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1st Editorial Decision 11th Aug 2023

11th Aug 2023

Dear Tanya,

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.

Addressing the reviewers' concerns in full will be necessary for further considering the manuscript in our journal, however, upon
further consultation with the referees and discussion with my colleagues, we agreed that point 1. from referee #1 might be
further reaching in the context of the current study, and we would suggest to discuss this point only.

EMBO Molecular Medicine encourages a single round of revision 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.

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 .xls 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 striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-600 px high.

16) As part of the EMBO Publications transparent editorial process initiative (see our Editorial at
http://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a Review Process File (RPF)
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 RPF 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.

With kind regards,

Lise

Lise Roth, PhD
Senior Editor
EMBO Molecular Medicine

*kkkk

***** Reviewer's comments
Referee #1 (Remarks for Author):

The manuscript provides valuable insights into the critical role of Forkhead box F1 (FOXF1) in reprogramming tumor-associated
endothelial cells (TECs) within non-small cell lung cancers (NSCLC). The study highlights FOXF1 as a pivotal transcriptional
regulator orchestrating the endothelial cell (EC)-to-TEC transition, supported by compelling evidence of its reduced expression in
TECs from both human and mouse NSCLC tumors. Notably, the observed low levels of FOXF1 in NSCLC correlate with poor
overall patient survival. The authors effectively utilize genetically modified mice and conduct comprehensive molecular analyses,
demonstrating that endothelial-specific deletion of FOXF1 fosters lung tumor growth and metastasis by inducing structural and
functional abnormalities in tumor vasculature. Conversely, endothelial-specific overexpression of FOXF1 normalizes tumor
vessels and inhibits lung cancer progression. A significant implication arises from their discovery of decreased Wnt/B-catenin
signaling in TECs due to FOXF1 deficiency, which stems from direct transcriptional activation of Fzd4. To our interest, the
authors show that restoring FZD4 expression through endothelial-specific nanoparticle delivery of Fzd4 cDNA rescues Wnt/[3-
catenin signaling, normalizes tumor vessels, and effectively inhibits lung cancer progression.

In conclusion, the study presents interesting findings regarding the role of FOXF1 in TEC reprogramming within NSCLC.
However, there are important issues that need to be addressed, particularly with respect to the novelty of the findings, the
relevance of the downstream effector pathway, the nanoparticle delivery's potential impact, and the absence of human models,
before it can be deemed suitable for publication in the EMBO Molecular Medicine.

Major concern:

1. Previous studies have investigated the angiogenic role of FOXF1 in other disease models or experimental models, as
evidenced by publications from both the authors and other researchers (Bian et al., 2023, Nature Comms 14:2560; Sturtzel et
al., Front. Bioeng. Biotechnol., 2018 Jun 14;6:76). It would be valuable for the authors to elucidate what factors or mechanisms
contribute to the divergent roles of FOXF1 in different diseases, as this understanding could provide critical insights into its
context-dependent functions and potential implications for therapeutic targeting in specific conditions.

2. The downstream effector pathway of FOXF1 identified in this study, Wnt/B-catenin signaling, is well-known for its significant
role in regulating cancer cell growth and progression (Nusse et al., Cell 2017 Jun 1;169(6):985-999). Moreover, there is existing
evidence suggesting that FOXF1 can also regulate Wnt/B-catenin signaling in other cell types (Shen et al., Ebiomedicine
2020:102626). These findings raise concerns about the novelty of their current findings and the potential efficacy of solely
targeting the endothelial-FOXF1-FZD4-Wnt/B-catenin axis to effectively repress tumor growth. To provide a comprehensive
analysis, the authors should address this crucial aspect in their discussion, considering the multifaceted roles of Wnt/B-catenin
signaling and FOXF1 in cancer biology.

3. The utilization of nanoparticles for delivering Fzd4 cDNA raises valid concerns, considering the known toxicity associated with
nanoparticles in human trials (Yang et al., Annual Review of Pharmacology and Toxicology, 61, p269-289). Thus, the authors
should address potential safety issues by investigating whether the administration of these nanoparticles leads to any
pathological damage in the mice model used in the study. Additionally, given that the angiogenic role of Fzd4 is less
characterized, it is crucial to assess whether these nanoparticles exert any adverse effects on normal blood vessel endothelial
cells, particularly in the liver, as nanoparticles are known to accumulate in this organ.

4. The absence of human models and the use of a single mouse lung cell line in this study present significant challenges when



attempting to translate the authors' findings into clinical applications. To address this limitation, the authors could enhance the
relevance of their study by conducting additional experiments using human umbilical vein endothelial cells (HUVECSs) or tumor-
derived endothelial cells (TECs). Tube formation assays or in vivo matrix plug assays with these human cells would allow
investigation of FOXF1's angiogenic role under conditions that better mimic the human microenvironment. Furthermore, to gain
insights into the relevance of their findings in an in vivo setting closer to human disease, the authors can perform co-injection
experiments of human cancer cells and genetically modified TECs in nude mice, allowing evaluation of the impact on
subcutaneous lung tumor growth.

Minor concerns:

1. To enhance the clinical significance of their findings, the authors should incorporate survival data from their own patient
cohort in addition to utilizing the online TCGA database (Figure 1E).

