasis. Taken together, we
thus propose that there is an unmet need in finding effective therapeutics, and
researchers should also further explore complementary/parallel approaches involving the
contribution of APP-CTFs/B to synaptic and neuronal dysfunction during AD onset. This
has been included in the discussion section of the revised manuscript.

They should provide a bit more information about Aftin-4 (APA). Most are familiar with
beta and gamma-sec inhibitors but the mechanism of action of APA-4 appears complex



and not fully clear. APA was reported to increase Abtea42 but not 40 and even to lower
Abeta38.

Author response: There is extensive literature on the effects of Aftin-4 to modulate y-
secretase activity shifting the production to longer forms of AB42 species (Bettayeb et al.
2012; Hochard et al. 2013; Meunier et al. 2015; Znidar$i¢ et al. 2024). Herewith we
compare the effect of Aftin-4 treatment on rat primary neurons — ELISA comparing ABx-
40, Apx-42, ABx-38, total AB and sAPPa/B; in our tested model system. We see a ~2-fold
increase in AB levels (Fig. 2D-E, Ext. Fig. 2A-E).

It isn't clear from the manuscript what form of Abeta they used when they first use it: was
it Abeta1-42? This starts aggregating immediately in solution such as their 100 nM
solution and even more in their earlier 230 microM solution; 10 minutes of sonication will
not dissolve it all to monomers. Also 100 nM is 1000 fold higher than physiological for
extracellular Abeta42, which for the extracellular fluid CSF is 100-250 pM. Thus, their use
of the term "monomeric" is not ideal. It is likely a mixture of monomers and various
oligomeric species. Running it on a non-denaturing gel would give information about this.
Later in the Results they do experiments where they treat separately with 42 and other
Abeta peptides, but the precise species the use should be clear throughout.

Author response: Yes, experiments described in the manuscript (main figure 3) were done
using AB1-42, wherein control experiments used AB1-40 and AB42-1 (Ext. Fig. 3). This
has now been clarified in the text, figures and the respective figure legends.

We appreciate this important point about the

§ 3 3 § $ 3 I 3§ 3 aggregation propensity of AR42 peptides. All

T I3 - T 22 AP solutions were prepared by solubilizing the
lyophilized peptides in NaOH solution, followed

o by sonication cycles, and flash-freezing; a
&) widely used and optimised protocol to minimize
aggregation (Fezoui et al. 2000; Teplow 2006;

1 Taylor et al. 2023; Kumar et al. 2016, 2011;
381 - Venegas et al. 2017). We have herewith
2 provided a western blot showing that AP
ﬂ: _. peptides prepared using this technique is
IP— mostly unaggregated and remains in
3 * - monomeric form, even when stored in
2964 4G8 82F1 concentrated 230 uM solution. Here we have
Antibody clone loaded 1 pl (containing 1ug peptide each) from

lugpeptida/well the prepared 230 uM flash frozen aliquot.



Indeed it is very well known that AB42 can spontaneously form oligomers when
suspended in cell culture media, thus, keeping this in mind, we designed experiments,
wherein the limited exposure time of 5 min reduces/abolishes the chances of
oligomer/aggregate formation and/or internalization via endocytosis. This validates that
observed effects are via surface interactions and not via triggered intracellular cytotoxic
pathways. WB evaluation under non-denaturation conditions has been indicated in the
revised manuscript Ext. Fig. 3G. Additionally, while the concentration (100 nm) used
exceeded physiological levels, similar concentrations have been previously used in acute
synaptic assays to probe rapid functional effects limiting the possibility of overt toxicity
(Siddu et al. 2025). These aspects have now been clarified and appropriately referenced
in the bibliography.

On line 28 of the Discussion they write "We show that in endogenous conditions, APP
and its amyloidogenic processing components are predominantly localized to excitatory
presynaptic terminals." Although it is well known that APP is at synapses and traffics there
by fast axonal transport, that does not mean most is there. Labeling with an APP CTF
specific antibody typically shows most labeling in the area of the Golgi apparatus and in
transport and endosomal/autophagic vesicles throughout the cell with eventual
degradation in lysosomes. It is also long known that APP processing occurs heavily at
synapses where beta- and gamma-secretases have been shown to reside. Remarkably,
synaptic activity was shown to promote axonal transport to synapses and generation of
Abeta.

Author response: We agree that APP and APP-CTFs exist in two distinct pools, (i)
intracellular mostly associated with intracellular organelles i.e. endo-lysosomes, ER and
Golgi, and the other (ii) plasma membrane at the synapses. While ADAM10 (« secretase)
is equally present in sorted synapse subtypes, only 3-secretase levels are elevated at the
excitatory synapse (see Figure 1); suggesting that amyloidogenic processing of APP is
more prominent at the excitatory synapse. This finding is coherent with established
literature on APP and its processing at synapses which also strengthen our specific
findings (van Oostrum et al. 2023; Fornasiero et al. 2018; Kluever et al. 2022).

They might take a look at a few more recent articles relating to AD ,hyperexcitability and
synapses, such as Papanikolaou A et al., 2025, Wilson P, Kim N, et al.2025, Martinsson
| et al., 2022, Zarhin D et al., 2022, Zott D et al., 2019, and even Wei W, Nguyen LN et
al., 2009, amongst others.

Author response: We thank the reviewer for these references. They have now been
included in the discussion section of the manuscript, contextualizing our findings within
the growing body of synaptic dysfunction and network hyperexcitability in AD.



Referee #2:
Review report to Kapadia et al. EMBOJ-2026-123845

Summary

This study by Kapadia et al. investigates the synaptic localization of full length APP-FL
and its proteolytic products, in particular that of APP-C-terminal fragments (CTFs) to
elucidate whether a presynaptic accumulation of CTFs causes presynaptic dysfunction
and whether this results in early hyperexcitability in AD.

