
Targeting ATP2B1 impairs PI3K/Akt/FOXO signaling and
reduces SARS-COV-2 infection and replication.
Pasqualino de Antonellis, Veronica Ferrucci, Marco Miceli, Francesca Bibbo, Fatemeh Asadzadeh, Francesca Gorini, 
Alessia Mattivi, Angelo Boccia, Roberta Russo, Immacolata Andolfo, Vito Alessandro Lasorsa, Sueva Cantalupo, 
Giovanna Fusco, Maurizio Viscardi, Sergio Brandi, Pellegrino Cerino, Vittoria Monaco, Dong-Rac Choi, Jae-Ho Cheong, 
Achille Iolascon, Stefano Amente, Maria Monti, Luca L. Fava, Mario Capasso, Hong-Yeoul Kim, and Massimo Zollo

Corresponding author(s): Massimo Zollo (massimo.zollo@unina.it)

Review Timeline: 7th Sep 22
27th Oct 22
8th Mar 24

22nd Mar 24
9th Apr 24

23rd Apr 24
2nd May 24

Submission Date:  
Editorial Decision: 
Appeal Received: 
Editorial Decision: 
Revision Received: 
Editorial Decision: 
Revision Received: 
Accepted: 7th May 24

Editor: Achim Breiling

Transaction Report:
(Note: With the exception of the correction of typographical or spelling errors that could be a source of ambiguity, letters and
reports are not edited. Depending on transfer agreements, referee reports obtained elsewhere may or may not be included in
this compilation. Referee reports are anonymous unless the Referee chooses to sign their reports.)



27th Oct 20221st Editorial Decision

Dear Dr. Zollo,

Thank you for the submission of your research manuscript to EMBO reports. I have now received the reports from the three
referees that were asked to assess the manuscript that are copied below. This took significantly longer than usual, but we
depend on our referees that in this case took much more time for the review than originally agreed on.

I am sorry to say that the decision on your manuscript is not a positive one. As you will see, referees #1 and #2 indicate that the
data presently are rather premature and that they do not sufficiently support the conclusions. Referee #1 in particular indicates
that the physiological relevance of the findings remains unclear and also indicates that the molecular explanation of the action of
identified inhibitor(s) is not convincing or sufficient (a point that was also raised by referee #2). Moreover, both referees note
deficiencies in the experimental approach and the data presentation, and also indicate missing controls and other technical
shortcomings. Referee #3 is more positive, but also has several concerns. As the reports are below, I will not further detail them
here.

Given the comments of the referees, the amount of work required to address them, and the fact that EMBO reports can only
invite revision of papers that receive enthusiastic support from all the referees upon initial assessment, I cannot offer to publish
your manuscript.

I am sorry to have to disappoint you this time. I nevertheless hope that the referee comments will be helpful in your continued
work in this area, and I thank you once more for your interest in our journal. 

Yours sincerely

Achim Breiling
Senior Editor
EMBO Reports

-----------------
Referee #1:

In this manuscript, Antonellis and colleagues investigated the involvement of the ATP2B1 membrane Ca2+ pump in SARS-CoV-
2 infection. The authors demonstrated that knockdown of ATP2B1 attenuated SARS-CoV-2 infection (based on the amount of
SARS-CoV-2 N protein), and SARS-CoV-2 infection downregulated ATP2B1 expression in primary human nasal epithelial cells.
The authors further developed a new drug that inhibits ATP2B1 function and SARS-CoV-2 replication in vitro.
It would be appreciated that the authors explored the role of the membrane Ca2+ pump in virus infection; however, this study is
too descriptive, molecular mechanisms are essentially still ambiguous, and the presented data do not sufficiently support the
authors' conclusions. Therefore, it is unclear how broadly significant the findings are, and this reviewer deems that the
manuscript might be more suitable for a specialized journal.

Major concerns:
1 It is essential to demonstrate the involvement of ATP2B1 in viral infection in vivo. Therefore, the authors need to prove the
effect of PI-7 treatment on SARS-CoV-2 infection in animal models.
2 It is a superb discovery that the authors identified an SNP in the ATP2B1 gene frequently observed in severe cases of COVID-
19. This finding led to identifying FOXO3 as a transcriptional regulator of ATP2B1. However, it is mandatory to perform promoter
assays to check whether the regulation of ATP1B1 expression by FOXO3 is affected by the SNP to support the authors'
conclusion.
3 The method and data for quantification of viral replication are not convincing.
3.1 Viral replication should be examined by the qPCR method, which ensures the quantification, rather than immunoblot analysis
of SARS-CoV-2 N protein (Figures 1H, 2E, 3E, and 5B).
3.2 Additional appropriate controls should be provided in some experiments.
a. Figure 1H: mock-infected and untransfected controls are needed because N protein expression in the siControl-transfected
cells appears to be substantially low compared to that in virus-infected (untransfected) cells in Figure 1C. Does siControl inhibit
virus infection?
b. Figure 5B: Additional validation in mock-infected cells is needed.
c. Figures 5D and 5E: The authors need to include a negative control for immunofluorescence, including mock-infected cells, to
guarantee the specificity of the antibody against the N protein.
4 The methodology and data/interpretation for measuring extracellular Ca2+ concentrations are unconvincing.
4.1 Fluo 3-AM, an acetoxymethyl derivative of Fluo 3, is an inactive form as it is and becomes active to measure Ca2+ only after
hydrolysis by intracellular esterase. If one wants to measure extracellular Ca2+ concentration, Fluo 3, but not its AM derivative,
must be used.
4.2 Even if the AM derivative was converted to Fluo 3 by serum constituents in the culture medium, the property of Fluo 3 (Kd =
400 nM) is not suited for measuring extracellular Ca2+, the concentration of which is mM level. Once a decrease in fluorescence