2. To strengthen their findings in Figure 2C, the authors should provide representative images of metastatic section stained with
H&E.

3. The absence of scale bars in Figure 5A and B is a notable oversight that should be addressed. Furthermore, in Figure 5A and
B, the presentation of a tumor adhering to the lung surface, rather than growing inside the lung, appears unusual and warrants
clarification from the authors.

4. Once again, it is essential for the authors to include representative images of H&E-stained metastatic sections to substantiate
their findings in Figure 5D.

5. To ensure transparency and reproducibility, the authors should include the "n" number, representing the total number of cells
analyzed, for their single-cell sequencing results. This crucial information is currently missing in both the methods section and
figure legend.

6. The authors are advised to thoroughly review the manuscript for spelling and grammar errors. In particular, there is a spelling
mistake in Figure 6E, where "survial" should be corrected to "survival."

Referee #2 (Remarks for Author):

Bian, Goda, Wang and colleagues report on the role of FOXF1 in lung endothelial cells in non-small cell lung cancer. Decreased
expression of FOXF1 in tumor vessels altered vessel permeability and promoted cancer progression. Mechanistically, FOXF1
activated expression of Fzd4 and restoring its expression (using nanoparticle delivery of cDNA) was also sufficient to normalize
tumor vessels. Overall, the manuscript is interesting, clearly written and describes important results.

Comments:

« It would be interesting to know if the survival analysis presented in Fig 1D holds true in both adenocarcinoma and squamous
cell carcinoma.

» Why is SOX17 preferred to CD31 to identify endothelial cells in mouse tissues in Fig 1 but not later in Fig 37 Do these markers
identify the same cells in mice?

* Fig 4C shows dual b-catenin/CD31 positivity, rather than nuclear b-catenin as is suggested in the results section text.
Likewise, it is not clearly shown that nuclear b-catenin is reduced in the human data presented in Fig 4E-G. In Fig 51 and Fig 7F
nuclear b-catenin is quantified but the same y-axis label is used as in previous figures that look at overall b-catenin expression.
Ideally both quantifications would be shown for all experiments but this should be clarified.

» Did FOXF1 overexpression increase the expression of the other Wnt target genes identified by RNA seq analyses in Fig 4, or
only Axin2 (Fig 5F)?

* The survival plots in Fig 1D and Fig 6E could be edited to appear similar (e.g. high expression in consistent color).

Typos:

* "we next used [a] publicly available scRNAseq dataset"

« "Cre-mediated recombination of [a] floxed stop codon”

* Fig 6E: "survi[v]al"

« "whether FOXF1 directly regulates transcription of [the] Fzd4 gene”
* "[A] previously published ChIP-seq dataset”

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

Combination of patient data with orthotopic mouse model of NSCLC with lung EC-specific FOX-F1 overexpression or deficiency
are powerful tools to directly address the research question. Use of nanoparticles for EC-specific induction of FOX-F1
expression may have a high medical impact on lung cancer therapy

Referee #3 (Remarks for Author):

This is a very interesting study addressing a role of FoxF1 activity in EC-TEC endothelial phenotypic transition observed in lung

cancer. The authors demonstrate that FoxF1 deficiency is associated with higher mortality in patients with non-small cell lung
cancers (NSCLC). They also observed similar findings in mice with EC-specific FOX-F1 deficiency, but tumor development was



suppressed by FOX-F1 overexpression or gene transduction using EC-specific nanoparticles. The conclusions are supported by
data, the rigor of study is strong, and impact high given the prospective of future use of EC-specific gene delivery to reduce
mortality of patients with NSCLC. This reviewer has only a few minor comments to better clarify the mechanism and functional
effects of EC-TEC endothelial phenotypic transition.

Minor comments:

1. Was increased CD31 expression associated with increased EC proliferation? This scenario might be consistent with
decreased capillary perfusion in FoxF1deficient lungs.

2. Given increased EC permeability in FoxF1deficient lungs, where there any changes in VE-cadherin and claudin-5 levels
observed? If so, were they controlled by same FZD4 mechanism?

3. Besides EC-TEC transformation, did the authors observe increased angiogenesis in lung tumors? If so, how can this effect be
reconciliated with inhibited capillary angiogenesis in FoxF1-deficient embryos?



1st Authors' Response to Reviewers 19th Feb 2024

We would like to thank the Editor and the Reviewers for their time, efforts, and insightful
comments. We greatly appreciate the constructive feedback and feel that the manuscript will be
significantly improved by addressing the included comments.

**kk* Reviewer's comments *****

Referee #1 (Remarks for Author):

The manuscript provides valuable insights into the critical role of Forkhead box F1 (FOXF1) in
reprogramming tumor-associated endothelial cells (TECs) within non-small cell lung cancers
(NSCLC). The study highlights FOXF1 as a pivotal transcriptional regulator orchestrating the
endothelial cell (EC)-to-TEC transition, supported by compelling evidence of its reduced
expression in TECs from both human and mouse NSCLC tumors. Notably, the observed low levels
of FOXF1 in NSCLC correlate with poor overall patient survival. The authors effectively utilize
genetically modified mice and conduct comprehensive molecular analyses, demonstrating that
endothelial-specific deletion of FOXF1 fosters lung tumor growth and metastasis by inducing
structural and functional abnormalities in tumor vasculature. Conversely, endothelial-specific
overexpression of FOXF1 normalizes tumor vessels and inhibits lung cancer progression. A
significant implication arises from their discovery of decreased Wnt/B-catenin signaling in TECs
due to FOXF1 deficiency, which stems from direct transcriptional activation of Fzd4. To our
interest, the authors show that restoring FZD4 expression through endothelial-specific
nanoparticle delivery of Fzd4 cDNA rescues Wnt/B-catenin signaling, normalizes tumor vessels,
and effectively inhibits lung cancer progression.