To this end the authors use fluorescent activated synaptosome sorting from mice with a
GFP-knockin into the vGlut1-locus to enrich for synaptosomes from excitatory synapses.
They identify in these preparations an enrichment of APP-FL, APP-CTFs as well as all
relevant secretases. They investigate the subcellular localization of APP-FL and APP-
CTFs and report a selective enrichment of APP-CTFs as compared to APP-FL in
presynaptic compartments that is further enhanced by inhibition of amyloidogenic
processing. This leads to enhanced synaptic vesicle release probability and thus deficits
in vesicle release, as revealed by Ca2+ imaging, SynaptoRed- and Syp-pHflourin imaging
in primary neurons. Using immunoisolation the authors go on to show that APP-CTFs
associate with the active zone and that this can be enhanced under GSI conditions.

Author response: We thank the reviewer for their careful and constructive evaluation of
the manuscript. The comments have helped us improve the scientific rigor and clarity of
our work. We have revised the manuscript extensively throughout.

General remarks

The concept that accumulation of APP-CTFs can drive presynaptic dysfunction is not
novel. In fact, Barthet et al. 2018 (PMC6235831, see also review by Barthet and Mulle,
2020) previously analyzed presynaptic function in mice with a presynapse-specific KO of
PS1/PS2 at Mossy fiber to CA3 synapses. This resulted in impaired presynaptic
facilitation and impaired replenishment of the synaptic vesicle pool, which was associated
with a drastic reduction in the Ca2+ sensor Synaptotagmin 7. Importantly, it was further
shown (using APP-KO/PS1-KO mice) that the depletion of Syt7 was dependent on APP,
specificaly the accumulation of APP-CTFs at presynaptic sites. This in vivo study was not
quoted nor discussed by the authors. The authors need to address in detail how their
study, conducted in vitro, adds conceptually to this previous knowledge. The claim of
conceptual novelty that APP-CTF accumulation drives presynaptic dysfunction is
therefore not justified.

Author response: We acknowledge that this work was not cited in the original version of
our manuscript and have now included it in the discussion section of the revised



manuscript. Our study provides conceptual and mechanistic findings that complement
and extend these previous findings. We have therefore revised the manuscript to
acknowledge that the accumulation of APP-CTFs/ impair presynaptic function.

In addition, there are major technical limitations (see below) that compromise the
conclusions drawn and preclude publication in its present form.

Specific comments:

Point 1: Related to Fig1, but also applies to all other figures. The study essentially relies
on antibodies used in WB, ICC, ELISA and proteomics to deduce the specific localization
of APP and its fragments at the synapse.

A major concern is therefore the specificity of the Abs for APP-FL and CTFs that are key
for the whole study. Here, it is essential to provide experimental evidence, that is currently
lacking, that Abs recognize with high specificity and selectivity the claimed fragments and
to exclude cross-reactivity with APP-FL (see my comments for example for M3.2 below).
Only antibodies directed against a cleavage specific neo-epitope allow to distinguish
unambiguously between CTFs and APP-FL. All other antibodies directed at the C-
terminus will inevitably also recognize APP-FL, which is particularly relevant in ICC or
IHC where the size of Fragments cannot be relvealed.

If stainings with different antibodies are compared, e.g a staining directed against an N-
terminal epitope (e.g. polyclonal rabbit SAB4200536) versus a staining using a C-terminal
epitope, differences in localization to a certain subcellular structure may result from
differences in the affinity and thus sensitivity of the antibodies. Lack of presynaptic
staining (or less intense staining) with the N-terminal Ab may result from insufficient
sensitivity. This issue needs to be addressed and excluded experimentally.

In each figure panel it must be specifically stated which Ab from the long list was used
(e.g. 4 different Ab are directed against the C-terminus).

Author response: First, we would like to clarify that we did not use any proteomics
approach in this study because of the impossibility of distinguishing between APP-FL and
CTFs - due to total sequence overlap, using such mass spectrometry.

We agree with the reviewer that antibody specificity has always been a critical issue in
the field (S. Hunter and Brayne 2017). We have further substantiated the revised
manuscript and Sl files to improve transparency and experimental support for the usage
of antibodies in the different experimental paradigms.




(i) Specific antibody clones used in each experiment have been mentioned now in the
figure legend and modified the labels in the figure panels appropriately.

(i) Tables S2 includes the specific antigen sequences the antibodies target, respectively.
(iii) we have further elaborated on the schematic (previously Fig. S12 now in Fig. Sl Fig.
S9, to depict APP antibody epitopes and their overlapping reactivities.
(iv) Additional WB validation has been provided herewith to demonstrate antibody
behavior.
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Importantly, we agree that antibodies directed to the APP C-terminus do not, by
themselves, unambiguously distinguish APP-FL from APP-CTFs in ICC/IHC due to the
sequence similarity of the C-terminal domain. We have revised the manuscript now to
include the specific antibody clones in each image/experiment to avoid overinterpretation
in cases where APP/APP-CTFs discrimination is not possible by staining alone.
Importantly, the revised manuscript now relies on the specific combination of orthogonal
approaches:

(i) targeting the N and C-terminus specifically to resolve differences,

(ii) western blotting where we can resolve for APP/APP-CTFs,

(iif) manipulation to enrich for specific APP metabolite within physiological levels,

(iv) Sequential immunoisolation approaches.

Thus, we can say with strength that our conclusions do not single-handedly rely on a
detection with a single antibody alone. We have now also toned down the wording in all
relevant sections to enable distinction between full length APP, APP-CTFs wherever
appropriate.

Moreover, for ICCs negative controls for background staining need to be provided and
APP-KO neurons should be used to exclude unspecific signals, that have been
notoriously found in the AD field.