intensity is detected by Fluo 3, the extracellular Ca2+ concentration drops by 1/10,000-fold! Such a robust decrease in Ca2+ in
the medium (which is present in a large quantity) cannot be accounted for by changes in intracellular Ca2+ (marginal of the
amount). Furthermore, such extreme Ca2+ deprivation will result in apparent cytotoxicity (which contradicts the authors' claim).
5 Although PI-7 was identified as an ATP2B1 inhibitor, an underlying, precise molecular mechanism of ATP2B1 inhibition
remains to be elucidated.
5.1 The established function of ATP2B1 is to pump Ca2+ from the cytosol to the outside. Nevertheless, PI-7 treatment
decreased intracellular Ca2+ concentration (Figure 4F).
5.2 Alternatively, this reagent upregulated the expression of ATP2B1 (Figure 5C), which might be more likely to lead to a
decrease in intracellular Ca2+ concentration. In fact, the treatment of PI-7 also affects the expression and phosphorylation levels
of Akt and FOXO3, signaling factors of the pathway that the authors identified as a regulator of ATP2B1 expression during viral
infection. In this case, another(s) target of this reagent should exist other than ATP2B1.
6 The relationship among intracellular calcium levels, ATP2B1 expression, and viral infection needs to be further examined in
detail and appropriately.
6.1 The authors speculated that knockdown of ATP2B1 did not alter intracellular Ca2+ concentration (Figure 2C) due to
complementary upregulation of other Ca2+ pump paralogues. If this is true, a decrease in ATP2B1 levels by SARS-CoV-2
infection may also not change intracellular Ca2+ concentration or virus infection through the complementary expression of such
pumps, which contradicts the promotion of the infection in ATP2B1 knockdown cells (Figure 2E). Hence, additional appropriate
experiments to elucidate the mechanism of this discrepancy are required.
6.2 It is necessary to verify whether SARS-CoV-2 infection indeed increases intracellular Ca2+ concentration. In addition,
intracellular Ca2+ concentration after SARS-CoV-2 infection should be measured in ATP2B1-knockdown or -overexpressing
cells.
6.3 Reduced intracellular Ca2+ concentration by PI-7 was only examined at 100 µM (Figure 4). Thus, it is unclear whether the
Ca2+ concentration in the cells treated with 1 µM PI-7 was indeed reduced in Figures 5 and 6. The intracellular Ca2+ in the cells
treated with 1 µM PI-7 should be analyzed to confirm a decreased intracellular Ca2+ concentration.
General concerns:
1 Texts in the Figures cannot be distinguished due to low image resolution (Figures 1D, 3C, S2A, S3A, and S6A)
2 Please be advised to consult with an expert in statistics. For example, the authors utilized unpaired two-tailed Student's t-tests;
however, this test compares the difference between the means of two data sets, but not the difference among multiple
conditions (Figure 1A, 4E, 4F, and 6B). In addition, the authors should perform statistical tests and provide the p values in the
time course experiments (Figures 2B and 2C).
Minor comments:
1 Page15, line 22: HEK193T might be a typo.
2 "∝" in Figures 4C, 4D, 5D, and 5E should be replaced by "µ"?
3 Figures 5D and 5E: The fluorescence signal derived from the N protein is too faint. In addition, these lack scale bars and the
information on the arrows in the figures.
4 Some references are cited inappropriately.
4.1 Page7, line 8: Neither Zhou's nor Chen's paper describes SARS-CoV-2 infection. Note that they were published in 2019 or
earlier.
4.2 Page 19, lines 13-14: Although the authors cite the paper by Shang et al. to explain the requirement of Ca2+ for the binding
of SARS-CoV-2 to ACE2, the article does not provide such data.

-----------------
Referee #2:

The work describes the role of ATP2B1 and ATP2A1 in SARS-CoV-2 infection. The choice of studying ATP2B1 is mostly due to
a demonstrated reciprocal relationship between its expression and virus replication, which has merit. The work is extensive and
experiments are executed and reported in good detail. However, interpretation of the data may be premature and it is
recommended that many of the assertions of what is being seen be revised. 

The work begins by showing that the ATP2B1 calcium channel is down-regulated upon SARS-CoV-2 infection. The change in
ATP2B1 expression is 5-fold and significant while the control, b-actin remains constant. This is good but it is important to reflect
that positive sense viruses like SARS-CoV-2 express their viral mRNAs through a process of cap snatching. This results in
degradation of many cell mRNAs. Indeed, it is indicated that many calcium channels and other proteins are down-regulated and
likely reflects this process of mRNA destabilization. B-actin may not be the best control in this situation as the protein has a low
turnover. Instead, it would be better to use a house keeping gene with better turnover such as GAPDH. 

The relationship of ATP2B1 expression, calcium levels in cells and infection is then evaluated using calcium sensitive dyes. This
work appears well done with good controls and obtains large differences in outcomes, supporting the hypothesis. 