In conclusion, the study presents interesting findings regarding the role of FOXF1 in TEC
reprogramming within NSCLC. However, there are important issues that need to be addressed,
particularly with respect to the novelty of the findings, the relevance of the downstream effector
pathway, the nanoparticle delivery's potential impact, and the absence of human models,
before it can be deemed suitable for publication in the EMBO Molecular Medicine.

We would like to thank the reviewer for summarizing our work and for valuable comments and
recommendations on how to strengthen our manuscript.

Major concern:

1. Previous studies have investigated the angiogenic role of FOXF1 in other disease models or
experimental models, as evidenced by publications from both the authors and other researchers
(Bian et al., 2023, Nature Comms 14:2560; Sturtzel et al., Front. Bioeng. Biotechnol., 2018 Jun
14;6:76). It would be valuable for the authors to elucidate what factors or mechanisms
contribute to the divergent roles of FOXF1 in different diseases, as this understanding could
provide critical insights into its context-dependent functions and potential implications for
therapeutic targeting in specific conditions.

We would like to thank the reviewer for the comment. We agree that this is a very important
point. We have modified the Discussion section to incorporate published studies about the



divergent roles of FOXF1 in different diseases and potential implications for therapeutic
targeting of FOXF1 in specific conditions as follows:

“In addition to its vessel-stabilizing property, FOXF1 was implicated in embryonic
angiogenesis (Pradhan et al, 2019; Ren et al., 2014; Sturtzel et al, 2018; Sun et al, 2021), anti-
fibrotic effects in lung fibroblasts (Black et al, 2018), supporting lung regeneration after
pneumonectomy (Bolte et al., 2017; Cai et al., 2016), and engraftment of endothelial progenitor
cells after cell therapy (Kolesnichenko et al, 2023; Wang et al, 2021). Furthermore, FOXF1 was
found to be required for oncogenic potential of tumor cells in rhabdomyosarcomas (Milewski et
al, 2017; Milewski et al, 2021) and gastrointestinal stromal tumors (Ran et al, 2018). These
published studies demonstrate that FOXF1 plays divers roles in different diseases by regulating
multiple downstream signaling pathways in cell-specific manner reviewed in (Bolte et al, 2020a)
and (Bolte et al, 2018). While therapeutic targeting of FOXF1 can be achieved using either gene
therapy (Bolte et al, 2020b) or TanFe small molecule compound (Pradhan et al, 2023), further
understanding of cell- and context-dependent functions of FOXF1 is needed for future
considerations of FOXF1-directed therapies.”

We have also included the new references suggested by the Reviewer (Sturtzel et al.,
Front. Bioeng. Biotechnol., 2018 Jun 14;6:76 and Bian et al., 2023, Nature Comms 14:2560) to
support the revised Discussion.

2. The downstream effector pathway of FOXF1 identified in this study, Wnt/B-catenin signaling,
is well-known for its significant role in regulating cancer cell growth and progression (Nusse et
al., Cell 2017 Jun 1;169(6):985-999). Moreover, there is existing evidence suggesting that FOXF1
can also regulate Wnt/B-catenin signaling in other cell types (Shen et al., Ebiomedicine
2020:102626). These findings raise concerns about the novelty of their current findings and the
potential efficacy of solely targeting the endothelial-FOXF1-FZD4-Wnt/B-catenin axis to
effectively repress tumor growth. To provide a comprehensive analysis, the authors should
address this crucial aspect in their discussion, considering the multifaceted roles of Wnt/8-
catenin signaling and FOXF1 in cancer biology.

We agree. As the Reviewer suggested, we revised the Discussion section to provide additional
information about the multifaced roles of Wnt/ B-catenin signaling and FOXF1 in cancer biology
as follows:

“In addition to its role in tumor vasculature, Wnt/f catenin signaling regulates stromal
and tumor cells to promote carcinogenesis (reviewed in (Nusse & Clevers, 2017)). Furthermore,
FOXF1 was implicated in regulation of Wnt/§ catenin signaling in fibroblasts and osteoblasts
(Reza et al, 2023; Shen et al, 2020). Therefore, it is possible that targeting of endothelial-
FOXF1-FZD4-Wnt//B catenin axis can be insufficient to effectively repress tumor growth. The
use of multiple therapeutic agents simultaneously inhibiting tumor cells and cells of tumor
microenvironment may be needed to supplement the endothelial-specific nanoparticle FZD4
therapy for NSCLC.”

We have also provided several new references (including Nusse et al., Cell 2017 Jun
1;169(6):985-999) to support the revised Discussion.