Author response: We have now
vGLUT1 vGAT clarified/added relevant background

) -7} (secondary antibody) controls in the
revised version of the manuscript/SI files
wherever required, please see figure
W below stained without (top) and with APP-
M3.2 antibody (bottom) with Goat anti-
Mouse IgG A488 (Abcam #ab150113). To
further eliminate antibody-based
| background signals, all secondary
antibody combinations were tested in a
pilot experiment. Additionally, we
interchanged the secondary antibodies in
| different experimental conditions and
detected similar  signals across
experiments. Please see the list of
validated fluorescent conjugated
secondary antibodies, mentioned in Sl,
Table S1.

| We agree that while APP-deficient
" conditions (siRNA based knockdown) is a
more stringent specificity control, they were used to only access APP dependence,
strengthening the APP-CTFs/B specifically. Our conclusions are strengthened by
respective staining conditions, western blot validation, pharmacological modulation and
the APP-loss-of-expression control experiments.

In addition, the authors should generate a schematic figure depicting the various APP
processing products and antibodies used to distinguish between them or indicate
overlapping reactivity.

Author response: We thank the reviewer for this helpful comment. A schematic has been
depicted in Sl, scheme S1, depicting the antibody clones used in this study, and their
expected overlapping reactivity profiles.

In the methods section on page 19 the antibody M3.2 is indicated as APP-C-terminus
specific. This is actually not true as the antibody binds between the b- and a-secretase
site and will therefore detect both APP-FL and CTFf. Also, C1/6.1 will detect both APP-
FL and CTFs.



Author response: We have corrected the antibody descriptions and added the relevant
information in the methods table. We apologize for the typographical error. The correct
information was indicated in Sl, Table S2, Additionally, the revised antibody schematics
and tables now reflect these distinctions more accurately.

Specific comments to Fig 1 O : It is unclear how APP-FL was distinguished from APP-
CTFs (CTFa or CTFb?) using ICC on primary neurons, please explain this essential point
and provide additional data (see my remarks above). The M3.2 antibody , as well as
C1/6.1, is not suited for distinguishing APP-FL from APP-CTFs (see above). Also the
details provided in Table S1 and S2 are not sufficient and need to be further validated by
showing experimental data for the specificity/epitope of each antibody. This also applies
to in house generated antibodies (JW, Eurogentec 3125 and 140-rb).

Author response: We agree that this was insufficiently explained. In the revised version
of the manuscript, ICC was not used as a standalone method to distinguish APP-FL from
the CTFs (including alpha and beta-species). This was established by western
immunoblotting and complementary biochemical assays (epitope specific
immunoisolation). The ICC experiments depicted in panel Fig. 10-P were intended to
visualize relative synaptic localization patterns using the epitope-specific antibodies. The
revised version of the manuscript includes the descriptions in the respective figure
legends, tables and figures. In-house generated antibodies have been previously
validated in literature reports published earlier (Wahle et al. 2006; Rijal Upadhaya et al.
2012; Mitroi et al. 2017; Jardanhazi-Kurutz et al. 2010).

Point2, related to Fig 1: The authors state that most vGAT -enriched synapses (GFP) did
not contain APP, APP-CTFs, BACE and PSEN. This statement, also made in the abstract,
needs to be toned down as panels Fig 1G-N clearly show that these proteins were pretty
abundant and detected at about 50% in GFP-negative synapses. There is also evidence
from studies using interneuron-specific BACE-KO models that a large proportion of Abeta
is generated by interneurons (e.g Rice et al., PMC6950898) and scRNAseq data show
the co-expression of APP and of the secretase machinery in interneuron populations.

Author response: This is an important point. We note that the GFP-negative sorted-
synapse population should not be interpreted as a pure inhibitory synapse population.
Rather, it presents vGLUT 1-GFP-depleted material enriched for vGAT-positive synapses,
but this likely contains other synaptic populations and a minor fraction of weakly
fluorescent excitatory synapse populations below the sorting threshold of the FASs sorter.
This has now been explicitly stated in the revised version of the manuscript. Our revised
conclusion is that APP, APP-CTFs and other amyloidogenic processing machinery are
enriched at the excitatory synapses, rather than being completely absent from inhibitory



or GFP-negative fractions. These findings are also further substantiated by additional
results/databases which have specifically isolated synapse-subtype populations using a
similar technique (REF}. We have also incorporated additional literature indicating APP-
processing in interneurons and other neuronal populations.

Point 3, related to Figure 2: the authors use various secretase inhibitors to modulate the
abundance of APP fragments in particular APP-CTFs. In Fig 2F it is again unclear how
APP-FL and APP-CTFs were distinguished. Please also specify how the biological
replicates were obtained, what means N=47

Author response: We have now explicitly clarified/stated that ICC-based distinction is
interpreted in conjunction to validated WB and biochemical experiments.

Biological and technical replicates have been consistently defined throughout the
manuscript. Capital ‘N’ refers to independent biological replicates; i.e., independent
neuronal preparations prepared in different batches. Lowercase ‘n’ refers to technical
replicates or individual measurements within the particular biological replicate. This has
now been clarified in the methods section (statistical analyses) of the manuscript.

Point 4, related to Figure S3, panel A-E: ELISA was used to monitor the specificity and
efficiency of secretase inhibitors. It appears that the data are not always supporting the
expected modulation of the pathways. e.g the ASM (a-secretase inhibitor) did not
significantly reduce sAPPa and BSI did not reduce sAPPb. The same is true for WBs of
neuronal homogenates (Fig S3G, H): ASM and GSI did not modulate levels of APP-CTFa
and BSI did not modulate CTFb, respectively. These pharmacological agents have
previously been used by many labs in primary neurons with the expected outcomes, also
without enrichment for synaptosomes. The ELISA used is not the most sensitive available
in the field (e.g. compared to MSD ELISAs). These shortcomings need to be improved,
or the focus should shift to GSI inhibitors only, that showed robust data.