Next, SNP analysis is used to look at natural differences in ATP2B1 genes in the population. However, the gene sequence is
highly conserved with only one change being present in an intron. The relevance of this change is not explored, so while an
interesting side note, this information is not useful for understanding the role of the protein in infection by SARS-CoV-2 and
should be removed or minimized and put in the discussion. 



ATP2B1 gene regulation is then assessed. FOXO3 is indicated to control ATP2B1 expression. This is shown by over-expression
of FOXO3, which results in more ATP2B1 and A1 expression and appears a strong outcome. 

Next, two small molecules are made. PI-7 and PI-8. These were built based on a known pharmacophore and docking
approaches onto ATP2B1. It is shown that it is not toxic below 200 uM. Of note, all the figures have mu (u in uM) incorrectly
shown as an infinity symbol - please correct. When cells are treated with 100 uM of each, a modest reduction (~20%) in calcium
release into the extracellular fluid or seen intracellularly. This difference increases when low glucose medium is used (30%
change). We are not shown how lower concentrations of each compound affects calcium levels. A control for this experiment
should be BAPTA and BAPTA-AM. This is a widely accepted chelator of calcium and will help to better understand the baseline
of the assays used. A dose curve for PI-7 is important since the next experiments use PI-7 at 100-fold lower dose, at 1 uM. It is
important to tell the reader why this much lower amount is used and to provide a dose response curve for calcium mobilization.
Also, all the measurements are indirect using whole cells and a fluorescent dye readout. A patch clamp of the ATP2B1 protein
would be better to directly measure the impact of PI-7 on calcium flux. 

In the next experiment 1 uM PI-7 is used to show the potential inhibition of ATP2B1 has effects on expression of ATP2B1,
FOXO3 and PI3K activity. ATP2A1 expression is also elevated, presumably to compensate for loss of ATP2B1 function. The
confusing aspect is the authors argue that loss of ATP2B1 function is due to PI-7 inhibition and this somehow results in FOXO3
and PI3K changes. This seems to be the wrong way around as the protein expression would be controlled by the transcription
factors and not the other way. A feedback model would provide a better explanation of this outcome but would need to be
shown. Syncytia formation are also looked at. However, the relevance of this as a measure of virus infectivity is obscure as
syncytia are often the product after infection of a cell and protein expression. A drop in spike protein expression, would result in
less syncytia. The authors need to better describe the relevance of this work. 

Lastly, PI-7 treatment effects on ATP2B1, A1 and production of 3 cytokines after infection. It is interesting that PI-7 at 1 uM is
able to restore cell functionality back to uninfected levels in infected cells. This is an interesting result but because PI-7 is not
well characterized for direct effects on ATP2B1, the mechanism, while suggested, remains uncertain. 

Overall, this interesting body of work is diminished by poor characterization of PI-7 and how it interacts with ATP2B1. Patch
clamp or other biochemical type assay that can measure direct interaction with ATP2B1 should be attempted and allow the
experiments to be more easily interpreted. 

-----------------
Referee #3:

The manuscript by Antonellis et al deals with the Ca2+-dependency of SARS-CoV-2 infection and replication. ATP2B1 is a
known Ca2+ regulator of cellular export and homeostasis and the authors found that a new nontoxic caloxin-derivate (PI-7)
inhibits ATP2B1 which leads to diminished extra- and intracellular Ca2+ levels and the impairment of SARS-CoV-2 replication.
Therefore, it is proposed to use PI-7 as prophylactic therapy as it reduces intracellular Ca2+ levels.
Furthermore, the authors discovered a FOXO3 transcriptional site with a rare intronic variant which is associated with severity of
COVID19. During infection, the PI3K/Akt signalling pathway is activated, FOXO3 inactivated and in turn the transcriptional
control of Ca2+ pumps like SERCA inhibited. 
The manuscript is well written (although I strongly recommend passing it to a native speaker for cross-ckeck). The findings are
novel, and the experiments shown were carried out thoroughly. To my opinion, the findings represent important milestones that
can advance research on SARS-CoV-2.
I do have some minor comments that can improve the quality of the manuscript:
• How frequent is the intronic variant on the FOXO3 transcriptional site within the population? This should be stated in the
manuscript.
• Figure 1 shows gene expression analysis of infected cells compared to non-infected ones. These experiments were carried out
in HEK293T cells. To my knowledge, HEK cells also endogenously express ACE2 - how can the authors be sure that they did
not measure artifacts?
• Ca2+ homeostasis within cells is also dependent on CRAC channels. Did the authors take the possibility into account that
these types of channels also play a role during SARS-CoV-2 infection/replication?
• All Western Blots in the figures are just cut-outs. Whole blots have to be shown in appendix.
• The fluorescent images in figure 5 are quite dark - is there a better resolution achievable? In addition, the arrows in figure 5 are
too big and cover the spots that should be seen.
-----------------

** As a service to authors, EMBO Press provides authors with the ability to transfer a manuscript that one journal cannot offer to
publish to another journal, without the author having to upload the manuscript data again. To transfer your manuscript to
another EMBO Press journal using this service, please click on 
Link Not Available



UNIVE.RSITA DEGLI STUDI DI NAPOLI 

FEDERJCO II 
BIOTECNOLOGIE AVANZATE 

Naples, 08 March 2024:

EMBOR-2022-56072Vl: POINT-BY POINT RESPONSE 

We would like to thank the reviewers and the Editor for the constructive comments. Here 

below, we provide a point-by-point response to the concerns raised. 