3. The utilization of nanoparticles for delivering Fzd4 cDNA raises valid concerns, considering the



known toxicity associated with nanoparticles in human trials (p). Thus, the authors should
address potential safety issues by investigating whether the administration of these
nanoparticles leads to any pathological damage in the mice model used in the study.
Additionally, given that the angiogenic role of Fzd4 is less characterized, it is crucial to assess
whether these nanoparticles exert any adverse effects on normal blood vessel endothelial cells,
particularly in the liver, as nanoparticles are known to accumulate in this organ.

We agree. In contrast to the previously characterized nanoparticles (metallic and
liposome/micelle nanoparticles from the initial clinical trials) that raised safety concerns (Yang
W., et al., Annu Rev Pharmacol Toxicol. 2021 Jan 6;61:269-289. doi: 10.1146,

PMID: 32841092), the PBAE nanoparticles contains a large number of ester bonds that can be
degraded by hydrolysis reactions under physiological conditions and turn into small molecules
which are harmless or non-toxic to mammalian cells (Zhang et al., Mol Ther Nucleic Acids. 2023
Apr 23:32:568-581.doi: 10.1016, PMID: 37200860). Therefore, PBAE has been considered as
a promising candidate for in vivo gene delivery with no or minimal toxicity (Young et al, Adv
Healthc Mater. 2019 Jan;8(2):€1801359. doi: 10.1002, PMID: 30549448). In our previous work,
no toxicity was found for the PBAE polymer-based nanoparticles (Deng Z., et al, Bioact Mater.
2023 Aug 7;31:1-17. doi: 10.1016; PMID: 37593494 and Donovan J et al, Front Oncol. 2023
Feb 2;13:1112859.PMID: 36816948).

Furthermore, we performed additional experiments to address the concern of the
Reviewer about the potential nanoparticle toxicity. To test the safety of this intravenously
injected PBAE nanopatrticles carrying CMV- Fzd4 (nano-Fzd4) a toxicity study was performed to
examine the liver and kidney metabolic panels in the peripheral blood (new Figure EV5, new
Appendix Table S4, and new Appendix Table S5). Compared to the control group, no significant
differences were found in total protein, Albumin, Globulins, ALP, Total Bilirubin, GGT, and ALT,
indicating normal liver function. Similarly, no differences in BUN and Creatinine levels were
found in the nano-Fzd4 treated group compared to the control group, indicating normal kidney
function (new Appendix Figure EV5A, Appendix Table S4). Lack of abnormalities in these
parameters indicated that the nano-Fzd4 treatment is not toxic to the liver and kidneys. In the
hematology test, the nano-Fzd4 treated group had no changes in hematologic parameters
compared to the control group (new Figure EV5B and Table S5). Furthermore, no significant
body weight changes were found between nano-Fzd4-treated and control groups (new Figure
EV5C). Also, the nano-Fzd4 treatment did not change the histological appearance of endothelial
cells in the liver, as demonstrated by immunostaining for Pecaml1 (CD31) (new Figure EV5D).
These new data were incorporated into the revised manuscript.

4. The absence of human models and the use of a single mouse lung cell line in this study
present significant challenges when attempting to translate the authors' findings into clinical
applications. To address this limitation, the authors could enhance the relevance of their study
by conducting additional experiments using human umbilical vein endothelial cells (HUVECs) or
tumor-derived endothelial cells (TECs). Tube formation assays or in vivo matrix plug assays with
these human cells would allow investigation of FOXF1's angiogenic role under conditions that
better mimic the human microenvironment. Furthermore, to gain insights into the relevance of
their findings in an in vivo setting closer to human disease, the authors can perform co-injection
experiments of human cancer cells and genetically modified TECs in nude mice, allowing
evaluation of the impact on subcutaneous lung tumor growth.



We agree and would like to thank the reviewer for the comment. As the reviewer
suggested, we have performed additional experiments using human pulmonary arterial
endothelial cells (HPAEC), which are more relevant to lung endothelial cells than HUVECs. The
efficient shRNA-mediated inhibition of FOXF1 decreased FZD4 in HPAEC (new Figure 4F).
Consistent with the reduced Wnt/B-catenin signaling, expression of Lefl, one of Wnt/B-catenin
downstream targets, was also decreased (new Figure 4F). In addition, we have also performed
the spheroid assay using H-441 human lung adenocarcinoma cells co-cultured with either
control or FOXF1-deficient HPAEC. Tumor spheroids grew faster in the presence of FOXF1-
deficient HPAEC (new Figure 4E), which was consistent with the conclusions from the animal
model. Altogether, inhibition of FOXF1 in human endothelial cells reduced FZD4 and promoted
tumor cell growth in human lung tumor spheroids. These new data have been incorporated into
the revised manuscript.

As the reviewer suggested, we did perform the in vivo experiments co-injecting H-441
human cancer cells and genetically modified mouse TECs in immunocompromised mice.
Unfortunately, due to small size of mouse lung tumors we were unable to purify sufficient
numbers of TECs to adequately support human lung tumors in immunocompromised mice H-
441 human cells. This could be due to substantial differences between subcutaneous and
pulmonary microcirculation.

Minor concerns:
1. To enhance the clinical significance of their findings, the authors should incorporate survival
data from their own patient cohort in addition to utilizing the online TCGA database (Figure 1E).