Author response: Our intention in using multiple modulators was to evaluate
complementary perturbations of APP processing in rat neuronal cultures, and place
primary emphasis on the GSI condition, which yielded the most interesting biochemical
and functional effects. The other conditions are presented as supportive, comparative
manipulations to validate the findings (in particular, GSI) to validate/eliminate
compensatory or off-target consequences. The revised version of the manuscript and the
Sl file improve the focus and avoids overinterpretation of results.

Point 5, related to Figure 2 G.



The authors assess synapse size from ICC in primary neurons by calculating the vGlut1
positive area. This needs to be substantiated with an independent measure of synapse
size.

There is also concern that vGlut1 positive puncta detected in primary neurons do not
necessarily represent mature and active synapses. Staining with a postsynaptic marker
is needed to substantiate these findings and all conclusions drawn from it.

Author response: We agree with the reviewer that vGLUT1-positive area is not alone
sufficient universal proxy for synapse size and maturity of synapse puncta. Thus, the
staining with pan-synaptic marker Synapsin1/2 (Sl, Fig. S5D) as well as loading of
synapses with a synaptic vesicle labelling dye-SynaptoRed (SI, Fig. S5C) was also
performed, which show comparable observations with the vGLUT1-based
measurements.

We have additionally presented a
vGLUT1 PSD9S5 representative co-staining with post-
: synaptic markers to further
substantiate that majority (> 40 %) of
the synapses analyzed in this study
were bonafide synapses in the mature
DIV21 neuronal cultures. We have
revised the wording to presynaptic
bouton area, where appropriate rather
than equating that to the synapse size
in general. We believe that this will

substantially strengthen our interpretation.

Point 6, related to Fig 5A,B. Please describe in more detail the blots depicted in panels A
and B , the labelling of the Y axis and how the quantitative evaluation of the data was
performed.

Author response: We have revised the figure legends and methods section to provide a
more detailed description of the ELISA sandwich strategy. In brief, ELISA plates were first
coated with an antibody of interest (capture antibody), e.g. panel A experiments APP-CT
antibody or panel B antibody against Sty1, Syb or Stx1. Wells were blocked with BSA to
block unreactive sites. These wells were then loaded with synapse homogenates
prepared by mechanistical homogenization in an isotonic buffer to maintain protein-
protein interactions. Following washing steps, a different detection antibody, in panel A
antibody against Syt1, Syb or Stx1 and panel B- APP-CT antibody was used to measure
the amount of each respective protein.



Minor points
1) The paper focuses primarily on CTFb, although the physiologically most relevant
pathway in wildtype neurons is CTFa. Please comment and explain.

Author response: We agree that in the physiological system, non-amyloidogenic
processing and thus the generation of APP-CTFa is highly relevant in wild-type neurons.
Our focus on APP-CTFB stems from the observation that the amyloidogenic machinery
is present explicitly at the excitatory synapse. This also has the strongest functional
phenotype upon APP-CTFB accumulation. The discussion aspect of the revised
manuscript now addresses these aspects.

2) The discussion is in part highly speculative and rather general (e.g. Page 15, lines
8-17) It would greatly benefit from a clear focus that is more closely related to the
data presented.

Author response: The discussion aspect of the manuscript has been rewritten and
rephrased to reduce speculative statements and focus more tightly on the data presented
in this study with links to prior literature, where necessary.

3) Page 15, line 20: check wording and grammar
Author response: The corresponding sentence has been revised for grammar and clarity.
Referee #3:

- general summary and opinion about the principle significance of the study, its questions
and findings

APP, the mother protein of peptide Abeta, is expressed in most of brain cells. Its
processing is highly complex, modulated by different consecutive cleavages by different
enzymes as BACE, ADAM and gamma-secretase. The authors address a very important
questions in the field of neurophysiology and in particular in the context of Alzheimer's
disease. Is there a cell type difference in what regards to the expression of APP and APP
processing ? If so, will this difference have a functional impact, which could be related to
AD pathology if APP processing is changed ? Which APP fragment would be the culprit
contributing the most to AD ?

To my knowledge the authors presented convincing data to these questions with elegant
technical approaches.

- specific major concerns essential to be addressed to support the conclusions
| don't have major concerns.



Author response: We thank the reviewer for their positive and encouraging evaluation of
our work and recognizing the importance and the technical approaches used in this study.

- minor concerns that should be addressed

the study would benefit from an experiement showing a the observed prevalence of APP
and BACE expression in excitatory neurons from a human model, thus allowing
translation of the observed results. The authors show the increased expression of APP-
CTFbeta in AD brains through electronic microscopy, but these data does not
convincingly show that APP and amyloidogenic pathway is prevalent in excitatory
neurons indetriment to inhibitory neurons.

Author response: Emerging
transcriptomic and proteomic datasets
report detection of APP, BACE1, and y-
secretase components (mRNA and
proteins) across neuronal populations
(Schanzenbacher et al. 2016; Glock et
al. 2021; Fornasiero et al. 2018), with
notable enrichment in excitatory
neurons (van_ Oostrum et al. 2023).
Previously published literature has
indeed shown this in human AD patient
samples APP as weII as BACEN1, localized with synaptic proteins around amyloid plaques
(Jorda-Siquier et al. 2022). While we agree that direct demonstration of APP and its
amyloidogenic pathway enrichment in excitatory synapses would strengthen the
translational relevance of this study. This is currently ongoing wherein we have
preliminary data depicting the presence of APP at vGLUT1+ boutons in human iPSC
derived excitatory neurons.

iPSC derived excitatory iN (NGN protocol)- DIV49, stained with antibody 6E10 which
recognizes human APP, APP-CTF[3 and A, respectively.

MAP2 vGLUT1 APP/APP-CTFj

- any additional non-essential suggestions for improving the study (which will be at the
author's/editor's discretion)

The discussion presents several sentences that are quite speculative. | would suggest
the authors to restrain the discussion to the data in regard to the literature. Ex. Line 8 to
17, page 15.

