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1st Editorial Decision 22nd May 2024

22nd May 2024
Dear Prof. De Strooper,

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now received feedback from the three
reviewers who agreed to evaluate your manuscript. As you will see from the reports below, the referees acknowledge the
interest of the study and are overall supporting publication of your work pending appropriate revisions. In particular, all three
reviewers have suggested improvements to the manuscript in regards to the animal model as follows: that you should determine
how much overexpression of each APOE is achieved compared to endogenous levels, evaluate potential effects of APOE early
overexpression on neuronal development via synaptic quantification, clearly state that the mice used in the study are Rag2-
deficient, and check whether the astrocyte-limited expression observed at 2 months is altered at 6 months when the mice are
analyzed.

Addressing the reviewers' concerns in full in a point-by-point response will be necessary for further considering the manuscript in
our journal, and acceptance of the manuscript will entail a second round of review. EMBO Molecular Medicine encourages a
single round of revision only and therefore, acceptance or rejection of the manuscript will depend on the completeness of your
responses included in the next, final version of the manuscript. For this reason, and to save you from any frustrations in the end,
| would strongly advise against returning an incomplete revision. If you would like to discuss further the points raised by the
referees, | am available to do so via email or video. Let me know if you are interested in this option.

We are expecting your revised manuscript within three months, if you anticipate any delay, please contact us. When submitting
your revised manuscript, please carefully review the instructions that follow below. We perform an initial quality control of all
revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision.

We require:

1) A .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF'
(https://www.embopress.org/page/journal/17574684/authorguide#figureformat).

3) At EMBO Press we ask authors to provide source data for the main figures. Our source data coordinator will contact you to
discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload and
organize the files.

4) A .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

5) A complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please insert information in the
checklist that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

7) It is mandatory to include a 'Data Availability’ section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.
This study includes no data deposited in external repositories.

8) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.). Please provide exact p values.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and



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 .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables 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 main text after the legends of regular figures.

- 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 Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

See detailed instructions here:

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our
published articles for an example.

12) For more information: There is space at the end of each article to list relevant web links for further consultation by our
readers. Could you identify some relevant ones and provide such information as well? Some examples are patient associations,
relevant databases, OMIM/proteins/genes links, author's websites, etc...

13) Author contributions: CRediT has replaced the traditional author contributions section because it offers a systematic
machine readable author contributions format that allows for more effective research assessment. Please remove the Authors
Contributions from the manuscript and use the free text boxes beneath each contributing author's name in our system to add
specific details on the author's contribution. More information is available in our guide to authors.

14) Disclosure statement and competing interests: We updated our journal's competing interests policy in January 2022 and
request authors to consider both actual and perceived competing interests. Please review the policy
https://www.embopress.org/competing-interests and update your competing interests if necessary.

15) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a visual abstract to illustrate your article as a jpeg file 550 px wide x 300-600 px high.
Share synopsis text and image, as well as eTOC:
Please note that these would be the final versions and changes during proofing are usually not allowed

16) As part of the EMBO Publications transparent editorial process initiative (see our policy here:
https://www.embopress.org/transparent-process#Review_Process), EMBO Molecular Medicine will publish online a Peer Review
File (PRF) to accompany accepted manuscripts.

In the event of acceptance, this file will be published in conjunction with your paper and will include the anonymous referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript. Let us know whether you
agree with the publication of the PRF and as here, if you want to remove or not any figures from it prior to publication.

Please note that the Authors checklist will be published at the end of the RPF.

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch
after three months if you have not completed it, to update us on the status.



I look forward to receiving your revised manuscript.

Yours sincerely,

Poonam Bheda

Poonam Bheda, PhD
Scientific Editor
EMBO Molecular Medicine

***** Reviewer's comments *****
Referee #1 (Comments on Novelty/Model System for Author):

This manuscript by Preman et al. addresses some of the most critical questions related to APOE genotype in Alzheimer's
disease. First, they compared the impact of the various APOE genotypes (E2, E3, and E4) on APOE knock-out by
overexpression of the different isoforms using AAV. Then, they ask how astrocytes expressing APOE impact hallmarks
characteristic of Alzheimer's disease, such as microglia reactivity and amyloid deposition. Finally, they assessed the impact of
astrocytic APOE on microglia. The authors found that astrocytic APOE is sufficient to alter amyloid deposition; however, with this
set of experiments, | believe the role of astrocytic APOE on microglia remains. The comparison of APOE2, APOES, and APOE4
highlights a complex mechanism of action of APOEZ2, and multiple groups have previously avoided a complete comparison to
simplify their work and conclusions. | salute the efforts of the authors for including APOE2. Publishing more manuscripts like this
one is essential to better understand APOE genotypes. Below are some concerns that should be addressed before publication

Development of the AAV model:

While we understand the authors are using an artificial overexpression model, it is essential to compare expression levels
across the different genotypes at the RNA and protein levels and quantify how much overexpression is achieved compared to
endogenous levels.

Based on the data shown, only a small fraction (14%) of the astrocytes are infected by the AAV. Therefore, it is essential to
show where the infected cells are in all microscopy images.

Since 90% of the mCherry-positive cells are astrocytes, it is important to identify what are the other cell types that express APOE
and discuss how this could impact the phenotypes observed.

Synaptic impairment: changes in synaptic density are essential to Alzheimer's disease pathogenesis in human and mouse
models. However, it has not been evaluated in this study. It is even more critical as the AAV was injected early after birth, and
APOE was shown to alter neuronal development. Moreover, one of the most significant DEG identified in the single-cell study is
PDE10a, which, as the authors pointed out, can also impact synapse and memory formation. Therefore, synaptic quantification
should be done in this model to validate the model itself didn't cause a developmental phenotype and to have a complete picture
of the impact of APOE genotype of AD.

Single-cell analysis: All conclusions based on single-cell analysis need to be based on quantifiable methods. A hypergeometric
test should be performed to evaluate the significance of common genes across genotypes ( Fig 3a and S7a), and an enrichment
score or pathway analysis should be used to label astrocyte and microglia transcriptional clusters.

Astrocyte-microglia interactions: While the impact of astrocytic APOE on amyloid plaque is well-characterized, the link between
astrocytes and microglia is indirect. The microglia figures are solely based on the presence of amyloid plaque, and it needs to be
clarified if and where APOE-expressing astrocytes are located in similar regions. Microglia are changing in response to amyloid
load but that was known. Therefore, a better characterization of astrocyte-microglia direct or indirect interaction or identifying
potential communication pathways using single-cell RNA sequencing data is needed. As is, the title is broad and misleading
about the role of microglia and should be more specific.

Referee #1 (Remarks for Author):

This manuscript by Preman et al. addresses some of the most critical questions related to APOE genotype in Alzheimer's
disease. First, they compared the impact of the various APOE genotypes (E2, E3, and E4) on APOE knock-out by
overexpression of the different isoforms using AAV. Then, they ask how astrocytes expressing APOE impact hallmarks
characteristic of Alzheimer's disease, such as microglia reactivity and amyloid deposition. Finally, they assessed the impact of
astrocytic APOE on microglia. The authors found that astrocytic APOE is sufficient to alter amyloid deposition; however, with this
set of experiments, | believe the role of astrocytic APOE on microglia remains. The comparison of APOE2, APOE3, and APOE4
highlights a complex mechanism of action of APOE2, and multiple groups have previously avoided a complete comparison to
simplify their work and conclusions. | salute the efforts of the authors for including APOEZ2. Publishing more manuscripts like this
one is essential to better understand APOE genotypes. Below are some concerns that should be addressed before publication



Development of the AAV model:

While we understand the authors are using an artificial overexpression model, it is essential to compare expression levels
across the different genotypes at the RNA and protein levels and quantify how much overexpression is achieved compared to
endogenous levels.

Based on the data shown, only a small fraction (14%) of the astrocytes are infected by the AAV. Therefore, it is essential to
show where the infected cells are in all microscopy images.

Since 90% of the mCherry-positive cells are astrocytes, it is important to identify what are the other cell types that express APOE
and discuss how this could impact the phenotypes observed.

Synaptic impairment: changes in synaptic density are essential to Alzheimer's disease pathogenesis in human and mouse
models. However, it has not been evaluated in this study. It is even more critical as the AAV was injected early after birth, and
APOE was shown to alter neuronal development. Moreover, one of the most significant DEG identified in the single-cell study is
PDE10a, which, as the authors pointed out, can also impact synapse and memory formation. Therefore, synaptic quantification
should be done in this model to validate the model itself didn't cause a developmental phenotype and to have a complete picture
of the impact of APOE genotype of AD.