Referee #1: 

In this manuscript, Antonellis and colleagues investigated the involvement of the A TP2B 1 

membrane Ca2+ pump in SARS-Co V-2 infection. The authors demonstrated that knockdown of 
ATP2B 1 attenuated SARS-Co V-2 infection (based on the amount of SARS-Co V-2 N protein), and 
SARS-CoV-2 infection downregulated ATP2Bl expression in primary human nasal epithelial cells. 
The authors further developed a new drug that inhibits ATP2Bl function and SARS-CoV-2 
replication in vitro. 
It would be appreciated that the authors explored the role of the membrane Ca2+ pump in virus 
infection; however, this study is too descriptive, molecular mechanisms are essentially still 
ambiguous, and the presented data do not sufficiently support the authors' conclusions. Therefore, it 
is unclear how broadly significant the findings are, and this reviewer deems that the manuscript 
might be more suitable for a specialized journal. 

Major concerns: 

1- It is essential to demonstrate the involvement of ATP2B1 in viral infection in vivo.

Therefore, the authors need to prove the effect of PI-7 treatment on SARS-CoV-2 infection in

animal models.

RI-Al) We agree with the reviewer that it would be very interesting to study the role of ATP2Bl in 
viral infection in vivo in animal models. However, at this time it is outside of the scope of this study. 

Here we have focused our analysis in vitro to better dissect molecular mechanisms through the 
identification of an intronic variant "SNP ", within the ATP2Bl gene locus, with a genetic functional 
correlation being a predisposition locus to support the SARS-Co V-2 infection and identify this as a 
marker for those patients at risk of SARS-Co V2 infection and disease progression. 
Additional experiments as further suggested by other reviewers have been conducted to further 
characterize the Ca2+ role during SARS-Co V-2 infection. Using a known cell-permeant chelator of 
Ca2+(BAPTA-AM). BAPTA-AM treatment has been performed to further validate our studies and 
results are now part in the manuscript (see now "Figure 1 D and "Figure SJ B ''). Results presented 
showed that BAPTA-AM treatment of SARS-CoV-2 infected cells generates an impairment of virus 
replication as measured by Nucleoprotein (NJ expression, see immunoblot staining data in both 
HEK293T-ACE (Figure 1 DJ and in human epithelial primary nasal cells (Figure SIB). 
This thus cor,jirms our assumption that SARS-Co V-2 need Ca2+ to survive and replicate in cell (this 
was already observed by others scientists ( see articles presented by Shang et al., 2020; Serebrovska 
et al., 2020; Sascha Berlansky et al., 2022). In addition, and most importantly, the use ofBAPTA-AM 

Massimo Zollo PI CEINGE Biotecnologie Avanzate s.c.a r.l.: Via G. Salvatore, 486 - 80145 NAPOLI- ITALY 
Tel. + 39 081/3737875 Fax + 39 081 3737711 
e-mail: massimo.zollo@unina.it

8th Mar 2024Appeal















































22nd Mar 20241st Revision - Editorial Decision

Dear Prof. Zollo,

Thank you for the re-submission of your revised manuscript to our editorial offices. I have now received the reports from the two
referees that I asked to re-evaluate your study, you will find below. Original referee #2 has also been invited to re-assess the
study, but remained completely unresponsive to our messages. Nevertheless, going through your point-by-point response, I
consider her/his points as adequately addressed.

As you will see, the other two referees now support the publication of the study in EMBO reports. However, referee #1 has
some remaining concerns and suggestions to improve the manuscript, I ask you to address in a final revised manuscript. Please
also provide a final p-b-p-response to the remaining points of referee #1.

We now request the publication of original source data with the aim of making primary data more accessible and transparent to
the reader. 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.

Moreover, I have these editorial requests:

- Please provide a more comprehensive title with not more than 100 characters including spaces.

- Please shorten the abstract to not more than 175 words.

- Please remove the sections 'In brief' and 'Highlights', and the short title from the manuscript text file.

- 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. Please name this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

- Please reduce the keywords to five and order the manuscript sections like this, only using these names:
Title page - Abstract - Keywords - Introduction - Results - Discussion - Methods - Data availability section - Acknowledgements -
Disclosure and Competing Interests Statement - References - Figure legends - Expanded View Figure legends

- Please move the 'ethics' section to the methods section and add a paragraph titled 'Biosafety' to the methods section gathering
all information on where and how biosafety-relevant experiments with viruses were performed and that these were approved,
and by whom (institution, government).

- Please move the funding information to the acknowledgements section. Moreover, please make sure that all the funding
information is also entered into the online submission system and that it is complete and similar to the one in the
acknowledgement section of the manuscript text file.

- We now use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the author
contribution section. Please use the free text box to provide more detailed descriptions and do NOT provide your final
manuscript text file with an author contributions section. See also our guide to authors:
https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

- Please provide individual production quality figure files as .eps, .tif, .jpg (one file per figure), of main figures and EV figures.
Please upload these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible format, has replaced the
Supplementary information. You can submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1,
Figure EV2 etc. The figure legend for these should be included in the main manuscript document file in a section called
Expanded View Figure Legends after the main Figure Legends section. Additional Supplementary material should be supplied
as a single pdf file labeled Appendix. The Appendix should have page numbers and needs to include a table of content on the
first page (with page numbers) and legends for all content. Please follow the nomenclature Appendix Figure Sx, Appendix Table
Sx etc. throughout the text, and also label the figures and tables according to this nomenclature.