Author response: We have now revised/rewritten the discussion to improve focus and
precision while reducing speculative statements to closely align the data in this study with
existing literature.
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1st Revision - Editorial Decision 3rd Jul 2026

Dear Dr. Hafner,

Thank you for the submission of your revised manuscript (EMBOJ-2026-123845R) to The EMBO Journal for our consideration,
and for your patience during re-review. Your manuscript and your point-by-point responses to the previous comments of the
referees have now been seen by them, and we have received their new reports, which you can find appended below.

| am pleased to say that, as you will see, the referees are now, overall, largely supportive. All three referees recognize that the
revised manuscript is considerably improved, and that most of the initially raised concerns have been adequately addressed in
the new version of the manuscript that provides a more balanced and well-supported interpretation and discussion of the results.
Referees #1 and #2 have only a few remaining points regarding some comments from the previous review round and your
responses to them, which should be easily addressable and must be clarified in a final version of the manuscript before we can
move forward with the acceptance of the article for publication in The EMBO Journal. Please make sure that the referees’ points
are fully addressed both in the revised manuscript and in a detailed point-by-point response to the new reports.

From the editorial side, there are also a few changes and corrections we need you to make in the final version of the manuscript,
before we can move forward with the next steps towards its publication:

- Please include funding information in the Acknowledgements section of your revised manuscript.

- The same funding information must also be entered in our online system; currently, the following information is missing from
the system: "Independent Research Fund Denmark grant 10.46540/2064-00032B; Dr.phil. Ragna Rask-Nielsens
Grundforskningsfond".

- Please change heading "References and Notes" to "References".

- All references listed in your point-by-point responses, which will be part of the Peer Review File that is published alongside the
article (please see below for more information), must also be included in the main list of References in the manuscript.

- Please change heading "Data and materials availability" to "Data availability".

- All data and code must be publicly available at the time of publication.

- Please change heading "Competing interests" to "Disclosure and competing interests statement”.

- The Author Contributions statement should be removed from the manuscript file. Instead, we use CRediT to specify the
contributions of each author in the journal submission system. Please feel free to use the free text box to provide more detailed
descriptions during submission. See also our guide to authors for more information: https://link.springer.com/partners/embo-
press/editorial-policies#Authorship.

- Figure panel callouts should be listed in the manuscript sequentially.

- We noticed that callouts for Fig. 3P, 7C-D, Figures S1 to S15, and Tables S3-S6 are missing.

- There is a callout for Fig. 7J-K, but there are no panels J and K in Fig. 7.

- EV Figure legends in the manuscript must be renamed to "Figure EV1-EV4" instead of "Extended Figure 1-4".

- EV Figure callouts should be renamed to "Figure EV1-EV4" instead of "Ext. fig. 1-4".

- Source file names, titles, legends and manuscript callouts need to be updated to "Dataset EV1-EV#" instead of
"Supp_data_file"; their legends should be uploaded in a separate tab/sheet in each Excel file.

- The Appendix file needs to be in PDF format; its title page should contain heading "Appendix for", followed by the manuscript's
title (author and affiliation lists are not necessary), and a Table of Contents including page numbers for all listed items;
nomenclature should be "Appendix Figure S#" and "Appendix Table S#" throughout the main manuscript file and the Appendix
PDF file.

- Please note that EMBO press papers are accompanied online by:

A) a short (2 sentences) summary of the findings and their significance,

B) 2-5 short bullet points highlighting the key results, and

C) a synopsis image in .jpg or .png format that is exactly 550 pixels wide and 300 pixels high. Please note that all text needs to
be legible at the final size.



Please upload this information along with your revised manuscript (the text for A and B should be provided in a separate Word
file).

- During our standard Figure integrity checks, our team detected a case of possible blot reuse between Figure S1H and S7B; the
blot appears to be horizontally flipped. This issue must be clarified and corrected before we can move forward with the
acceptance of the article for publication here. Please check these Figures carefully, correct them if necessary, clarify in your
cover letter, and include in your Source Data the original uncropped, unprocessed blots for these Figures. Please note that if
reuse is intentional and scientifically justified, it must be stated in the legends.

- Our data editors have checked your Figures and their legends, and raised the following queries. Please address all points
below completely in your revised manuscript (all changes should be highlighted or "tracked"):

1. Please note that the box plots need to be defined in terms of minima, maxima, centre, bounds of box and whiskers, and
percentile in the legends of Figures 2G,H,J; 7E-H.

2. Please note that information related to "n" is missing in the legends of Figures 7E-H.

3. Please note that n=2 in Extended Figure 3C,E; Extended Figure 4D. In such cases, the individual data points must be shown,
and no statistics can be calculated and shown.

4. Please define the error bars in the legends of Figures 1D,E,G,H,J,K,;M,N; 2B-E; 3G,H,L,O; 5A,B; 6H; 7B; Extended Figure 1A-
M,O; Extended Figure 2A-1,K,M-O.

5. Please provide the exact p-values in the legends of Figures 1D,E,G,H,J,M,N; 2B-E,G,H,J; 3G,H,L,O; 6H; 7B,F,G,H,];
Extended Figure 10; Extended Figure 2A-I,K,N.

6. Please define the scale bar for Figures Extended Figure 3F; Extended Figure 4B.

- "Short summary" should be removed from the revised manuscript.
- "Ethical approval" should be included in the Methods text, not provided as a separate section.

- Movie files should be renamed to "Movie EV1-EV6" and their corresponding callouts updated accordingly; their legends should
be removed from the Appendix PDF file and instead zipped together with each Movie file.

- Manuscript sections need to be named and ordered as follows: Title page - Abstract - Introduction - Results - Discussion -
Methods - Data Availability - Acknowledgements - Disclosure and Competing Interests Statement - References - Figure Legends
- main Tables (if there are any) - Expanded View Figure Legends (if there are any).