We would like to thank the Reviewer for the comment. Since we have been
prospectively receiving the de-identified NSCLC lung tissue samples from the University of
Cincinnati Biorepository, we do not have the survival data for the 18 samples that were included
in the manuscript (Appendix Table S1). However, we have performed additional analysis for the
1,931 NSCLC samples from TCGA to assess separately the survival of patients with
adenocarcinoma (AD) and squamous cell carcinoma (SCC). We have shown that by comparing
patients in lower and upper quartile for FOXF1 expression in both cohorts, including AD and
SCC, the survival is significantly lower in the FOXF1 low group (new Figure EV1A). These new
data have been incorporated into the revised manuscript.

2. To strengthen their findings in Figure 2C, the authors should provide representative images of
metastatic section stained with H&E.

As the Reviewer requested, we have provided the representative images of the H&E-
stained metastatic sections (new Appendix Figure S1C).

3. The absence of scale bars in Figure 5A and B is a notable oversight that should be addressed.
Furthermore, in Figure 5A and B, the presentation of a tumor adhering to the lung surface,
rather than growing inside the lung, appears unusual and warrants clarification from the
authors.

As requested, the scale bars in Figures 5A and 5B were added. Also, we have replaced
the H&E-stained tumor section in Figure 5B to show the representative growth of lung tumor.



4. Once again, it is essential for the authors to include representative images of H&E-stained
metastatic sections to substantiate their findings in Figure 5D.

As the Reviewer requested, we have provided the representative images of the H&E-
stained metastatic sections (new Appendix Figure S1C).

5. To ensure transparency and reproducibility, the authors should include the "n" number,
representing the total number of cells analyzed, for their single-cell sequencing results. This
crucial information is currently missing in both the methods section and figure legend.

We agree and apologize for our oversight. The total number of cells that were used for
single cell sequencing analyses had been added to the figure, the figure legend and to the
methods section as the reviewer requested (revised Figure 1H).

6. The authors are advised to thoroughly review the manuscript for spelling and grammar
errors. In particular, there is a spelling mistake in Figure 6E, where "survial" should be corrected
to "survival."

The spelling mistake in Fig 6E has been corrected. The manuscript has been reviewed
and the spelling and grammar errors were corrected.

Referee #2 (Remarks for Author):

Bian, Goda, Wang and colleagues report on the role of FOXF1 in lung endothelial cells in non-
small cell lung cancer. Decreased expression of FOXF1 in tumor vessels altered vessel
permeability and promoted cancer progression. Mechanistically, FOXF1 activated expression of
Fzd4 and restoring its expression (using nanoparticle delivery of cDNA) was also sufficient to
normalize tumor vessels. Overall, the manuscript is interesting, clearly written and describes
important results.

Comments:
e |t would be interesting to know if the survival analysis presented in Fig 1D holds true in both
adenocarcinoma and squamous cell carcinoma.

We agree and would like to thank the reviewer for the valuable comment. As requested,
we have performed additional analysis of NSCLC samples from TCGA to assess separately the
survival of patients with adenocarcinoma (AD) and squamous cell carcinoma (SCC). We have
shown that by comparing patients in lower and upper quartile for FOXF1 expression in both
cohorts of AD and SCC, the survival is significantly lower in the FOXF1 low group (new Figure
EV1A).

e Why is SOX17 preferred to CD31 to identify endothelial cells in mouse tissues in Fig 1 but not
later in Fig 3? Do these markers identify the same cells in mice?



We agree and we have clarified this issue by providing new experimental data. Our goal
was to quantify the number of FOXF1-positive endothelial cells. Since FOXF1 is a nuclear
protein, we wanted to use the nuclear marker of lung endothelial cells for easier quantification of
double positive cells. SOX17 is a nuclear protein and has been shown to be expressed in the
majority of lung CD31-positive endothelial cells in mouse lungs (Lange et al, Dev Biol. 2014 Mar
1;387(1):109-20, PMID: 24418654, Cai et al, Sci Signal. 2016 Apr 19;9(424):ra40,

PMID: 27095594). To verify our results and to address the reviewer's comment, we have
performed additional staining using CD31 and FOXF1 antibodies. We have got the similar
results and demonstrated that tumor-associated CD31-positive endothelial cells had decreased
levels of FOXF1 protein compared to normal lung ECs (new Figure EV2A). These new data
have been incorporated into the revised manuscript.

* Fig 4C shows dual b-catenin/CD31 positivity, rather than nuclear b-catenin as is suggested in
the results section text. Likewise, it is not clearly shown that nuclear b-catenin is reduced in the
human data presented in Fig 4E-G. In Fig 5 and Fig 7F nuclear b-catenin is quantified but the
same y-axis label is used as in previous figures that look at overall b-catenin expression. Ideally
both quantifications would be shown for all experiments but this should be clarified.

We agree. We apologize for the mistake in labeling the y-axes in Fig. 4C. The y-axis
label should read “% of nuclear b-catenin® endothelial cells”, which is the same as in Fig 5l and
Fig 7F. Since b-catenin was expressed in both endothelial and tumor cells, we used dual b-
catenin/CD31 staining to quantify the numbers of CD31-positive endothelial cells that expressed
nuclear b-catenin. Also, we have added the higher magnification of tumor sections to
demonstrate the presence of nuclear b-catenin staining in control endothelial cells and the
decreased nuclear b-catenin staining in the endFoxf1+/- endothelial cells (revised Figure 4B).