Single-cell analysis: All conclusions based on single-cell analysis need to be based on quantifiable methods. A hypergeometric
test should be performed to evaluate the significance of common genes across genotypes ( Fig 3a and S7a), and an enrichment
score or pathway analysis should be used to label astrocyte and microglia transcriptional clusters.

Astrocyte-microglia interactions: While the impact of astrocytic APOE on amyloid plaque is well-characterized, the link between
astrocytes and microglia is indirect. The microglia figures are solely based on the presence of amyloid plaque, and it needs to be
clarified if and where APOE-expressing astrocytes are located in similar regions. Microglia are changing in response to amyloid
load but that was known. Therefore, a better characterization of astrocyte-microglia direct or indirect interaction or identifying
potential communication pathways using single-cell RNA sequencing data is needed. As is, the title is broad and misleading
about the role of microglia and should be more specific.

Referee #2 (Comments on Novelty/Model System for Author):
This is a relevant and appropriate model system
Referee #2 (Remarks for Author):

The current manuscript by Preman et al explores the effects of astrocyte-selective expression of the three APOE alleles in an
Apoe KO background in the APP-NLFG mice. This exciting study adds to a growing, but still incomplete, understanding of cell-
autonomous and non-autonomous effects of ApoE during various stages of AD pathogenesis. Inclusion and purposeful analyses
of the role of APOEZ2, which is typically excluded and quite understudied, is a major strength. Further, the finding that microglia,
themselves lacking Apoe, can still be driven to a DAM-like state via section of astrocyte ApoE is an intriguing and important
observation. The overall concept is not especially novel, as other groups have previously investigated the effects of astrocyte-
derived (or astrocyte-selective knockout of) human ApoE. However, it should be noted that none of these prior studies included
an investigation of the protective APOEZ2 allele, as done in the current study, which is also unique in its experimental approach.
Thus, the impact and significance of the current study - which was well-designed and thoughtfully completed - is still quite high.

Other major comments:

The authors generally have done an excellent job in summarizing the literature in their Introduction section. However, the
statement "AD mouse models fail to produce amyloid plaque pathology in the absence of Apoe" is not accurate; nor do the
authors provide a reference for this statement. While the APPV717F+/- TG mouse model showed no amyloid deposition (Bales
et al 1999), many other studies have showed much more modest/nuanced effects of Apoe deletion on amyloid pathology. The
authors should be careful and precise in their wording, as this is a complicated area of research with many studies with
sometimes seemingly conflicting findings, particularly in regards to the effects of mApoe, human APOE, and Apoe KO.

The authors show that there was no difference in total APOE protein amount across the three isoform groups. This is very
different than other human APOE mouse models, where E2 mice have higher ApoE concentrations, as well as human E2+
tissue, which also shows higher protein levels. Not only differences in the isoform of human ApoE, but also the total amount of
those isoforms, could very well contribute to or explain E4>E3>E2 variance in amyloid pathology and AD risk. This is a critical
point that warrants a bit more discussion.

There are several instances where the references do not seem to match the statements. For example, the "Holtzman, Bales et
al 2000" paper does not feature a GFAP-specific astrocyte expression as the authors state. While the statement made here is
still correct, the authors should carefully check each reference associated with their claims for accuracy.

All the mice used in this study are Rag2 deficient. It is assumed that this is due to other ongoing studies in the lab where this



model is necessary. However, this is not mentioned until a passing description in the Methods. The authors should state this up
front and discuss any potential issues/confounds with using this model in the current study.

The recap of the findings in the last paragraph of the introduction mention that E2 expression did not reduce amyloid more than
E3 - but should also state that both E2 and E3 were reduced compared to E4. As an aside, these findings would seem to agree
with the original papers describing the APOE x 5XFAD mice from Mary Jo LaDu's group and others - this could be a point worth
mentioning in the Discussion section.

The Results section should state when the mice were injected (and how) with AAV (the Methods are not exceptionally clear, but
it seems immediately after birth).

Can the authors confirm that clusters 10 and 11 do not have microglial/myeloid cell contamination?

APOE is one of the differentially expressed genes in cluster 5. However, cluster 5 does not differ between the 3 AAV groups and
the APOE KO control group. How is this possible / why do the authors think this is?

The images in Fig 4 should be labeled with the experimental group they came from (I believe APOE4-AAV). Did the authors
confirm this Cd68 and CtsD staining in all three hAPOE experimental groups? If so, these data/representative images would be
helpful to include in the figure, or at least as supplemental data.

The quantification of plague load PLX is not explicitly shown (only representative images in Fig 5B), but this would seem to be
important data to show - and directly compare against the non-PLX group.

Are the data points for the non-PLX group the same mice as data shown in earlier figures? This is fine, but if so it should be
stated.

The relevance of the data in Fig 5C was not entirely clear - could the authors please reword this section of the Results to more
clearly detail their thoughts here?

Minor comments:

In the introduction, the phrasing of "the APOE2 variant was the first identified protective gene" suggests APOE2 is a gene
(APOE is the gene), rather than a variant or allele

"We also explored [the] astrocyte transcriptome ..."

Fig 3D is a clever way to visualize both the E4 and E2 differences relative to E3, but adding additional labels or otherwise
clarifying the directionality could be even more helpful to readers.

Could the authors provide a bit more perspective on how they think their findings inform the role of microglia-derived ApoE in AD
pathology. In other words, how do their results fit with findings from the Liu and Yin et al 2023 papers where hAPOE was
selectively induced or deleted in microglia (both suggesting less of a DAM response) versus other papers suggesting an E4-
mediated increase in DAM (ex. Lee et al, 2023 and Serrano-Pozo 2021)?

I would suggest replacing "badly understood" with "poorly” or "incompletely”

Referee #3 (Comments on Novelty/Model System for Author):

This is an important study that aims at determining the role of astrocyte APOE isoform expression in the development of AD
core features like Ab accumulation and microglia responses. We know that (1) APOE4 is the main genetic risk factor for AD, (2)
APOE is necessary for Ab plaque formation, (3) APOE is one of the most highly expressed genes in astrocytes and very specific
to these cells in the healthy brain, (4) microglia strongly upregulate APOE in AD. However, we don't know how these
observations relate to each other to contribute to AD development. In this manuscript the authors make a careful and thoughtful
attempt to address this open question. Certainly there are many remaining questions to answer in order understand the
interaction of astrocytes and microglia in the context of APOE4 driven AD, but this is an enlightening step forward towards this
goal.

Strengths of the manuscript are:

- Careful assessment of the state of the field.

- Rigorous analysis and statistical assessment of the experimental data.

- Thorough interpretation of the results in the context of current knowledge.
- Acknowledgment of the limitations and further research avenues.



- Investigation of the very important question on what is the part astrocyte and microglia APOE play on the formation of Ab
plaques and how the expression of different APOE isoforms in astrocytes may influence microglia responses.

Recommendations to improve the manuscript:

- The authors show that their AAVs are astrocyte specific in the AppNLGF mice at 2 months old. However, all their experiments
are performed at 6 months and it could be possible that the Ab pathology alters the cell specific expression of the AAV. Similar
assessments at 6 months would reassure that APOE isoforms are still astrocyte specific at the point of analysis.

- When mentioning Cluster 8 (Crym) citing Chai and https://www.nature.com/articles/s41586-024-07138-0 would be more
appropriate than Chai and Soto.

- When discussing Figure 3E, it would be good to demonstrate if the differences in expression between phenotypes are
significantly different. This could be done either in comparison to APOE3 or with using ANOVA across genes and conditions.

- The following two sentences sound contradictory, perhaps the first one can be rephrased to increase clarity. "we provide
evidence that microglia lacking endogenous APOE expression, can be stirred in their response to amyloid pathology in a non-
cell autonomous way by the APOE isoforms secreted by astrocytes.” And "microglial responses to fibrillar plaques do not seem
to depend on the isoform of APOE produced by astrocytes, but are likely mediated directly by the plaque load."

- Astrocyte APOES upregulates interferon response in both astrocytes and microglia. This is very interesting, and it would be
worth "hearing" how the authors interpret this finding in the discussion.

- I would also be interested in learning how the authors conceal the fact that "it is possible that APOE-AB co-aggregates are
taken up by microglia for clearance, depletion of which leads to increased levels of APOE in the mouse brain" while at the same
time there is less Ab amyloid in the absence of microglia.