- Please also note that as part of the EMBO Press transparent editorial process, The EMBO Journal publishes online a Peer
Review File along with each accepted manuscript. This File will be published in conjunction with your paper and will include the
referee reports, your point-by-point responses and all pertinent correspondence relating to the manuscript. Your Author's
Checklist will also be published at the end of the Peer Review File. Please let us know in case you want to remove any data or
figures from your point-by-point responses before they are published as part of the Peer Review File. Retaining unpublished
data in the Peer Review File means that these count as published and that the Peer Review File would need to be referenced in
future publications. Please let the editorial office know in case you want to remove any data from this file
(contact@embojournal.org).

We look forward to seeing a final version of your manuscript as soon as possible.

Best regards,

loannis

loannis Papaioannou, PhD
Editor, The EMBO Journal
i.papaioannou@embojournal.org

Referee #1:



This is an excellent and improved manuscript revision.
| have 2 minor points, one about a response to one of my prior review points and one about a minor point raised by reviewer 2.

1. They write: "We would also like to point out that the intracellular pools of AB could also be in some part APP-CTFp species
which are cross-detected using antibodies that could indirectly detect other species (S. Hunter and Brayne 2017)."

In response: Absolutely, and as S. Hunter and Brayne 2017 describe, there was a problem with a lack of understanding among
quite a few AD researchers about the use of standard Abeta antibodies that cross-react with APP. However, this is much less of
an issue since the generation of Abeta end-specific antibodies. The majority of articles that have worked on intraneuronal Abeta
have been aware of these antibody epitope issues. There are a few outliers, such as their reference to Oddo et al., 2006, who
did use such an Abeta/APP antibody for intraneuronal Abeta; that paper reasoned that it must be Abeta since they did not see
similar labelling with a C-terminal APP antibody. While Hunter & Brayne focus on Abeta/APP antibodies, they do also mention
that C-terminal antibodies might also be detecting the gamma-secretase product of the alpha-secretase pathway, p3. Although
the topic of diverse N-terminal truncation of Abeta is important and well discussed by Hunter & Brayne, biochemical evidence
(e.g. mass spec) has not detected appreciable levels of alpha-secretase generated p3 in brain (e.g. Portelius E et al., Acta
Neuropathol. 2010).

2. Reviewer 2's minor point 1: The paper focuses primarily on CTFb, although the physiologically most relevant pathway in
wildtype neurons is CTFa. Please comment and explain”

My comment: Alpha-secretase is not the major secretase for neurons as it is for non-neuronal cells. As shown already by the
Beyreuther lab in Heidelberg three decades ago, neurons have an alternate beta-cleavage site that some have confused as
alpha-cleavage p3 since it doesn't separate well from it on Western blots (Simons M et al., 1996 and Tienari PJ et al., 1997); see
also the initial BACE! paper by Vassar R et al., 2000 showing that this alternate Abeta is from an alternate BACE1 beta cleavage
site. Or see again Portelius E et al., 2010 noted in the prior point for human brain.

Referee #2:

The revised manuscript is considerably improved, the authors now provided:

- a scheme depicting the epitopes of all the antibodies used (Fig S1)

- a more detailed table indicating the specific use of all antibodies (Table S1)

- a table of antibodies against APP, APP-CTFs and Ab (Table S2)

- indicate in each of the figure legends which antibody was used

- now indicate that the antibody M3.2, recognizes both APP-FL and CTFs

- an improved and balanced discussion with a clear focus to data presented in their study

However, there is still a major technical concern and misinterpretation of the data that was not adequately addressed and needs
to be corrected. The story as a whole is very interesting and this remaining issue can be easily addressed.

This refers to the APP species and fragments that are detected by the antibody C1/6.1.

This antibody is directed against the APP C-terminus (aa 676-695). The antibody was originally developed by the lab of Paul
Matthews and R. Nixon (see e.g. Mathews et al. J Biol Chem 2002 Vol. 277 Issue 39 Pages 36415-24; Morales-Corraliza et al.
PLoS One 2009 Vol. 4 Issue 9 Pages €7134), is now commercially available (e.g. by Biolegend https://www.biolegend.com/de-
de/products/purified-anti-app-c-terminal-fragment-antibody-11275?GrouplD=BLG15648) and has since been widely used by
many labs including our own.

From the literature and the data sheet of the company it is evident that C1/6.1 detects both APP-FL and CTFs. Despite this, the
authors write in table S2 that the Ab is specific to APP-CTFs and shows only mild crossreactivity to APP-FL.

Accordingly, they write in the manuscript that species detected by C1/6.1 correspond to APP-CTFs, which is highly misleading
when using immunocytochemistry or any other technique that falls short of resolving the size.

See for example:

Legend to Fig1 L: ,(O-P) Immunocytochemistry and Imaris 3D reconstruction of rat primary cortical neurons (DIV21) depicting
localization of APP-NT (clone: M3.2, N, grayscale, yellow-merge); BACE1 (N, magenta) and APP-CTFs (clone: C1/6.1, O,
grayscale, yellow-merge)"

Legend Fig2: ,(F) ICC depicting relative changes in the levels of APP-CTFs upon treatment with different compounds (clone:
C1/6.1, gray, yellow-merge). Neurons were also co-stained with vGLUT1 (excitatory synapses, blue), vGAT (inhibitory synapses,
magenta) and MAP2 (dendrites, green). Box selection depicts the zoomed in panel. Arrows depict colocalization of APP-CTFs
with vGLUT1+ synapse. ,,

Legend Fig4: ,(B) Immunocytochemical analysis depicting colocalization between APP-CTFs (clone: C1/6.1) and presynaptic
active zone protein RIM1"

This criticism also applies to the manuscript text referring to these experiments.



The WB provided in the response letter is not resolving this issue: for all blots the size of the marker proteins are missing, nor
are the bands detected labelled. While two smaller band are detected with C1/6.1, that might correspond to CTFs, there is also a
prominent band of higher mobility that might correspond to APP-FL (or an unspecific band?). Failure to detect bands
corresponding to APP-FL may have many reasons, including insufficient transfer during blotting.