For more details, please refer to our guide to authors:
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation:
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf



See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

- We request that primary datasets produced in this study (e.g. RNA-seq, ChIP-seq, structural and array data) are deposited in
an appropriate public database.

See also: http://embor.embopress.org/authorguide#datadeposition

The accession numbers and database should be listed in a formal "Data Availability" section (placed after Methods) that follows
the model below. This is now mandatory (like the COI statement). Please note that the Data Availability Section is restricted to
new primary data that are part of this study. This section is mandatory. As indicated above, if no primary datasets have been
deposited, please state this in this section

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/identifier/doi] ([URL or identifiers.org/DATABASE:ACCESSION])

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

- 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 PRJNA342805, 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:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

- Regarding data quantification and statistics, please make sure that the number "n" for how many independent experiments
were performed, their nature (biological versus technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to
calculate p-values is indicated in the respective figure legends (main and EV figures). Please also check that all the p-values are
explained in the legend, and that these fit to those shown in the figure. Please provide statistical testing where applicable.
Please avoid the phrase 'independent experiment', but clearly state if these were biological or technical replicates. Please also
indicate (e.g. with n.s.) if testing was performed, but the differences are not significant. In case n=2, please show the data as
separate datapoints without error bars and statistics. See also:
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

If n<5, please show single datapoints for diagrams.

- Please add to each legend (main and EV figures) a 'Data Information' section explaining the statistics used or providing
information regarding replicates and scales.

https://www.embopress.org/page/journal/14693178/authorguide#figureformat

- Please use our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

- Please upload a complete author checklist with your final submission, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in the checklist to indicate where
the requested information can be found in the manuscript. The completed author checklist will also be part of the RPF.

Please also follow our guidelines for any use of living organisms, and the respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms

- Tables S1-S8 are Datasets. Please upload these as dataset files, named Dataset EV1-EV6, and update their callouts
accordingly. Please put a title and the legend on the first TAB of the excel files. Please also change the callouts for these in the
manuscript text file using the nomenclature Dataset EVx.

- There are further 6 files uploaded as 'data sets', but not called out in the text (it seems).
If these datasets are actually source data, please include them into the source data (see above) and to not upload them as
datasets.



- Please add scale bars of similar style and thickness to microscopic images, using clearly visible black or white bars (depending
on the background). Please place these in the lower right corner of the images themselves. Please do not write on or near the
bars in the image but define the size in the respective figure legend.

- We would encourage you to use 'Structured Methods', our new Materials and Methods format. According to this format, the
Materials and Methods section should include a Reagents and Tools Table (listing key reagents, experimental models, software,
and relevant equipment and including their sources and relevant identifiers), uploaded as separate file, followed by a Methods
and Protocols section in which we encourage the authors to describe their methods using a step-by-step protocol format with
bullet points, to facilitate the adoption of the methodologies across labs. More information on how to adhere to this format as well
as downloadable templates (.doc or .xls) for the Reagents and Tools Table can be found in our author guidelines (section
'Structured Methods'):

https://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

In addition, I would need from you:
- a short, two-sentence summary of the manuscript (not more than 35 words).
- two to four short (!) bullet points highlighting the key findings of your study (two lines each).
- a schematic summary figure as separate file that provides a sketch of the major findings (not a data image) in jpeg or tiff format
(with the exact width of 550 pixels and a height of not more than 400 pixels) that can be used as a visual synopsis on our
website.

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me know if you have questions 
regarding the revision.

Yours sincerely,

Achim Breiling
Senior Editor
EMBO Reports

--------------
Referee #1:

The authors performed additional experiments and revised the manuscript according to the reviewers' comments, which 
improved the manuscript significantly. Therefore, this study should be published after several remaining issues are addressed.

1 The authors stated that "studies of the role of ATP2Bl in viral infection in vivo using animal models are outside the scope of this 
study at this time" and did not perform in vivo validation. In that case, the clams of in vivo experiments and drug development 
should be toned down because the authors did not assess the pharmacokinetics of PI-7 or its antiviral activity in vivo.
1.1 Abstract: "PI-7 can be used prophylactically as a therapeutic agent against COVID-19." 
1.2 Highlights: "A new drug and its lack of toxicity "compound PI-7" thus envisioning both preventive and therapeutic applications 
in patients with COVID-19." 
2 The authors claim that they have consulted with statistical experts and carefully reviewed all data analyses; however, issues 
remain to be fixed.
2.1 A "unpaired two-tailed Student's t-test" is still used for multiple comparisons (Figures 1D, 3F, S1B, S4E, and S5G).
2.2 As this Reviewer had previously pointed out, the authors should perform statistical tests and provide p-values in time-course 
experiments (Figures 2B, 4E, 4F, S2C, S2D, S3H, S4C, S4D, and S4G).
2.3 For statistical analysis, at least three independent experiments are required. In the following figures, the number of 
experiments might be two (N=2; Figures 1G, 2A, 2C, 2E, 3K, and 4H).
3 It is suitable to normalize the band intensities of the CoV-2 N protein in the uninfected sample (Mock) to "0," but not "1", as in 
Figures 1D and 1G (Figures 2C and 2H).
4 A mock-infected sample is needed (Figure 2E).
5 Figures 5C and 5D still lack negative control samples, although the authors claimed, "We have added negative control for 
immunofluorescence." Hence, mock-infected samples should be included therein.