Referee #3 (Remarks for Author):

This is an important study that aims at determining the role of astrocyte APOE isoform expression in the development of AD
core features like Ab accumulation and microglia responses. We know that (1) APOE4 is the main genetic risk factor for AD, (2)
APOE is necessary for Ab plaque formation, (3) APOE is one of the most highly expressed genes in astrocytes and very specific
to these cells in the healthy brain, (4) microglia strongly upregulate APOE in AD. However, we don't know how these
observations relate to each other to contribute to AD development. In this manuscript the authors make a careful and thoughtful
attempt to address this open question. Certainly there are many remaining questions to answer in order understand the
interaction of astrocytes and microglia in the context of APOE4 driven AD, but this is an enlightening step forward towards this
goal.

Strengths of the manuscript are:

- Careful assessment of the state of the field.

- Rigorous analysis and statistical assessment of the experimental data.

- Thorough interpretation of the results in the context of current knowledge.

- Acknowledgment of the limitations and further research avenues.

- Investigation of the very important question on what is the part astrocyte and microglia APOE play on the formation of Ab
plaques and how the expression of different APOE isoforms in astrocytes may influence microglia responses.

Recommendations to improve the manuscript:

- The authors show that their AAVs are astrocyte specific in the AppNLGF mice at 2 months old. However, all their experiments
are performed at 6 months and it could be possible that the Ab pathology alters the cell specific expression of the AAV. Similar
assessments at 6 months would reassure that APOE isoforms are still astrocyte specific at the point of analysis.

- When mentioning Cluster 8 (Crym) citing Chai and https://www.nature.com/articles/s41586-024-07138-0 would be more
appropriate than Chai and Soto.

- When discussing Figure 3E, it would be good to demonstrate if the differences in expression between phenotypes are
significantly different. This could be done either in comparison to APOE3 or with using ANOVA across genes and conditions.

- The following two sentences sound contradictory, perhaps the first one can be rephrased to increase clarity. "we provide
evidence that microglia lacking endogenous APOE expression, can be stirred in their response to amyloid pathology in a non-
cell autonomous way by the APOE isoforms secreted by astrocytes.” And "microglial responses to fibrillar plaques do not seem
to depend on the isoform of APOE produced by astrocytes, but are likely mediated directly by the plaque load."

- Astrocyte APOES upregulates interferon response in both astrocytes and microglia. This is very interesting, and it would be
worth "hearing" how the authors interpret this finding in the discussion.

- I would also be interested in learning how the authors conceal the fact that "it is possible that APOE-AB co-aggregates are
taken up by microglia for clearance, depletion of which leads to increased levels of APOE in the mouse brain" while at the same
time there is less Ab amyloid in the absence of microglia.



1st Authors' Response to Reviewers 14th Aug 2024

Leuven 06/08/2024

Dear Editor,

Thank you for your input and suggestions to improve our manuscript and also for the very helpful
discussion we had on 2/07/2024. Overall we are very pleased with the positive comments of the
reviewers, who all indicated the strengths of the manuscript and support publication. We have
addressed their comments in our rebuttal and added, where needed, further support with additional
figures in the manuscript. We provide a point per point answer in the attached rebuttal letter. In your
letter you indicated 4 questions that seemed most crucial to address. Please find below our answers,
as also discussed at our meeting.

We look forward to your answer, hoping for a positive decision.

Bart De Strooper

1. - how much overexpression of each APOE is achieved compared to endogenous levels

In this study we have only used Apoe-KO animals and compared for the effects of APOE versus this
base line. Crucially, human APOE is expressed under the Aldh1l1 promoter in the brain regions where
the AAV virus is targeted too and therefore comparing its expression with ApoE expression from
endogeneous promoters is prone to misinterpretation as endogenous APOE will be more uniformly
distributed over the brain. Constitutive expression of human APOE alleles under the endogenous
mouse Apoe promoter (Liao et al., 2015; Liemisa et al., 2023) leads to global concentrations of
human APOE in the range of 750-1000 ng per mg of homogenised brain tissue which is several folds
higher than the range of 1-2 ng per mg tissue that we observed in our model, but this is not indicative
of the increased local concentration in the transduced regions of our experiments. We therefore
checked that the levels of expression were comparable across the experimental groups as shown in
Fig 1D. We have now, as requested, additionally added data for human APOE mRNA levels across the
experimental groups as an additional Appendix figure S1F, which confirms similar levels of expression
between the three isoforms at the RNA level.

2.- evaluate potential effects of APOE early overexpression on neuronal development via synaptic
guantification

The purpose of this study was to evaluate the effect of astrocytic-APOE isoforms on amyloid plaque
pathology and associated glial reactivity, with focus on microglia. We agree that it would be highly
interesting to look at the effect of APOE on additional pathological features of AD such as dystrophic
neurites around plaques, synaptic density loss, behavioural defects etc.. As the reviewers correctly
pointed out, it is also likely that APOE has non cell autonomous effects on neuronal development.
Such question would need additional work in wild type mice in which the APOE is knocked out and the
different human APOE isoforms are re-expressed. In order to keep the study design focused and
feasible, we limited our work on the amyloid plaque inducing aspects of APOE and used only Apoe””
/App"¢F mice in our study. That is the reason why we did not make other claims regarding additional
aspects of the complex physiology of APOE. We discuss this limitation of the study now as follows:



“Future studies comparing the effect of APOE deletion in AD versus wildtype mouse models should
help to confirm these findings. Moreover, studying the effect of APOE isoforms in wild type mice on
neuronal development and synapse formation, will be of interest as APOE is known to influence
synaptic density and to cause behavioural defects in AD mouse (Dumanis et al., 2009; Klein et al.,
2010; Koffie et al., 2012).”

3.- clearly state that the mice used in the study are Rag2-deficient

We apologise for the confusion regarding the genetic background of our mouse model. All
experiments shown in the main paper are mice that express normal Rag2. We only used Rag2
deficient mice for an initial pilot study to characterize AAV transduction efficiency and cell-type
specificity, data which have been presented only in two supplementary figures, as mentioned in the
Materials and Methods > Mice section, as well as in corresponding figure legends: “All the data
presented in this study are from App"“° x Apoe” mice. For a pilot study to check viral transduction
efficiency and specificity, App™°" x Apoe'/' X RagZ'/' mice were used, and data from these are
presented in Appendix figures: S1A, S1E, S1F, S2A and S2B.”

4.- check whether the astrocyte-limited expression observed at 2 months is altered at 6 months
when the mice are analyzed

There is no known universal marker for astrocytes. We have used astrocyte-specific promoter Aldh1/1
for our expression system and in the paper, we confirm that more than 90% of mCherry-positive cells
are ACSA2-positive astrocytes. The remaining 10% might represent Aldh1l1-positive astrocytes which
are ACSA2-negative. Neither of these markers are expressed in 100% of all astrocytes in brain.

We have followed up on the concern that other cells than astrocytes are transduced by the vector. In
the previous version we had shown absence of colocalization with neurons, microglia and
oligodendrocytes with mCherry expression in Fig S1D, at 2 months of age. Also in line with reviewer
3’s comments, we have now replaced these images with staining from samples at 6 months of age as
now seen in novel Appendix Figure S1D, we have no evidence for mCherry expression in microglia (no
colocalization with Ibal), oligodendrocytes (no colocalization with APC) or neurons (no colocalization
with NeuN) at 6 months of age neither. So, we can conclude based on the FACS analysis at 6 months
that more than 90% of the expression is confirmed to be in astrocytes, and from the
immunohistochemistry we can deduce that other major cell types in the brain do not express the viral
vector. In addition, the promoter we are using is astrocyte specific, which further strengthens the
claim that a large portion of the 10% ACSA2-negative cells are likely to be astrocytes. While we
cannot formally exclude that a small number of non-astrocytic cells was transduced, this is likely a
very small number, and we do not see how this would affect any of the conclusions in our manuscript.
But we have indicated this more clearly in the new version of the manuscript as follows:

“At 6 months of age, we used immunofluorescence to confirm mCherry expression in ALDH1L1+
astrocytes (Appendix Fig. S1B). The ALDHI1L1 promoter is specifically expressed in astrocytes in
mouse brain (Cahoy et al., 2008; Zhang et al., 2014) and has been extensively used to target gene
expression in an astrocyte-specific setting (Clarke et al., 2018; Michalovicz et al., 2019; Hasel et al.,
2021; Endo et al., 2022; Mahan et al., 2022). Using flow cytometry, we found that around 14% of
ACSA2+ astrocytes expressed mCherry (Appendix Fig. S1Cii) and around 90% of the mCherry-positive
cells were positive for astrocyte marker ACSA2 (Appendix Fig. S1Ciii). It is likely that remaining
mCherry-positive cells are subpopulation of astrocytes that are ACSA2-negative. We do not exclude
that a small number of non-astrocytic cells are transduced by the viral particles. However, we
confirmed by immunofluorescence the lack of mCherry expression in NeuN+ neurons, Apc+



oligodendrocytes and lbal+ microglia (Appendix Fig. S1D). We also confirmed APOE expression in
mCherry+ cells (Appendix Fig. S1E), demonstrating that we reconstituted human APOE expression in
astrocytes.”