Anyway, given the vast amount of literature from independent laboratories using this antibody the claim that APP-FL is not
detected by C1/6.1 cannot be upheld.
This could be easily avoided by changing the wording to APP-CT immunoreactivity.

Apart from this issue | agree with the authors that they provide several independent lines of evidence, in particular their data
using GSl inhibitors, that link an increase in CTFs (WB) to an increase in presynaptic accumulation of APP-C-terminal
immunoreactivity that is associated with the presynaptic deficits. The story as a whole is very interesting and there is no need to
claim that CTFs can be detected by antibodies such as C1/6.1.

Minor comments:

The authors may not to be aware that the Ab 82E1 (used e.g. in Fig 7) does indeed detect CTFs (and Ab) as it is directed to the
very N-terminus of CTFb that is generated upon BACE cleavage. This should be mentioned in the table and manuscript. This is
the only antibody that detects a cleavage-specific neo-epitope, while all other Abs directed against the C-terminus also detect
APP-FL.

| also had a look at the source data supporting the WB quantification of the Ext. Fig.2J:

The WBs given in the source data do not correspond to the WB used for the quantification. The source data show the
optimization of inhibitors, e.g. slide 1: 1uM DAPT, 10uM DAPT. However, the final WBs used for the quantification were lacking,
only prism files of the calculation were provided.

In addition, it is obvious from the Ponceau staining that protein transfer was quite unequal. How was this taken into account for
quantification?

It would be helpful to add references to the tables for the in-house generated Ab that are not commercially available.

Referee #3:

The authors have satisfactorily addressed the points raised during the review process. The revised Discussion is more balanced
and remains closely supported by the experimental data and the existing literature.

The authors provide relevant evidence from published transcriptomic and proteomic studies supporting enrichment of APP
processing components in excitatory neurons, appropriately acknowledge this limitation, and present preliminary observations in
human iPSC-derived excitatory neurons that are consistent with their conclusions. Although these experiments would add value,
they are not required to support the central conclusions of the manuscript.

Overall, the revised manuscript provides a rigorous and comprehensive analysis of cell type-specific APP processing and its
functional implications, and | consider the conclusions to be well supported by the data presented.



2nd Authors' Response to Reviewers 12th Jul 2026

Response to Reviewer comments_R2:

Author response: We greatly appreciate the constructive feedback from all three referees and the
editorial team. We thank them very much for their detailed comments and for guiding us through the
review and editorial process. All changes have been indicated in red font in the respective documents.

Referee #1:

This is an excellent and improved manuscript revision. | have 2 minor points, one about a response to
one of my prior review points and one about a minor point raised by reviewer 2.

1. They write: "We would also like to point out that the intracellular pools of AB could also be in some
part APP-CTFp species which are cross-detected using antibodies that could indirectly detect other
species (S. Hunter and Brayne 2017)."

In response: Absolutely, and as S. Hunter and Brayne 2017 describe, there was a problem with a lack
of understanding among quite a few AD researchers about the use of standard Abeta antibodies that
cross-react with APP. However, this is much less of an issue since the generation of Abeta end-specific
antibodies. The majority of articles that have worked on intraneuronal Abeta have been aware of these
antibody epitope issues. There are a few outliers, such as their reference to Oddo et al., 2006, who did
use such an Abeta/APP antibody for intraneuronal Abeta; that paper reasoned that it must be Abeta
since they did not see similar labelling with a C-terminal APP antibody. While Hunter & Brayne focus
on Abeta/APP antibodies, they do also mention that C-terminal antibodies might also be detecting the
gamma-secretase product of the alpha-secretase pathway, p3. Although the topic of diverse N-
terminal truncation of Abeta is important and well discussed by Hunter & Brayne, biochemical
evidence (e.g. mass spec) has not detected appreciable levels of alpha-secretase generated p3 in brain
(e.g. Portelius E et al., Acta Neuropathol. 2010).

Author response: We have revised the Discussion to more accurately reflect the current understanding
of antibody specificity between APP-FL, APP-CTFs/B and intracellular AB species. The relevant section
has been updated accordingly.

2. Reviewer 2's minor point 1: The paper focuses primarily on CTFb, although the physiologically most
relevant pathway in wildtype neurons is CTFa. Please comment and explain"
My comment: Alpha-secretase is not the major secretase for neurons as it is for non-neuronal cells. As
shown already by the Beyreuther lab in Heidelberg three decades ago, neurons have an alternate beta-
cleavage site that some have confused as alpha-cleavage p3 since it doesn't separate well from it on
Western blots (Simons M et al., 1996 and Tienari PJ et al., 1997); see also the initial BACE! paper by
Vassar R et al., 2000 showing that this alternate Abeta is from an alternate BACE1 beta cleavage site.
Or see again Portelius E et al., 2010 noted in the prior point for human brain.

Author response: We thank the reviewer for this important clarification. We have added a short
paragraph to the Discussion to highlight this aspect for the benefit of the readers.

Referee #2:

The revised manuscript is considerably improved, the authors now provided:
- a scheme depicting the epitopes of all the antibodies wused (Fig S1)



- a more detailed table indicating the specific use of all antibodies (Table S1)
- a table of  antibodies against  APP, APP-CTFs and Ab (Table S2)
- indicate in each of the figure legends  which  antibody  was used
- now indicate that the antibody M3.2, recognizes both APP-FL and CTFs
- an improved and balanced discussion with a clear focus to data presented in their study

However, there is still a major technical concern and misinterpretation of the data that was not
adequately addressed and needs to be corrected. The story as a whole is very interesting and this
remaining issue can be easily addressed.