--------------
Referee #3:

The authors have carefully addressed all my comments. To my opinion the quality of the manuscript has significantly improved. 
Therefore, I recommend publication in EMBO reports.
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Naples, 27 March 2024:  

EMBOR-2022-56072V2-Q -Decision Letter 

Naples, 9 April 2024:  
POINT-BY POINT RESPONSE 

We would like to thank the reviewers and the Editor for the constructive comments. Here 
below, we provide a point-by-point response to the concerns raised by Review #1. 

Referee #1: 

The authors performed additional experiments and revised the manuscript according to the 
reviewers' comments, which improved the manuscript significantly. Therefore, this study should be 
published after several remaining issues are addressed. 

We thank reviewer for acknowledgement of the improvement of our revised manuscript. 

1 The authors stated that "studies of the role of ATP2Bl in viral infection in vivo using animal 
models are outside the scope of this study at this time" and did not perform in vivo validation. In 
that case, the clams of in vivo experiments and drug development should be toned down because 
the authors did not assess the pharmacokinetics of PI-7 or its antiviral activity in vivo. 

1.1 Abstract: "PI-7 can be used prophylactically as a therapeutic agent against COVID-19."  
1.2 Highlights: "A new drug and its lack of toxicity "compound PI-7" thus envisioning both 
preventive and therapeutic applications in patients with COVID-19." 

A.1-A1.1-A.1.2
We agree with reviewer point. The overstatement was accordingly modified using a “mild 
wording” both in the abstract and in Highlights section. In abstract “As compound PI-7 shows a 
lack of toxicity in vitro, its prophylactic use as a therapy against the COVID19 is envisioned here”. 
The Section Highlights as specifically request by the Editor was accordingly removed. 

2 The authors claim that they have consulted with statistical experts and carefully reviewed all data 
analyses; however, issues remain to be fixed. 
2.1 A "unpaired two-tailed Student's t-test" is still used for multiple comparisons (Figures 1D, 3F, 
S1B, S4E, and S5G). 
A2.1 
We thank reviewer for this note. Through the statistical expert suggestion, the Bonferroni correction 
has been applied to all the multiple T-Test comparison analyses (qPCR analyses, immunoblotting 
densitometry), as presented in Figures 1D (p=0.043 by unpaired two-samples t-test Bonferroni 
corrected), S1B now EV1B (p=0.013278 by unpaired two-samples t-test Bonferroni corrected), and 
S5G now EV5F (p= 0,0004 by unpaired two-samples t-test Bonferroni corrected). Related to the 
Caspase assay data (S4E now EV4E), we have used the Anova test (ordinary one way multiple 

9th Apr 20241st Authors' Response to Reviewers
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comparison) for each compound-treated group (i.e., PI-7 and PI-8, not statistic [NS] vs vehicle). For 
Luciferase assay (Figure 3F), we have applied the Anova test (ordinary one way multiple comparison 
corrected by Sidak's multiple comparisons test) for each FOXO3-transfected group (i.e., Empty 
Vector T/T vs FOXO3-transfected T/T, p<0.0001; Empty Vector C/C vs FOXO3-transfected C/C, 
p=0.0053; FOXO3-transfected T/T vs FOXO3-transfected C/C, p<0.0001). 
Within this approach all the p-values here in the manuscript have been accordingly corrected. 

2.2 As this Reviewer had previously pointed out, the authors should perform statistical tests and 
provide p-values in time-course experiments (Figures 2B, 4E, 4F, S2C, S2D, S3H, S4C, S4D and 
S4G). 

A.2.2
We thank reviewer for this note. The statistical expert suggests (Dr.s  Claudia Angelini and Dr. Simon 
Zollo both acknowledged in the manuscript) to use within the time-course experiments Anova Single 
factor (SPSS vs.29.0.2.0 -20) (using KS shortcut function, two sample test) and a “non parametric” 
KOLMOGOROV-SMIRNOV (or using KS shortcut function, two sample test) and in those not found 
statistically relevant, we use the Fd Anova which analyse the data using a global approach and pair 
wise analyses for selected groups “Functional data analysis of variance” (Gorecki T and Smaga L. 
fdANOVA: an R software package for analysis of variance for univariate and multivariate functional 
data. Computational Statistics (2019) 34:571–597;  https://doi.org/10.1007/s00180-018-0842-7). 

In general about “time-course” experiments we used a pipeline of statistical analyses “One Way 
Anova single test” to measure the “one to one” media ratio and variances. Then we used SPSS 
vs.29.0.2.0 (20) (using KS shortcut function, two sample test) with KOLMOGOROV-
SMIRNOV which is a “non parametric” test to define whether two different empiric distributions 
(ECDF) are statistically relevant. The p values define whether differences between the two 
distributions are sufficiently high between the two ECDF series, thus indicating that are from the 
same distributions. The “null” hypothesis confirm that the two series are derived by the same 
distributions.  If p values P<0.05, the hypothesis is rejected and we conclude that the two series are 
statistically different. If p value P> 0.05, the “null” hypothesis is accepted, indicating that the two 
series are having similar distributions. In this regards we compare the median values of the individual 
set of experiments for each group of results (see colors data and curves as used for pair-wise analyses 
in addendum Statistical data). Within these two statistical tests above described we analyze the 
Figures: 4E,4F, EV 2C, EV 2D, EV 3H.  
In addition, using data presented in Figure EV 4G and Figure 2B, we use the KOLMOGOROV-

SMIRNOV TEST and the Fd Anova “Functional data analysis of variance” implemented in R packages. 