¥XX** Reviewer's comments *¥****

We thank all the reviewers for their constructive feedback and for supporting publication of our study,
with specially mentioning the inclusion of APOE2 allele which, as rightly pointed out, is often missing
in previously published studies. We paste below the full comments of the reviewers. We indicate the
positive comments in red without further comments, while we address as well as possible the
constructive criticism of the three reviewers with further explanation, clarification, or additional
experimental evidence. We also indicate what has been changed in the manuscript.

Note to all reviewers: Addressing the concerns of Referee #2 regarding the upregulation of human
APOE gene in Cluster 5 of astrocytes, we have re-done the single cell analysis to exclude any potential
artifacts caused by including this gene because in the overexpression system, APOE is under a
constitutive promoter based on viral transduction, and hence not a part of the normal transcriptional
regulatory networks. We mention this exclusion in the Materials and Methods section. After the re-
analysis, we have updated all the figures related to single cell analysis, namely Figures 2, 3, EV2
(previously S6), EV3 (previously S7) and S6. Please note that all the minor shifts in total number of
cells or p-values in differential expression are negligible, and the overall results and conclusion remain
unchanged. This further confirms that human APOE gene was unlikely to be driving the formation of
Cluster 5. Please also note that in the re-analysis, to improve clarity for readers, the astrocyte and
microglia clusters have been renamed with prefixes “a” and “m” respectively.

Referee #1 (Comments on Novelty/Model System for Author):

This manuscript by Preman et al. addresses some of the most critical questions related to APOE
genotype in Alzheimer's disease. First, they compared the impact of the various APOE genotypes (E2,
E3, and E4) on APOE knock-out by overexpression of the different isoforms using AAV. Then, they ask
how astrocytes expressing APOE impact hallmarks characteristic of Alzheimer's disease, such as
microglia reactivity and amyloid deposition. Finally, they assessed the impact of astrocytic APOE on
microglia. The authors found that astrocytic APOE is sufficient to alter amyloid deposition; however,
with this set of experiments, | believe the role of astrocytic APOE on microglia remains. The
comparison of APOE2, APOE3, and APOE4 highlights a complex mechanism of action of APOE2, and
multiple groups have previously avoided a complete comparison to simplify their work and
conclusions. | salute the efforts of the authors for including APOE2. Publishing more manuscripts like
this one is essential to better understand APOE genotypes. Below are some concerns that should be
addressed before publication

Development of the AAV model:

While we understand the authors are using an artificial overexpression model, it is essential to
compare expression levels across the different genotypes at the RNA and protein levels and quantify
how much overexpression is achieved compared to endogenous levels.

We agree that artificial overexpression models have inherent limitations and we have discussed those
better in the new version of the manuscript. We have addressed this concern to a large extent by
analysing how levels of protein expression affect the results. Performing linear regression analysis, we
determined that APOE has a dose-dependent effect on amyloid plaque formation and that this was
isoform-specific with APOE4 and APOE2 levels having a positive association while APOE3 levels
showed no association with amyloid levels (Fig. 1E)



In this study human APOE is only expressed (under Aldh1l1 promoter) in brain regions where the AAV
virus is expressed. Therefore, comparing its expression with APOE expression from endogeneous
promoters is prone to misinterpretation as endogenous APOE will be more uniformly distributed over
the brain. Constitutive expression of human APOE alleles under the endogenous mouse Apoe
promoter (Liao et al., 2015; Liemisa et al., 2023) leads to global concentrations of human APOE in the
range of 750-1000 ng per mg of homogenised brain tissue which is several folds higher than the
range of 1-2 ng per mg tissue that we observe in our model. However, this is not indicative of the
increased local concentration in the transduced regions of our experiments. We therefore checked
that the levels of expression were comparable across the experimental groups as shown in Fig 1D. We
have now, as requested, additionally added data for human APOE mRNA levels across the
experimental groups as an additional supplementary Appendix Figure S1F, which confirms similar
levels of expression between the three isoforms at the RNA level as well. By doing so we have
provided sufficient controls to allow us to make comparisons of the effects of the different genotypes
on the amyloid plaques and the microglia in the neighbourhoods of the APOE expressing astrocytes.
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Appendix Figure S1. (F) Bar plot showing human APOE mRNA levels at 6 months of age in mouse
brain homogenates measured by semiquantitative real-time PCR. Data points show mean value for 3
technical replicates per mouse (n= 3 mice per group). ns = non-significant.

Based on the data shown, only a small fraction (14%) of the astrocytes are infected by the AAV.
Therefore, it is essential to show where the infected cells are in all microscopy images.

All the images were taken from AAV-transduced cortical regions since the amyloid plaque pathology
is reconstituted only in these regions (Appendix Fig. S2A). For all the microscopy images, we now
include a reference to these overview images of coronal brain sections (Appendix Fig. S2A), to make it
clear for the readers where the transduced cells are imaged. However, we agree with the reviewer
that it is important to provide transparency and we have now also added the mCherry images
(indicating the cells that are transduced) in Figures 4A and 5B to show the transduced astrocytes.



mCherry

Ibal

Figure 4. (A) IF images of AAV transduced cortical regions (see Appendix Fig. S2A), at 6 months of
age. mCherry (red) shows the transduced astrocytes. X-34 staining (white) shows the fibrillar plaque
deposits. Co-staining with anti-lbal antibody shows microglial cells (green). Scale bar: 100 um.
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Figure 5. (B) IF images of AAV transduced cortical regions (see Appendix Fig. S2A) at 6 months of age
from control (top row) and PLX3397-treated (bottom row) groups. mCherry (red) shows the
transduced astrocytes. X-34 staining (white) shows the fibrillar plaque deposits in mouse brain
cortex. Co-staining with anti-lbal antibody shows microglial cells (green). Scale bar: 100 um.
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Since 90% of the mCherry-positive cells are astrocytes, it is important to identify what are the other
cell types that express APOE and discuss how this could impact the phenotypes observed.

We have used astrocyte-specific promoter Aldh1l1 for our expression system, and we can confirm
that more than 90% of mCherry-positive cells are ACSA2-positive astrocytes. The remaining 10%



might represent Aldh1l1-positive astrocytes which are ACSA2-negative. Neither of these markers are
expressed in 100% of all astrocytes in brain.

We have followed up on the concern that other cells than astrocytes are transduced by the vector. In
the previous version we had shown absence of colocalization with neurons, microglia and
oligodendrocytes with mCherry expression at 2 months of age in Fig. S1D. Also addressing similar
comments by Referee #3, we have now replaced these images with analyses from samples at 6
months of age in Appendix Figure S1D (reproduced below). We find no evidence for mCherry
expression in microglia (no colocalization with Ibal), oligodendrocytes (no colocalization with APC) or
neurons (no colocalization with NeuN). So, we can conclude based on the FACS analysis that more
than 90% of the expression is confirmed to be in astrocytes, and from the immunohistochemistry we
can deduce that other major cell types in the brain do not express the viral vector. In addition, the
promoter we are using is astrocyte specific, which further strengthens the claim that the 10% ACSA2-
negative cells are likely to be astrocytes. While we cannot formally exclude that a small number of
non-astrocytic cells was transduced, this is likely a very small number, and we do not see how this
would affect any of the conclusions in our manuscript. But we have indicated this more clearly in the
new version of the manuscript as follows:

“At 6 months of age, we used immunofluorescence to confirm mCherry expression in ALDH1L1+
astrocytes (Appendix Fig. S1B). The ALDHI1L1 promoter is specifically expressed in astrocytes in
mouse brain (Cahoy et al., 2008; Zhang et al., 2014) and has been extensively used to target gene
expression in an astrocyte-specific setting (Clarke et al., 2018; Michalovicz et al., 2019; Hasel et al.,
2021; Endo et al., 2022; Mahan et al., 2022). Using flow cytometry, we found that around 14% of
ACSA2+ astrocytes expressed mCherry (Appendix Fig. S1Cii) and around 90% of the mCherry-positive
cells were positive for astrocyte marker ACSA2 (Appendix Fig. S1Ciii). It is likely that remaining
mCherry-positive cells are a subpopulation of astrocytes that are ACSA2-negative. We do not exclude
that a small number of non-astrocytic cells are transduced by the viral particles. However, we
confirmed by immunofluorescence the lack of mCherry expression in NeuN+ neurons, Apc+
oligodendrocytes and Ibal+ microglia (Fig. Appendix S1D). We also confirmed APOE expression in
mCherry+ cells (Appendix Fig. S1E), demonstrating that we reconstituted human APOE expression in
astrocytes.”

mCherry/lbz mCherry/Apc (oligodendrocytes)

Appendix Figure S1. (D) IF images of AAV transduced cortical region (see Appendix Fig. S2A) of 6
NL-G-F

mCherryINeuN (neurons)

months old App X Apoe'/’ mouse brain. mCherry (red) shows the transduced cells. Co-staining



with anti-lbal antibody showing microglia (cyan) (Note that this is the same image as S1B and co-
staining was done with Aldh1l1); with anti-Apc antibody showing oligodendrocytes cells (green); with
anti-NeuN antibody showing neurons (white) (Note that Apc and NeuN panels are shown from the
same image as these markers were co-stained in the same slide). Images below show zoomed in (5x)
views indicated by the inset box of white dashed-lines. Scale bar: 100 um.

Synaptic impairment: changes in synaptic density are essential to Alzheimer's disease pathogenesis
in human and mouse models. However, it has not been evaluated in this study. It is even more critical
as the AAV was injected early after birth, and APOE was shown to alter neuronal development.
Moreover, one of the most significant DEG identified in the single-cell study is PDE10a, which, as the
authors pointed out, can also impact synapse and memory formation. Therefore, synaptic
quantification should be done in this model to validate the model itself did not cause a
developmental phenotype and to have a complete picture of the impact of APOE genotype of AD.

The purpose of this study was to evaluate the effect of astrocytic-APOE isoforms on amyloid plaque
pathology and associated glial reactivity, with focus on microglia. We agree that it would be highly
interesting to look at the effect of APOE on additional pathological features of AD such as dystrophic
neurites around plaques, synaptic density loss, behavioural defects etc. As the reviewers correctly
pointed out, it is also likely that APOE has non cell autonomous effects on neuronal development.
Such question would need additional work in wild type mice in which the APOE is knocked out and the
different human APOE isoforms are re-expressed. In order to keep the study design focused and
feasible, we limited our work on the amyloid plaque inducing aspects of APOE and used only Apoe'/ ’
/App"¢F mice in our study. That is the reason why we did not make other claims regarding additional
aspects of the complex physiology of APOE. We discuss this limitation of the study now in the 7t
paragraph of Discussion section as follows:

“Future studies comparing the effect of APOE deletion in AD versus wildtype mouse models should
help to confirm these findings. Moreover, studying the effect of APOE isoforms in wild type mice on
neuronal development and synapse formation, will be of interest as APOE is known to influence
synaptic density and to cause behavioural defects in AD mouse (Dumanis et al., 2009; Klein et al.,
2010; Koffie et al., 2012).”We hope that by clearly pointing out this limitation of the study, that the
reviewer can agree that these questions can be addressed in follow up studies.

Single-cell analysis: All conclusions based on single-cell analysis need to be based on quantifiable
methods. A hypergeometric test should be performed to evaluate the significance of common genes
across genotypes (Fig 3a and S7a), and an enrichment score or pathway analysis should be used to
label astrocyte and microglia transcriptional clusters.

We thank the reviewer for these valuable suggestions. We have now calculated significance levels (p-
values) indicating how likely it is to find a set of genes overlap in differential expression analyses
between genotypes. For this we have replaced the upset-plots from Figures 3A and EV3A (previously
S7A) using SuperExactTest algorithm (Wang et al., 2015), based on hypergeometric testing, developed
for calculating statistical distribution for multiset intersections. We have also updated the Figures 3A
and EV3A (previously S7A) to indicate the p-values by using colour-coding for the bars. The detailed
results from the statistical test are present in supplementary tables Table EV3 (for Figure 3A) and
Table EV6 (for Figure S7). Please note that using the SuperExactTest approach also resulted in a
transition from an exclusive intersection count (akin to a Venn diagram) for the original upset plots



(where the overlap of sets excluded elements present in additional sets), to an inclusive intersection
count. Under this new approach, we calculate the total overlap irrespective of additional set
memberships (e.qg., an element in A&B is counted regardless of whether it is also in C). This results in
slight changes in the values in figures 3A and EV3A (previously S7A), but does not change the
conclusions.
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Figure 3. (A) Upset plot showing number of differentially expressed genes (UP or DOWN) in
telencephalon astrocytes from each experimental group, compared to APOE3 group. Bar plot shows
the number of differentially expressed genes (DEGs) common between different DE analyses
(overlapping sets indicated by black dots in column below the bars). Bars are colored according to
statistical significance of intersection of DEGs.
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Figure EV3. (A) Upset plot showing number of differentially expressed genes (UP or DOWN) in
microglia from each experimental group, compared to APOE3 group. Bar plot shows the number of
differentially expressed genes (DEGs) common between different DE analyses (overlapping sets
indicated by black dots in column below the bars). Bars are colored according to statistical
significance of intersection of DEGs.



For pathway analysis, we have also performed Gene Ontology (GO:BP) analysis to further
characterize astrocyte and microglia clusters which is now included in new supplementary tables
Table EV2 (astrocytes) and Table EV5 (microglia).

Astrocyte-microglia interactions: While the impact of astrocytic APOE on amyloid plaque is well-
characterized, the link between astrocytes and microglia is indirect. The microglia figures are solely
based on the presence of amyloid plaque, and it needs to be clarified if and where APOE-expressing
astrocytes are located in similar regions. Microglia are changing in response to amyloid load but that
was known. Therefore, a better characterization of astrocyte-microglia direct or indirect interaction
or identifying potential communication pathways using single-cell RNA sequencing data is needed. As
is, the title is broad and misleading about the role of microglia and should be more specific.

We are now providing the mCherry images in the main figure to show that the microglia and amyloid
plaques are imaged in the AAV-transduced regions only and that the transduced astrocytes are close
to the microglia (Figures 4A and 5B, as shown above). Also, we would like to point out that the
amyloid plaque reconstitution occurs only in the AAV-transduced region as seen in Appendix Fig. S2A.
The reviewer is right that we could not separate astrocyte-microglia direct or indirect interaction
mediated in the presence of amyloid load. We understand that this is a limitation of our study and
therefore we mentioned this in the Discussion section as- “APOE expression and AB pathology are
closely associated in our model which makes it difficult to determine the factors contributing directly
or indirectly to the DEG changes seen in microglia and astrocytes. Future studies to compare the
effect of APOE deletion and isoforms in AD versus wildtype mouse models should help to confirm
these findings.”

To analyse communication pathways between astrocyte and microglia libraries, we have tried
NicheNet analysis after merging the astrocyte and microglia single-cell libraries. This did not however
yield any interpretable results. We believe that this might be due to methodological limitations of our
study that only a part of the microglia are exposed to AAV transduced astrocytes. This has also
impacted our ability to identify significant shifts in microglia cell states between the experimental
groups (Figure EV2C), as discussed in the manuscript. Therefore, we believe it is not useful to delve
further into this. We did recently publish a paper regarding astrocyte-microglia communication in the
amyloid environment based on a spatial transcriptomics method (Mallach et al., 2024), and believe
future studies using such approaches can give better insights about APOE allele specific role in these
glial cell-cell communication.