» Did FOXF1 overexpression increase the expression of the other Wnt target genes identified by
RNA seq analyses in Fig 4, or only Axin2 (Fig 5F)?

We agree. To address this question, we have performed additional experiments and
demonstrated that FOXF1 overexpression increased the expression Axin2 in lung endothelial
cells (revised Figure 5F). Axinl, Lefl and Wnt4 mRNAs were unchanged, indicating that this
modest FOXF1 overexpression was insufficient to alter the expression of these genes. The new
data was incorporated in the revised Figure 5F and the Results section.

e The survival plots in Fig 1D and Fig 6E could be edited to appear similar (e.g. high expression in
consistent color).

We agree. As the Reviewer requested, we have changed the color of lines in Fig 1D and
Fig 6E to make it consistent.

Typos:
e "we next used [a] publicly available scRNAseq dataset"
» "Cre-mediated recombination of [a] floxed stop codon"



e Fig 6E: "survi[v]al"
» "whether FOXF1 directly regulates transcription of [the] Fzd4 gene"
e "[A] previously published ChilP-seq dataset"

We apologize for our mistakes. The typos have been corrected.

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

Combination of patient data with orthotopic mouse model of NSCLC with lung EC-specific FOX-
F1 overexpression or deficiency are powerful tools to directly address the research question. Use
of nanopatrticles for EC-specific induction of FOX-F1 expression may have a high medical impact
on lung cancer therapy

Referee #3 (Remarks for Author):

This is a very interesting study addressing a role of FoxF1 activity in EC-TEC endothelial
phenotypic transition observed in lung cancer. The authors demonstrate that FoxF1 deficiency is
associated with higher mortality in patients with non-small cell lung cancers (NSCLC). They also
observed similar findings in mice with EC-specific FOX-F1 deficiency, but tumor development
was suppressed by FOX-F1 overexpression or gene transduction using EC-specific nanoparticles.
The conclusions are supported by data, the rigor of study is strong, and impact high given the
prospective of future use of EC-specific gene delivery to reduce mortality of patients with NSCLC.
This reviewer has only a few minor comments to better clarify the mechanism and functional
effects of EC-TEC endothelial phenotypic transition.

We appreciate the reviewer’s affirmative comments and the time spent to review our
manuscript.

Minor comments:
1. Was increased CD31 expression associated with increased EC proliferation? This scenario
might be consistent with decreased capillary perfusion in FoxF1deficient lungs.

We agree. As the reviewer suggested, we performed additional experiment using
immunostaining of control and FOXF1-deficient tumor sections for Ki-67 and CD31 to count the
number of double positive cells. Proliferation rates of endothelial cells in lung tumors were low
(less than 0.03%). Only single proliferating endothelial cells were present within FOXF1-
deficient lung tumor sections and none in the control tumors. Thus, it is unlikely that the
decreased capillary perfusion in the FOXF1-deficient tumors is a consequence of increased EC
proliferation. We have added the new data to Appendix Figure S2 and have modified the
Results section.

2. Given increased EC permeability in FoxF1deficient lungs, where there any changes in VE-
cadherin and claudin-5 levels observed? If so, were they controlled by same FZD4 mechanism?



We agree and would like to thank the reviewer for the very insightful comment. To
address the comment, we have performed additional analysis of human scRNAseq dataset and
have shown that the expression levels of both VE-cadherin and Claudin-5 mRNAs were
decreased in the tumor-associated ECs compared to normal lung ECs (new Appendix Figure
S3A). Next, we verified that the mouse model recapitulated the human data by performing
additional RNAscope experiments to examine VE-cadherin and Claudin-5 in FOXF1-deficient
lung tumors. The new data are provided in the new Appendix Figure S3B-C. The data show that
VE-cadherin and Claudin-5 levels are decreased in TECs of endFoxf1*" tumors compared to
control tumors (new Appendix Figure S3B (left and middle panels) and Appendix Figure S3C).
Finally, treatment with nanoparticles containing Fzd4 plasmid improved VE-cadherin and
Claudin-5 levels (new Appendix Figure S3B (right panel) and Appendix Figure S3C), pointing to
the same FRZ4 mechanism. These new data were incorporated into the Results section of the
revised manuscript.

3. Besides EC-TEC transformation, did the authors observe increased angiogenesis in lung
tumors? If so, how can this effect be reconciliated with inhibited capillary angiogenesis in FoxF1-
deficient embryos?