In details: 
In Figure 2B we compare Empty Vector Ca++ (grey column) vs ATP2B1 Ca++ at 10mM concentration 
(green column) showing p = 0.001 by KOLMOGOROV-SMIRNOV test; p = 0.0365 by Fd Anova-
global  CH test;   p= 0,0012 by F-type boot strap test; pair-wise = 0,0074 FN test; p=0,0034 FB test. 

In Figure EV 4G, we compare WT vehicle treated (blue column) and WT- treated with PI#7 (red 
column), showing p = 0.1918 by KOLMOGOROV-SMIRNOV test; p = 0.0071 by Fd Anova-global 
CH test;   p= 0,021 by FP test - permutation test ; and p = 0,0015  by F-type boot strap test. 
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In Figure EV 4C and Figure EV 4D we use to calculate the half maximal inhibitory concentration ( 
IC50 value) the RTCA software vs.1.2.1 (XCELLIGENCE ACEA System application) with a 
statistical formula related to the Sigmoidal dose-response (Variable slope), PI-7 IC50 500 M R2 
0,9; PI-8 IC50 336 M R2 0.9. 

We add these results now in Figure legends (2B, 4E, 4F, EV2C, EV 2D, EV 3H, EV 4C, EV 4D, and 
EV 4G), in the “addendum statistical data”, and in the Statistical section of the manuscript. 

2.3 For statistical analysis, at least three independent experiments are required. In the following 
figures, the number of experiments might be two (N=2; Figures 1G, 2A, 2C, 2E, 3K, and 4H). 

A.2.3
We thank reviewer to raise this comment. All the experiments are now provided with three
independent assays as requested (N=3; Figures 1G, 2A, 2C, 2E, 3K, and 4H).

3. It is suitable to normalize the band intensities of the CoV-2 N protein in the uninfected sample
(Mock) to "0," but not "1", as in Figures 1D and 1G (Figures 2C and 2H). 

A.3. As previously reported the data related to COV-2 N protein in Mock-infected cells (which
results obtained using the same media but with “NO” virus infection) is now presented similarly in 
all Figures (1D; 1G; 2C and 2H). 

4 A mock-infected sample is needed (Figure 2E). 

A.4. To please the reviewer specific request we have add an additional control Mock now presented
in EV 2F .

5 Figures 5C and 5D still lack negative control samples, although the authors claimed, "We have 
added negative control for immunofluorescence." Hence, mock-infected samples should be 
included therein. 

A.5 All the controls as requested by reviewer are now in the Expanded view 5C Figure

-------------- 
Referee #3: 

3. 1 The authors have carefully addressed all my comments. To my opinion the quality of the
manuscript has significantly improved. Therefore, I recommend publication in EMBO reports. 

A.3.1 We would like to thank reviewer #3 for the nice comments related to our manuscript findings.



23rd Apr 20242nd Revision - Editorial Decision

Dear Prof. Zollo,

Thank you for the submission of your further revised manuscript to our editorial offices. I now went through this and your p-b-p-
response and consider the remaining points of referee #1 as adequately addressed. Before proceeding with formal acceptance,
I have these editorial requests I ask you to address in a final revised manuscript:

- There are author name discrepancies. Fathemeh Asadzadeh, Dong-Rac Choi and Hong-Yeoul Kim in the manuscript text file
vs. Fatemeh Asadzadeh, Choi Dong-Rac and Hong-Yeoul Kim in the submission system. Please check.

- Please make sure that the number "n" for how many independent experiments were performed, their nature (biological versus
technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values is indicated in the respective
figure legends (also for potential EV figures and all those in the final Appendix). Please also check that all the p-values are
explained in the legend, and that these fit to those shown in the figure. Please provide statistical testing where applicable.
Please avoid the phrase 'independent experiment', but clearly state if these were biological or technical replicates. Please also
indicate (e.g. with n.s.) if testing was performed, but the differences are not significant. In case n=2, please show the data as
separate datapoints without error bars and statistics. See also:
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

If n<5, please show single datapoints for diagrams. Moreover:
- Please define the annotated p values *** in the legend of figure 5e as appropriate.
- Please indicate the statistical test used for data analysis in the legends of figures 3a, i; EV 1e.
- Please note that in figures 1b, g; 2g; 3e, j-k, 4h-i; EV 5f-g; there is a mismatch between the annotated p values in the figure
legend and the annotated p values in the figure file that should be corrected.
- 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 5c, e; EV 3f; EV 5b.
- Please note that information related to n is missing in the legends of figures 3j; EV 3i.
- Please note that the white arrows are not defined in the legend of figure 5e. This needs to be rectified.

- The figure legends are presently very long. Please try to shorten these and do not provide methods information in the legends
and describe results.