Regarding the title, this is a fair criticism and we agree that the previous title was making too broad
claims. We have adapted the title accordingly to take this criticism into full account. Previous title:
“APOE from astrocytes is sufficient to facilitate microglial responses to Alzheimer’s AB6-pathology”.
The proposed new title: “APOE from astrocytes restore Alzheimer’s AB-pathology and DAM-like
responses in APOE deficient microglia”

Referee #2 (Comments on Novelty/Model System for Author):

This is a relevant and appropriate model system



Referee #2 (Remarks for Author):

The current manuscript by Preman et al explores the effects of astrocyte-selective expression of the
three APOE alleles in an Apoe KO background in the APP-NLFG mice. This exciting study adds to a
growing, but still incomplete, understanding of cell-autonomous and non-autonomous effects of
ApoE during various stages of AD pathogenesis. Inclusion and purposeful analyses of the role of
APQOE2, which is typically excluded and quite understudied, is a major strength. Further, the finding
that microglia, themselves lacking Apoe, can still be driven to a DAM-like state via section of
astrocyte ApoE is an intriguing and important observation. The overall concept is not especially
novel, as other groups have previously investigated the effects of astrocyte-derived (or astrocyte-
selective knockout of) human ApoE. However, it should be noted that none of these prior studies
included an investigation of the protective APOE2 allele, as done in the current study, which is also
unique in its experimental approach. Thus, the impact and significance of the current study - which
was well-designed and thoughtfully completed - is still quite high.

Other major comments:

The authors generally have done an excellent job in summarizing the literature in their Introduction
section. However, the statement "AD mouse models fail to produce amyloid plaque pathology in the
absence of Apoe" is not accurate; nor do the authors provide a reference for this statement. While
the APPV717F+/- TG mouse model showed no amyloid deposition (Bales et al 1999), many other
studies have showed much more modest/nuanced effects of Apoe deletion on amyloid pathology.
The authors should be careful and precise in their wording, as this is a complicated area of research
with many studies with sometimes seemingly conflicting findings, particularly in regards to the
effects of mApoe, human APOE, and Apoe KO.

We apologise for the oversight, and we have modified the phrasing in the Introduction to reflect the
above comment, with references added as follows:

“On the other hand, AD mouse models show limited amyloid plaque pathology in the absence of
Apoe (Bales et al., 1999; Holtzman et al., 2000; Ulrich et al., 2018).”

The authors show that there was no difference in total APOE protein amount across the three
isoform groups. This is very different than other human APOE mouse models, where E2 mice have
higher ApoE concentrations, as well as human E2+ tissue, which also shows higher protein levels. Not
only differences in the isoform of human ApoE, but also the total amount of those isoforms, could
very well contribute to or explain E4>E3>E2 variance in amyloid pathology and AD risk. This is a
critical point that warrants a bit more discussion.

We agree with the reviewer that this is a limitation of our overexpression model. We do not have fully
control on the levels of expression of the constructs as this is determined stochastically by the number
of astrocytes that are targeted in each experiment. We have tried to handle this issue by making
quantitative correlations between APOE levels and amyloid levels in our model and gained important
insight regarding APOE’s dose-dependent as well as isoform-dependent effect on amyloid formation



(Fig 1E). We agree with the reviewer that we should discuss this issue more explicitly in the paper and
have now added references in 4™ paragraph of Discussion as follows:

“It has also been shown that APOE2 expression leads to increased APOE levels in mouse models and
human brain (Bales et al.,, 2009; Conejero-Goldberg et al., 2014; Riddell et al., 2008), which can
influence amyloid pathology. This is not recapitulated in our model due to inherent limitation of AAV-
mediated overexpression.”

There are several instances where the references do not seem to match the statements. For
example, the "Holtzman, Bales et al 2000" paper does not feature a GFAP-specific astrocyte
expression as the authors state. While the statement made here is still correct, the authors should
carefully check each reference associated with their claims for accuracy.

We rechecked the references for any unintended citation errors. However, in this particular case
mentioned, the Holtzman, Bales et 2000 paper (https://doi.orqg/10.1073/pnas.050004797) clearly
indicates (Materials and Methods > “Animals and Tissue Preparation” section as well as in Results>

“Expression of Human apoE Results in Fibrillar A8 Deposition and Neuritic Plaques” section) that the
human APOE expression in their mouse model is driven by the GFAP promoter. The difference with our
work is that in this case transgenic mouse were generated with GFAP driving the expression of
human APOE3 or E4, while in our model ALDH1L1 promoter drives APOE expression.

All the mice used in this study are Rag2 deficient. It is assumed that this is due to other ongoing
studies in the lab where this model is necessary. However, this is not mentioned until a passing
description in the Methods. The authors should state this up front and discuss any potential
issues/confounds with using this model in the current study.

We apologise for the confusion regarding the genetic background of our mouse model. All
experiments shown in the main paper are mice that express normal Rag2. We only used Rag2
deficient mice for an initial pilot study to characterize AAV transduction efficiency and cell-type
specificity, data which have been presented in two supplementary figures, as mentioned in the
Materials and Methods > Mice section as well as in corresponding figure legends: “All the data
presented in this study are from App™ " x Apoe"/ “mice. For a pilot study to check viral transduction
efficiency and specificity, App""° x Apoe” x Rag2” mice were used, and data from these are
presented in Appendix figures: S1A, S1E, S1F, S2A and S2B.”

The recap of the findings in the last paragraph of the introduction mention that E2 expression did not
reduce amyloid more than E3 - but should also state that both E2 and E3 were reduced compared to
E4. As an aside, these findings would seem to agree with the original papers describing the APOE x
5XFAD mice from Mary Jo LaDu's group and others - this could be a point worth mentioning in the
Discussion section.

We thank the reviewer for this suggestion to rephrase the Introduction section and have done so as
follows:

“Interestingly, in our experimental paradigm, APOE2 expression only in astrocytes did not reduce the
amyloid plaque formation compared to APOE3, even when APOE4 had significantly higher levels than
both.”


https://doi.org/10.1073/pnas.050004797

Regarding literature, in our defence, we had already mentioned the suggested publications
(including the ones from Mary Jo Ladu’s group- Youmans et al 2012 and Rodriguez et al 2014) in the
Discussion section 3" paragraph : “Nevertheless other studies have also reported that APOE2
expression is associated with similar or even higher plaque load than APOE3 (Bales et al., 2009;
Dodart et al., 2005; Rodriguez et al., 2014; Youmans et al., 2012)” as well as in the Introduction
section 2nd paragraph: “Similarly, in mouse models, the effect of APOE2 on AB plaques remains
controversial with some studies confirming decreased amyloid deposition compared to APOE3
(Castellano et al., 2011; Fagan et al., 2002; Hudry et al., 2013; Zhao et al., 2016), while others show
similar or even increased deposits (Bales et al., 2009; Dodart et al., 2005; Rodriguez et al., 2014;
Youmans et al., 2012).”

The Results section should state when the mice were injected (and how) with AAV (the Methods are
not exceptionally clear, but it seems immediately after birth).

We apologise for this oversight and have now added this information in the Methods section
(indicated in Results section as well), as follows:

Materials and Methods section:

“For intracerebroventricular (ICV) injections, on postnatal day 2/3, the mouse pups were
anaesthetized by hypothermia and approximately 2x10" infectious particles of AAV (1ul per site)
were injected into the ventricles with Hamilton syringes bilaterally: halfway between lambda and
bregma, 1 mm bilaterally from the midline and 3 mm from the pial surface (Kim et al., 2014).”

Results section:

“In order to study the role of astrocyte-derived APOE on amyloid plaque pathology, we expressed the
different human APOE isoforms (further referred to as APOE2, APOE3 and APOEA4), along with
reporter mCherry protein, specifically in astrocytes in an Apoe-deficient AD mouse model (App"“ ¢ x
Apoe’/'), using recombinant AAV2/8 particles (injected ICV at postnatal day 2/3, see Materials and

Methods for details) and the astrocyte specific promoter ALDH1L1 (Fig. 1A).”

Can the authors confirm that clusters 10 and 11 do not have microglial/myeloid cell contamination?