We agree that this is an interesting question. We have observed elevated endothelial
cell numbers in FoxF1-deficient tumors (Fig. 3), suggesting an increased tumor angiogenesis.
This contrasts with diminished angiogenesis in FoxF1-deficient embryonic and neonatal lungs
(Pradhan et al., 2019; Ren et al., 2014; Sturtzel et al., 2018; Sun et al., 2021). One explanation
is that FOXF1 regulates angiogenesis differently in normal embryonic/neonatal lung tissue
compared to lung tumor tissue. This is consistent with the different gene expression profiles in
normal ECs (NEC) vs tumor-associated ECs (TEC) as reported in the present manuscript.
Published studies demonstrate that FOXF1 can function as a pioneer transcription factor to
remodel chromatin and make it accessible for other transcription factors to regulate gene
expression (Ran et al, 2018). Therefore, it is possible that FOXF1-regulated chromatin
remodeling can lead to either stimulation or inhibition of angiogenesis depending on other
transcription factors that differentially expressed in normal and cancer lung tissues. We have
incorporated this possibility into the Discussion section of the revised manuscript.



1st Revision - Editorial Decision 6th Mar 2024

6th Mar 2024

Dear Tanya,

Thank you for submitting your revised manuscript. We have now received the feedback from the three referees who re-reviewed
your manuscript. As you will see below, they are satisfied with the revisions, and | will therefore be able to accept your
manuscript once the following editorial points will be addressed:

1/ Please address the minor comments from referee #2.

2/ Manuscript text:

- Your manuscript was cross-checked for text similarities, and a few matches were found with your previous Nat. Com.
publication (see for instance screenshot attached). Please modify your text accordingly (please note that Materials and Methods
are excluded from these checks).

- Please remove the red text, and only keep in track changes mode any new modification.

- Please provide up to 5 keywords.

- Materials and Methods:

o Mice: please indicate the origin of the animals and age at time of experiment (orthotopic model of lung cancer).

o Cells: please indicate origin, and whether the cells were authenticated and tested for mycoplasma contamination.

o Statistics: please include a statement on inclusion/exclusion criteria.

o Human samples: please include a statement that the experiments conformed to the principles set out in the WMA Declaration
of Helsinki and the Department of Health Services Belmont Report.

- Data availability: Thank you for providing a reviewer token for your RNAseq data. Please note that this dataset must be made
public before acceptance of the manuscript.

- Please replace "Conflict of Interest" by "Disclosure statement and competing interests". We updated our journal's competing
interests policy and request authors to consider both actual and perceived competing interests
(https://www.embopress.org/competing-interests). Please add the sentence: "T. Kalin is a member of the EMM Editorial Board.
This has no bearing on the editorial consideration of this article for publication.”

3/ Figures and Appendix:

- Please provide exact p values, not a range, in the figures or in their legends.

- Appendix: please add page numbers to the table of content, remove the red font, and upload in pdf format.

- Please make sure the figures are referenced in chronological order in the text (currently, Fig EV2A is called out before Fig
EV1B,C).

- Reuse of figures/figure panels is allowed, but should be mentioned in the figure legends (i.e. Figure 6C Mouse lung and Figure
EV2 Normal lung).

- Please carefully check the composition of your Appendix Figure S2.

- Please address the queries from our data editors in the figure legends:

1. Please note that a separate 'Data Information' section is required in the legends of figures 3d-g; EV 3d-e.

2. Please indicate the statistical test used for data analysis in the legend of figure 4a.

3. 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 1h; 6a; EV 1c.

4. Please note that information related to n is missing in the legends of figure 6a; EV 1c.

5. Please note that the scale bar needs to be defined for figures 4b, g; 5a-b, e; 6¢-d; 7¢c, e-g; EV 2f.

6. Please note that scale bar and its definition are missing for figure 2h.

7. Please note that the white arrows are not defined in the legend of figure 7f, EV 5d. This needs to be rectified.

4/ Thank you for providing Source Data. Please upload them as one file per figure.

5/ Checklist:

- please provide information on cell authentication/mycoplasma contamination.

- please check the section "experimental animals/animal observed in or captured from the field", as | don't think it applies to your
manuscript.

- please provide information in the "statistics" section, inclusion/exclusion criteria.

- please check the section "Ethics/Specimen and field samples”, as | don't think it applies to your study.

6/ Thank you for providing a synopsis. Please also suggest a visual abstract to illustrate your article as a PNG/tiff/jpeg file 550 px
wide x 300-600 px high.

7/ As part of the EMBO Publications transparent editorial process initiative (see our Editorial at



http://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a Review Process File (RPF)
to accompany accepted manuscripts.

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
RPF.

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

I look forward to receiving your revised manuscript.
With kind regards,
Lise

Lise Roth, PhD
Senior Editor
EMBO Molecular Medicine

kkkkk

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

This study holds significance for the medical application of the blood vessel normalization concept. However, the utilization of
nanoparticles may still pose certain limitations in clinical settings due to their known toxicity. As | mentioned before, the
downstream effector pathway of FOXF1 identified in this study, Wnt/B-catenin signaling, is well-known for its significant role in
regulating cancer cell growth and progression (Nusse et

al., Cell 2017 Jun 1;169(6):985-999). Moreover, there is existing evidence suggesting that FOXF1 can also regulate Wnt/j3-
catenin signaling in other cell types (Shen et al., Ebiomedicine

2020:102626). These findings raise concerns about the novelty of their current findings and the potential efficacy of solely
targeting the endothelial-FOXF1-FZD4-Wnt/B-catenin axis to

effectively repress tumor growth. | have no objections regarding the choice of model organism used in this study.

Referee #1 (Remarks for Author):

The authors have satisfactorily addressed my concerns in this revised version.