This refers to the APP species and fragments that are detected by the antibody C1/6.1.
This antibody is directed against the APP C-terminus (aa 676-695). The antibody was originally
developed by the lab of Paul Matthews and R. Nixon (see e.g. Mathews et al. J Biol Chem 2002 Vol.
277 Issue 39 Pages 36415-24; Morales-Corraliza et al. PLoS One 2009 Vol. 4 Issue 9 Pages e7134), is
now commercially available (e.g. by Biolegend https://www.biolegend.com/de-de/products/purified-
anti-app-c-terminal-fragment-antibody-11275?GrouplD=BLG15648) and has since been widely used
by many labs including our own.

From the literature and the data sheet of the company it is evident that C1/6.1 detects both APP-FL
and CTFs. Despite this, the authors write in table S2 that the Ab is specific to APP-CTFs and shows only
mild crossreactivity to APP-FL.

Accordingly, they write in the manuscript that species detected by C1/6.1 correspond to APP-CTFs,
which is highly misleading when using immunocytochemistry or any other technique that falls short
of resolving the size.

See for example:

-Legend to Figl L: ,,(O-P) Immunocytochemistry and Imaris 3D reconstruction of rat primary cortical
neurons (DIV21) depicting localization of APP-NT (clone: M3.2, N, grayscale, yellow-merge); BACE1 (N,
magenta) and APP-CTFs (clone: Cl/6.1, o, grayscale, yellow-merge)"
-Legend Fig2: ,,(F) ICC depicting relative changes in the levels of APP-CTFs upon treatment with
different compounds (clone: C1/6.1, gray, yellow-merge). Neurons were also co-stained with vGLUT1
(excitatory synapses, blue), vGAT (inhibitory synapses, magenta) and MAP2 (dendrites, green). Box
selection depicts the zoomed in panel. Arrows depict colocalization of APP-CTFs with vGLUT1+
synapse.

-Legend Fig4: ,,(B) Immunocytochemical analysis depicting colocalization between APP-CTFs (clone:
C1/6.1) and presynaptic active zone protein RIM1"

This criticism also applies to the manuscript text referring to these experiments.
-The WB provided in the response letter is not resolving this issue: for all blots the size of the marker
proteins are missing, nor are the bands detected labelled. While two smaller band are detected with
C1/6.1, that might correspond to CTFs, there is also a prominent band of higher mobility that might
correspond to APP-FL (or an unspecific band?). Failure to detect bands corresponding to APP-FL may
have many reasons, including insufficient transfer during blotting.

Anyway, given the vast amount of literature from independent laboratories using this antibody the
claim that APP-FL is not detected by C1/6.1 cannot be upheld.



This could be easily avoided by changing the wording to APP-CT immunoreactivity.

Apart from this issue | agree with the authors that they provide several independent lines of evidence,
in particular their data using GSI inhibitors, that link an increase in CTFs (WB) to an increase in
presynaptic accumulation of APP-C-terminal immunoreactivity that is associated with the presynaptic
deficits. The story as a whole is very interesting and there is no need to claim that CTFs can be detected
by antibodies such as C1/6.1.

Author response: We thank the reviewer for this important and constructive comment. We fully agree
with the reviewer and have revised the text and the figure legends in the manuscript and the Sl files
accordingly. Throughout the manuscript, we now refer to the C1/6.1 signal as APP C-terminal (APP-CT)
immunoreactivity or APP-C-terminal species, rather than APP-CTFs in particular. We have also
corrected the description of antibody C1/6.1 in Table S2 to accurately reflect its specificity for both
APP-FL and APP C-terminal fragments.

Minor comments:

The authors may not to be aware that the Ab 82E1 (used e.g. in Fig 7) does indeed detect CTFs (and
Ab) as it is directed to the very N-terminus of CTFb that is generated upon BACE cleavage. This should
be mentioned in the table and manuscript. This is the only antibody that detects a cleavage-specific
neo-epitope, while all other Abs directed against the C-terminus also detect APP-FL.

Author response: In Fig. 7 D, we have specifically indicated that antibody clone 82E1 detects APP-CTFf
and AP species (magenta). In addition, the description in Table S2 has been revised to explicitly state
that 82E1 recognizes the conserved N-terminal neo-epitope present in both APP-CTF and AP species.

| also had a look at the source data supporting the WB quantification of the Ext. Fig.2J):
The WBs given in the source data do not correspond to the WB used for the quantification. The source
data show the optimization of inhibitors, e.g. slide 1: 1uM DAPT, 10uM DAPT. However, the final WBs
used for the quantification were lacking, only prism files of the calculation were provided. In addition,
it is obvious from the Ponceau staining that protein transfer was quite unequal. How was this taken
into account for quantification?

Author response: We apologize for the oversight. The complete source data, including the western
blots used for quantification, have now been provided. For all western blot quantifications, band
intensities were first normalized to the corresponding Ponceau staining or $3-tubulin loading control,
as appropriate. The normalized values were then expressed relative to the untreated control condition
and are presented as fold change throughout the manuscript, respectively.

It would be helpful to add references to the tables for the in-house generated Ab that are not
commercially available.

Author response: We thank the reviewer for this suggestion. The relevant references for the in-house
generated antibodies have now been included in Table S1 of the Supplementary Information.

Referee #3:

The authors have satisfactorily addressed the points raised during the review process. The revised
Discussion is more balanced and remains closely supported by the experimental data and the existing
literature.



The authors provide relevant evidence from published transcriptomic and proteomic studies
supporting enrichment of APP processing components in excitatory neurons, appropriately
acknowledge this limitation, and present preliminary observations in human iPSC-derived excitatory
neurons that are consistent with their conclusions. Although these experiments would add value, they
are not required to support the central conclusions of the manuscript.
Overall, the revised manuscript provides a rigorous and comprehensive analysis of cell type-specific
APP processing and its functional implications, and | consider the conclusions to be well supported by
the data presented.

Author response: We sincerely thank the reviewer for the positive evaluation of our revised manuscript
and for the encouraging comments.
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