We can confirm that all the astrocyte clusters presented in the figures are free from other cell type
contamination. We provide additional data for this in the Materials and Methods > Analysis of single-
cell RNA sequencing datasets > Quality control of cells and samples section, during the pre-processing
stage of single cell transcriptome data, “After cell type annotation as described above, ~7% of cells
had non-astrocyte identity.” These non-astrocyte cells also included small proportion of
microglial/myeloid cells (astrocyte QC Cluster 9) and hence were excluded from further analysis. We
have now added new Appendix Figure S6 to show the contaminating clusters that were excluded, and
expanded the Quality control of cells and samples section in Materials and Methods as follows:

“Step 2: Libraries from the 4 experimental groups were merged to have in total 32,982 cells
(Appendix Fig. S6D). After cell type annotation as described above, ~7% of cells had non-astrocyte
identity. Contaminating cell types were identified (Appendix Figs. S6D, E) as ependymal cells
(astrocyte QC Cluster 5), mural cells (astrocyte QC Cluster 7), microglia (astrocyte QC Cluster 9),
endothelial cells (astrocyte QC Cluster 10) and a population of undetermined identity (astrocyte QC



Cluster 8). Out of the rest, ~31% separated out as clusters (astrocyte QC Clusters 1 and 6) with low
number of reads and gene count (Appendix Fig. S6F).”
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Appendix Figure S6. (D) UMAP plot showing 32,982 astrocytes (mCherry+/Acsa2+) sorted from 6
months old mouse brains from the four experimental groups (n= 2 or 3 mice per group). (E) Dot plot
showing the top 10 differentially expressed genes in each QC cluster of astrocyte library. Colour scale
indicates normalized expression, scaled by gene. Dot size indicates percentage of cells, in each
cluster, expressing the gene. Astrocyte QC Clusters 0, 1, 2, 3, 4 and 6 have astrocyte identity.
Contaminating cell types identified are ependymal cells (Astrocyte QC Cluster 5), mural cells
(Astrocyte QC Cluster 7), microglia (Astrocyte QC Cluster 9), endothelial cells (Astrocyte QC Cluster
10) and a population of undetermined identity (Astrocyte QC Cluster 8). (F) Violin plot showing (i)
nUMI (total count of RNA transcripts captured), (ii) nGene (total number of genes), (iii) mito
(percentage of mitochondrial genes), (iv) ribo (percentage of ribosomal genes), in each astrocyte QC
cluster.

Additionally, Cluster 10 in Fig 2 especially upregulates several astrocyte markers such as Gfap,
5s100a6, Vimentin etc. Thus, we are confident that these clusters reflect cells with astrocyte identity.

APOE is one of the differentially expressed genes in cluster 5. However, cluster 5 does not differ
between the 3 AAV groups and the APOE KO control group. How is this possible / why do the authors
think this is?

We thank the reviewer for bringing this important observation to the discussion. It is unlikely that the
Cluster 5 is driven based on APOE expression because, like the reviewer correctly points out, there is
equal membership of the APOEKO group in this cluster. However, we agree that it was our mistake to



include human APOE gene in the single cell analysis pipeline since its expression is driven by variation
in transduction in an overexpression system. Hence to avoid potential artifacts in the analysis, we
have excluded the gene and re-done the single cell analysis to avoid confusion for the readers. We
have also mentioned this in the Quality control of cells and samples section in Materials and Methods
as follows:

“In this overexpression model, since APOE is under a constitutive promoter based on viral
transduction, and hence not a part of the normal transcriptional regulatory networks, we excluded
human APOE gene expression from both astrocyte and microglia datasets prior to the following
steps.”

After the re-analysis, we have updated all the figures related to single cell analysis, namely Figures 2,
3, EV2 (previously S6), EV3 (previously S7) and S6. Please note that all the minor shifts in total
number of cells or p-values in differential expression are negligible, and the overall results and
conclusion remain unchanged. This further confirms that human APOE gene was unlikely to be driving
the formation of Cluster 5.

Please also note that in the re-analysis, to improve clarity for readers, the astrocyte and microglia
clusters have been renamed with prefixes “a” and “m” respectively.

The images in Fig 4 should be labeled with the experimental group they came from (I believe APOE4-
AAV). Did the authors confirm this Cd68 and CtsD staining in all three hAPOE experimental groups? If
so, these data/representative images would be helpful to include in the figure, or at least as
supplemental data.

We thank the reviewer for this suggestion. We have added the label for APOE4 to the figure panel in
Figure 4A. We also have staining for Cd68 and Ctsd for all three APOE groups and we have included
the APOE2 and APOE3 groups now in Appendix Figures S4G-H.
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Appendix Figure S4. (G) IF images of AAV-APOE2 and AAV-APOE3 transduced cortical regions (see
Appendix Fig. S2A) at 6 months of age. X-34 staining (white) shows the fibrillar plaque deposits. Co-
staining with anti-lbal antibody shows microglial cells (green) and anti-Cd68 antibody shows
phagocytic structures (red) inside microglia surrounding plaques. Scale bar: 100 um. (H) IF images of
AAV-APOE2 and AAV-APOE3 transduced cortical regions (see Appendix Fig. S2A) at 6 months of age.
X-34 staining (white) shows the fibrillar plaque deposits. Co-staining with anti-lbal antibody shows
microglia (green) and anti-CtsD antibody shows lysosomal structures (red) inside clustered microglia
surrounding plaques. Scale bar: 100 um.

The quantification of plague load PLX is not explicitly shown (only representative images in Fig 5B),
but this would seem to be important data to show - and directly compare against the non-PLX group.

We thank the reviewer for this suggestion and have included the quantification of plaque load from
the images for the PLX group in Figure 5C. We see a trend of decrease in plaque load in all 3 groups,
but this reaches statistical significance only in the APOE4 group.

Cc

i @APOE2 % APOE2 +PLX3397 il ®APOE3 % APOE3 +PLX3397 ill ®APOE4 72 APOE4 +PLX3397

s s s 0.0012
800 O oos 800 Q oos: 800 0.0002 O aoe r—
"
3 g 2 g< 3 > g<
& 600 Eeo.u o iaom o g 8 oos
il i3 i 31 i i3
Egm igou Egm éiom 0.1354 Egm zguu
3 S 3 3
25 52 25 35 : 2% %0
200 ® & 002 200 = & 002 200 S 00
3 2% 3 ] 3 3 £z
x <E x ¢E x <3
o 0.00 0 0.00 0 % 0.00
g g 2

Figure 5. (C) Bar plots showing number of X-34+ plaques per field of view (FOV, 20x magnification)
and area of X-34+ plaques (as fraction of total area in FOV, 20x magnification), in the AAV-transduced
cortical region for (i) APOE2, (ii) APOE3 and (iii) APOE4 groups and their respective PLX3397 treated
groups. Data points show mean value of 3 fields of view per mouse (n= 4-10 mice per group). Data
points for control non-treated groups are the same as shown in Fig. 1C

Are the data points for the non-PLX group the same mice as data shown in earlier figures? This is
fine, but if so it should be stated.

Yes, the data-points for the non-PLX group in IHC quantification (Fig. 5C) and ELISA quantification
(Fig. 5D) are the same mice as shown in earlier figures- Fig. 1C and 1E respectively. However, we have
used different mice groups for IHC and ELISA experiments. We have now added this information to
the figure legends to make this clear.

The relevance of the data in Fig 5C was not entirely clear - could the authors please reword this
section of the Results to more clearly detail their thoughts here?

Here in Figure 5, we are checking whether PLX treatment can also influence amyloid load. We have
two factors (APOE level and PLX treatment) that can influence amyloid plaque load. Comparison of
plague load from IHC images or comparison of guanidine-AB,, between treated and non-treated
groups, does not take into account the confounding effect of APOE levels on plaque load. Therefore,
we used multiple regression analysis on the biochemical quantification of amyloid level, correcting for



APOE level, to determine the effect of PLX treatment on plaque load. We have rephrased the
presentation of this data in the Results section to make this clearer as follow:

“Since we have earlier seen that APOE levels also influence AR plaque deposition (Fig. 1E), we used
multiple regression analysis to account for the confounding effect of APOE levels while comparing
guanidine-soluble AB.,, levels between PLX3397-treated and untreated animals in each experimental
group (Fig. 5C).”

Minor comments:

In the introduction, the phrasing of "the APOE2 variant was the first identified protective gene"
suggests APOE2 is a gene (APOE is the gene), rather than a variant or allele

Corrected

"We also explored [the] astrocyte transcriptome ..."

Corrected

Fig 3D is a clever way to visualize both the E4 and E2 differences relative to E3, but adding additional
labels or otherwise clarifying the directionality could be even more helpful to readers.

We thank the reviewer for this suggestion. In order to avoid clutter and confusion regarding
directionality, we have reduced the colours used. Now the colours represent significantly
dysregulated genes in each group (APOE2 or APOE4 or both). Additionally, we have provided text
along the axis to denote directionality of dysregulation of the genes. See adapted Figure 3D below
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Figure 3. (D) Quadrant plot comparing differential expression of genes in telencephalon astrocytes in
APOE2 vs APOE3 (along x-axis) and in APOE4 vs APOE3 (along y-axis). Colours in legend key indicate
significance of genes up- or downregulated in APOE2 or APOE4 or both. Significance of differentially
expressed genes based on | Log2(Fold Change) | > 0.2 and adjusted p-value < 0.05). Pearson’s
correlation, R=0.5.