Referee #2 (Remarks for Author):
The authors have addressed my concerns and those of other reviewers well and | now feel the paper is suitable for publication.

Some minor thoughts from my read through of this version:

* There is a typo in Figure 1E ("suvivor").
* The inconsistent use of bold/not bold font in Figures is quite distracting.
* Define BUN



2nd Authors' Response to Reviewers 19th Mar 2024

The authors addressed the minor editorial issues.



2nd Revision - Editorial Decision 21st Mar 2024

21st Mar 2024
Dear Tanya,

Thank you for submitting your revised files. | am pleased to inform you that your manuscript is accepted for publication and is
now being sent to our publisher to be included in the next available issue of EMBO Molecular Medicine!

Thank you for resizing the synopsis, however, the text appears very small (difficult to read), and the resolution is low. Could you
please send us a new version as soon as possible?

Please also note that | have removed "Source data are available online for this figure" from the figure legends.
Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment

information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/17574684/authorguide#chargesguide

Should you be planning a Press Release on your article, please get in contact with embo_production@springernature.com as
early as possible in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to EMBO
Molecular Medicine.

With kind regards,

Lise

Lise Roth, Ph.D
Senior Editor
EMBO Molecular Medicine

>>> Please note that it is EMBO Molecular Medicine policy for the transcript of the editorial process (containing referee reports
and your response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to
inform the Editorial Office via email immediately. More information is available here: https://www.embopress.org/transparent-
process#Review_Process



EMBO Press Author Checklist

Corresponding Author Name: Tanya V Kalin

Journal Submitted to: EMBO Molecular Medicine

Manuscript Number: EMM-2023-18405

Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in
transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your manuscript.

Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate

[ A

and unbiased manner.

USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.

plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.
= an explicit mention of the biological and chemical entity(ies) that are being measured.
= an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
— the exact sample size (n) for each experimental group/condition, given as a number, not a range;
— a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including
how many animals, litters, cultures, etc.).
— a statement of how many times the experiment shown was independently replicated in the laboratory.
— definitions of statistical methods and measures:
- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;
- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?
- exact statistical test results, e.g., P values = x but not P values < x;
- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.
Please complete ALL of the questions below.
Select "Not Applicable" only when the requested information is not relevant for your study.
Materials
Newly Created Materials Information inclyded in In which section is the information available? _
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
glsgyr;aterials and reagents need to be available; do any restrictions s Materials and Methods
Aiifaedlics Information included in In which section is the information available?

the manuscript?

(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Appendix Table S2

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Yes

Appendix Table S3

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession number

in repository OR supplier name, catalog number, clone number, and/OR Yes Materials and Methods
RRID.

Primary cultures: Provide species, strain, sex of origin, genetic VS Materials and Methods
modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling) VS Materials and Methods

and tested for mycoplasma contamination.

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)



https://www.embopress.org/page/journal/14602075/authorguide
https://www.embopress.org/page/journal/14693178/authorguide
https://www.embopress.org/page/journal/17444292/authorguide
https://www.embopress.org/page/journal/17574684/authorguide
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https://doi.org/10.31222/osf.io/9sm4x

Laboratory animals or Model organisms: Provide species, strain, sex,

age, genetic modification status. Provide accession number in repository Yes Materials and Methods
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,

and age where possible.

Please detail housing and husbandry conditions. Yes Materials and Methods

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Yes

Materials and Methods-Ethical statement

Core facilities

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?

Design

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

Yes

Materials and Methods

Report the clinical trial registration number (at ClinicalTrials.gov or
equivalent), where applicable.

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Yes

Materials and Methods

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Materials and Methods and Figure legends

Were any steps taken to minimize the effects of subjective bias when
allocating animals/samples to treatment (e.g. randomization procedure)?
If yes, have they been described?

Materials and Methods

Include a statement about blinding even if no blinding was done.

Materials and Methods

Describe inclusion/exclusion criteria if samples or animals were
excluded from the analysis. Were the criteria pre-established?

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

Materials and Methods

For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Materials and Methods and Figure legends

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

Yes

Figure legends

In the figure legends: define whether data describe technical or biological
replicates.

Yes

Figure legends

Ethics

Ethics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Yes

Materials and Methods




Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and
the Department of Health and Human Services Belmont Report.

Yes

Materials and Methods

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Yes

Materials and Methods

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the

regulatory approval provided in the manuscript?

Report

ing

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

For tumor marker prognostic studies, we recommend that you follow the
REMARK reporting guidelines (see link list at top right). See author
guidelines, under ‘Reporting Guidelines’. Please confirm you have followed
these guidelines.

For phase Il and lll randomized controlled trials, please refer to the
CONSORT flow diagram (see link list at top right) and submit the
CONSORT checklist (see link list at top right) with your submission. See
author guidelines, under ‘Reporting Guidelines’. Please confirm you have

submitted this list.

Data A

vailability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

Yes

Data Availability (GSE255969)
token for reviewer to access: wzchugkwzhijpor

Were human clinical and genomic datasets deposited in a public access-|
controlled repository in accordance to ethical obligations to the patients and
to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

If publicly available data were reused, provide the respective data

citations in the reference list.

Materials and Methods
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