- Please add scale bars of similar style and thickness to all microscopic images, using clearly visible black or white bars
(depending on the background). Please place these in the lower right corner of the images themselves. Please do not write on
or near the bars in the image but define the size in the respective figure legend. Presently, the scale bars hard to see and seem
to have text nearby. Please improve this.

- Please use the name 'Data Availability Section' and remove the subheadings 'Materials availability' and 'Data and code
availability'. Please only provide access information to deposited datasets here (and also remove the sentence 'Any additional
information required to reanalyze the data reported in this paper is available from the lead contact upon request.'). Please
provide specific URLs for the E-MTAB-11973, E-MTAB-13916 and PXD051059 datasets and make sure that data a public latest
upon online publication of the manuscript.

- Please remove the section 'Lead contact' from the manuscript. It is sufficient to indicate the corresponding author on the title
page.

- Please provide one ethics statement as part of the methods section. Presently, there are two, partly overlapping statements
('ETHICAL COMMITTEE APPROVAL' and 'Ethics').

- Please provide an Appendix file as pdf, containing all the 8 Appendix tables. The Appendix should have page numbers and
needs to include a table of content on the first page (with page numbers) and legends for all content. Please follow the
nomenclature Appendix Table Sx etc. throughout the text, and also label the tables according to this nomenclature.

- I would also suggest to provide the primer sequence information as a table in the Appendix. Then, please remove these from
the Methods section and add appropriate callouts.

- Please make sure that all figure panels are called out separately and sequentially. Presently, there seem to be no callouts for
Figure 2G and Appendix Table S8. Please check.

- Please change the titles of the EV figure in their legends to "Figure EVx" (not "Expanded View x").

- Please use our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat



- Please make sure that all the funding information is also entered into the online submission system and that it is complete and
similar to the one in the acknowledgement section of the manuscript text file. Presently, grants from the European School of
Molecular Medicine for a doctorate program Fellowship (F.A.) and the Molecular Medicine Doctorate Program Fellowship are
missing from the submission system.

- Thanks for providing the source data. Please upload the source data for the main figures as one folder per figure. The SD for
the EV figures can stay grouped together in one folder.

In addition, I would need from you:
- a short, two-sentence summary of the manuscript (not more than 35 words).
- two to four short (!) bullet points highlighting the key findings of your study (two lines each).

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me know if you have questions 
regarding the revision. 

Achim Breiling
Senior Editor
EMBO Reports



2nd May 20242nd Authors' Response 

All editorial and formatting issues were resolved by the authors.



7th May 20244th Revision - Editorial Decision

Prof. Massimo Zollo
University of Naples Federico II
Molecular Medicine and Medical Biotechnology DMMBM
Via Pansini 5
Naples, Italy 80131
Italy

Dear Prof. Zollo,

I am very pleased to accept your manuscript for publication in the next available issue of EMBO reports. Thank you for your
contribution to our journal.

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/14693178/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
Reports. 

Yours sincerely, 

Achim Breiling
Senior Editor
EMBO Reports

------------------------------------------------ 

>>> Please note that it is EMBO Reports 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

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

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:

➡

➡
➡
➡
➡

2. Captions

➡
➡
➡
➡
➡
➡

➡
➡ definitions of statistical methods and measures:

- 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. 

Materials

Newly Created Materials Information included in 
the manuscript?

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

New materials and reagents need to be available; do any restrictions 
apply? Not Applicable

Antibodies Information included in 
the manuscript?

In which section is the information available?
(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

Yes Materials and Methods

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 Materials and Methods

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 
RRID.

Yes Materials and Methods

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

Report if the cell lines were recently authenticated (e.g., by STR profiling) 
and tested for mycoplasma contamination. Yes Materials and Methods

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)

Laboratory animals or Model organisms: Provide species, strain, sex, 
age, genetic modification status. Provide accession number in repository 
OR supplier name, catalog number, clone number, OR RRID.

Not Applicable

Animal observed in or captured from the field: Provide species, sex, 
and age where possible. Not Applicable

Please detail housing and husbandry conditions. Not Applicable

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).

Not Applicable

Microbes: provide species and strain, unique accession number if 
available, and source. Not Applicable

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. Not Applicable

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? Yes Materials and Methods

Design

- common tests, such as t-test (please specify whether paired vs. unpaired), simple χ2 tests, Wilcoxon and Mann-Whitney tests, can be 
unambiguously identified by name only, but more complex techniques should be described in the methods section;

Please complete ALL of the questions below.
Select "Not Applicable" only when the requested information is not relevant for your study.

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 

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.

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 

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.
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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 

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 and unbiased manner.
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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 
DOI.

Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 
equivalent), where applicable. Not 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. Not Applicable

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. Not Applicable

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?

Not Applicable

Include a statement about blinding even if no blinding was done. Not Applicable

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.

Not Applicable

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?

Yes Materials and Methods

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 Material 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 Material and Methods

Studies involving human participants: For publication of patient photos, 
include a statement confirming that consent to publish was obtained. Not Applicable

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.

Not Applicable

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

Yes Material and Methods

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 

Not Applicable

If you used a select agent, is the security level of the lab appropriate and 
reported in the manuscript? Not Applicable

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?

Not Applicable

Reporting

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.

Not Applicable

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.

Not Applicable

For phase II and III 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.

Not Applicable

Data Availability
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 Section

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?

Not Applicable

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?

Not Applicable

If publicly available data were reused, provide the respective data citations 
in the reference list. Yes Material and Methods

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.
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