Could the authors provide a bit more perspective on how they think their findings inform the role of
microglia-derived ApoE in AD pathology. In other words, how do their results fit with findings from
the Liu and Yin et al 2023 papers where hAPOE was selectively induced or deleted in microglia (both
suggesting less of a DAM response) versus other papers suggesting an E4-mediated increase in DAM
(ex. Lee et al, 2023 and Serrano-Pozo 2021)?

We thank the reviewer for this interesting point of discussion. It is indeed true that recent evidence
suggests that microglia-specific knockout of APOE4 can lead to increased clearing of amyloid plaques,
with APOE4 expression failing to induce DAM response, compared to APOE3 (Liu et al., 2023; Yin et
al., 2023b). In contrast, we have presented non-cell autonomous effects of different human APOE
isoforms on the microglial response to plaques. It is possible that when these APOE isoforms are
expressed by microglia, they can have varying effect on microglia transcriptomics. We mention this in
7" paragraph of Discussion as follows:

“Recent data also suggests a cell autonomous role of microglia-specific APOE4 expression in blocking
the DAM response, compared to APOE3 (Liu et al., 2023; Yin et al., 2023b). In our model, we have



presented a non-cell autonomous effect of different astrocyte-specific APOE isoforms on microglial
response to amyloid pathology.”

| would suggest replacing "badly understood" with "poorly" or "incompletely"

Corrected

Referee #3 (Comments on Novelty/Model System for Author):

This is an important study that aims at determining the role of astrocyte APOE isoform expression in
the development of AD core features like Ab accumulation and microglia responses. We know that
(1) APOEA4 is the main genetic risk factor for AD, (2) APOE is necessary for Ab plaque formation, (3)
APOE is one of the most highly expressed genes in astrocytes and very specific to these cells in the
healthy brain, (4) microglia strongly upregulate APOE in AD. However, we don't know how these
observations relate to each other to contribute to AD development. In this manuscript the authors
make a careful and thoughtful attempt to address this open question. Certainly there are many
remaining questions to answer in order understand the interaction of astrocytes and microglia in the
context of APOE4 driven AD, but this is an enlightening step forward towards this goal.

Strengths of the manuscript are:

- Careful assessment of the state of the field.

- Rigorous analysis and statistical assessment of the experimental data.

- Thorough interpretation of the results in the context of current knowledge.
- Acknowledgment of the limitations and further research avenues.

- Investigation of the very important question on what is the part astrocyte and microglia APOE play
on the formation of Ab plaques and how the expression of different APOE isoforms in astrocytes may
influence microglia responses.

Recommendations to improve the manuscript:

- The authors show that their AAVs are astrocyte specific in the AppNLGF mice at 2 months old.
However, all their experiments are performed at 6 months and it could be possible that the Ab
pathology alters the cell specific expression of the AAV. Similar assessments at 6 months would
reassure that APOE isoforms are still astrocyte specific at the point of analysis.

We apologise for the confusion regarding the data. The imaging for astrocyte specificity of mCherry
expression (S1B) was done at 2 months of age. But, we wanted to make sure the astrocyte-specificity
was maintained at 6 months of age and therefore quantification for the same, as shown in Fig S1C,
was done using flow cytometry at 6 months age. We have rephrased the text to make this explicitly



clear. We have now added in addition images for cell-type markers (Appendix Figure S1D, below) to
show specificity for astrocyte transduction at 6 months of age instead of 2 months of age.

mCherry/ibz T mCherry/Apc (oligodendrocytes)

Appendix Figure S1. (D) IF images of AAV transduced cortical region (see Appendix Fig. S2A) of 6
months old App""®*

mCherryINenN (neurons)

X Apoe'/’ mouse brain. mCherry (red) shows the transduced cells. Co-staining
with anti-lbal antibody showing microglia (cyan) (Note that this is the same image as S1B and co-
staining was done with Aldh1l1); with anti-Apc antibody showing oligodendrocytes cells (green); with
anti-NeuN antibody showing neurons (white) (Note that Apc and NeuN panels are shown from the
same image as these markers were co-stained in the same slide). Images below show zoomed in (5x)
views indicated by the inset box of white dashed-lines. Scale bar: 100 um.

- When mentioning Cluster 8 (Crym) citing Chai and https://www.nature.com/articles/s41586-024-
07138-0 would be more appropriate than Chai and Soto.

We thank the reviewer for the suggested reference and have included this in the updated version.

- When discussing Figure 3E, it would be good to demonstrate if the differences in expression
between phenotypes are significantly different. This could be done either in comparison to APOE3 or
with using ANOVA across genes and conditions.

We thank the reviewer for this suggestion. We have now added statistical significance to the plot
based on differential expression against APOE3 (Fig. 3E). Squares around dots denote statistical
significance based on adjusted p-value < 0.05. We noticed that several of the significant genes do not
cross the threshold of Log2(Fold Change) above 0.2 or below -0.2 that we have used for significance
in our manuscript. These are indicated with red squares. Genes that have | Log2(Fold Change) | > 0.2
are indicated with green squares. As many of the statistically significant genes do not show log fold
changes above 0.2 we have decided to move the figure to supplemental and is now presented as
Appendix Figure S3E.
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Appendix Figure S3. (E) Dot plot showing expression of previously identified AD risk genes, split by
experimental groups. Colour scale indicates normalized expression level, scaled per gene (z-score).
Dot size indicates percentage of cells, in each group, expressing the gene. Squares around dots mark
statistically significant genes (expressed in more than 25% of cells in each group and with adjusted p-
value < 0.05) based on differential expression against APOE3 group. Green squares indicate genes
with | Log2(Fold Change) | > 0.2. Red squares indicate genes with | Log2(Fold Change) | <0.2.

- The following two sentences sound contradictory, perhaps the first one can be rephrased to
increase clarity. "we provide evidence that microglia lacking endogenous APOE expression, can be
stirred in their response to amyloid pathology in a non-cell autonomous way by the APOE isoforms
secreted by astrocytes." And "microglial responses to fibrillar plaques do not seem to depend on the
isoform of APOE produced by astrocytes, but are likely mediated directly by the plaque load."

We apologise for the confusion regarding the text. The second sentence refers to there being no
difference, between APOE groups, in morphological changes in clustered microglia around amyloid
plaques. Since the first sentence was regarding APOE-deficient microglia being able to cluster around
plaques irrespective of the APOE isoforms coming from astrocytes, we have now corrected the first
sentence in the Introduction section to avoid confusion:

“We provide evidence that microglia lacking endogenous APOE expression, can be stirred in their
response to amyloid pathology by APOE secreted by astrocytes”

- Astrocyte APOE3 upregulates interferon response in both astrocytes and microglia. This is very
interesting, and it would be worth "hearing" how the authors interpret this finding in the discussion.

We thank the reviewer for this suggestion, and we have now added this to the 7t paragraph of
Discussion section as follows:

“In both astrocytes and microglia, there was an enrichment of interferon response and antigen-
presentation genes in the APOE3 dataset. This was accompanied with limited plaque formation,
compact plaques and low levels of oligomeric AR in the mice brain. Recently it was reported that
conditional knockout of microRNA miR155 in microglia in APP/PS1 mice leads to activation of
interferon-mediated signaling, which was associated with increased phagocytosis and plaque
compaction (Yin et al., 2023a).”



- | would also be interested in learning how the authors conceal the fact that "it is possible that
APOE-AB co-aggregates are taken up by microglia for clearance, depletion of which leads to
increased levels of APOE in the mouse brain" while at the same time there is less Ab amyloid in the
absence of microglia.

We apologise for the confusion in the text. In this point of discussion, we have tried to provide a
possible explanation for the increased APOE levels in the microglia-depleted mouse brain. While the
microglia-depleted mouse brains have decreased deposition of 8-amyloid plaques, when we are
talking about APOE-AB co-aggregates here, we are referring to the soluble fraction of 8-amyloid (Xia
et al., 2024). Hence in the absence of clearance of these co-aggregates due to microglia depletion, it
is possible that APOE levels can go up. At the same time the soluble fraction of amyloid can possibly
increase too. However, kinetic studies of co-aggregate levels will need to be performed in order to
confirm these speculations. To avoid the confusion regarding soluble and plaque forms of 8-amyloid,
we have now modified the text as follows:

“We also observed increased levels of APOE in the microglia depleted mouse brains, irrespective of
the isoform. APOE co-aggregates with soluble AB species in vitro (Xia et al., 2024). Thus, it is possible
that APOE-APB co-aggregates are taken up by microglia for clearance, and when microglia is depleted,
this leads to increased levels of APOE in the mouse brain.”
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