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13th Sep 20241st Editorial Decision

Dear Dr. Di Stefano 

Thank you for the submission of your manuscript to EMBO reports. I have now received the reports from the three referees that
were asked to evaluate your study, which can be found at the end of this email. 

As you will see, the referees find the study interesting. However, they have several comments, concerns, and suggestions that
need to be addressed to allow publication of the study in EMBO reports. As the reports are below, and all the concerns need to
be addressed, I will not detail them further here. 

Acceptance of your manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to
allow a single round of revision only and acceptance of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript. 

Revised manuscripts should be submitted within three months of a request for revision. Please contact me to discuss the
revision (also by video chat) if you have questions or comments regarding the revision, or should you need additional time. 

When submitting your revised manuscript, please also carefully review the instructions that follow below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality control prior to exposition to re-
review. Upon failure in the initial quality control, the manuscripts are sent back to the authors, which may lead to delays.
Frequent reasons for such a failure are the lack of the data availability section (please see below) and the presence of statistics
based on n=2 (the authors are then asked to present scatter plots or provide more data points). 

When submitting your revised manuscript, we will require: 

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV figures and tables), but without
the figures included. Figure legends should be compiled at the end of the manuscript text.

2) 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 

3) 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.

4) a complete author checklist, 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 the use of living organisms, and the respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

5) that primary datasets produced in this study (e.g. RNA-seq, ChIP-seq, structural and array data) are deposited in an
appropriate public database. If no primary datasets have been deposited, please also state this in a dedicated section (e.g. 'No
primary datasets have been generated and deposited'), see below.



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

Please remember to provide a reviewer password if the datasets are not yet public. 

The accession numbers and database should be listed in a formal "Data Availability" section (placed after Materials & 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. *** 

Moreover, I have these editorial requests: 

6) 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. 

7) 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 

8) 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 (also for EV figures and all those in an 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. 

9) 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. 

10) Please also note our reference format: 
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat 

11) 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. 

12) 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 

13) All Materials and Methods need to be described in the main text using our 'Structured Methods' format, which is required for
all research articles. 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) 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 

14) Please add up to 5 keywords to the manuscript and order the manuscript sections like this, using these names:
Title page - Abstract - Keywords - Introduction - Results & Discussion - Methods - Data availability section - Acknowledgements 
(including funding information) - Disclosure and Competing Interests Statement - References - Figure legends - Expanded View 
Figure legends

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics Illustrator in designing a 
cover. 

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a Review Process File (RPF) 
to accompany accepted manuscripts. This File will be published in conjunction with your paper and will include the referee 
reports, your point-by-point response and all pertinent correspondence relating to the manuscript. 

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you do opt out, the Review 
Process File link will point to the following statement: "No Review Process File is available with this article, as the authors have 
chosen not to make the review process public in this case." 

I look forward to seeing a revised form of your manuscript when it is ready. 

Yours sincerely, 

Achim Breiling 
Senior Editor 
EMBO Reports 

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

In this manuscript, the authors developed a transposon-based dual reporter system to track the dynamics of pluripotent states. 
With this reporter system, a rare, metastable cell population in primed hESCs, which expresses low levels of genes associated 
with early pre-implantation embryo development and triggered by DNA damage, was identified. In addition, the authors validated 
the role of FUS and NSD1 in the primed-to-naïve conversion in the reporter hESCs. The development of a reporter system for 
various pluripotent states is of interest for the field of stem cell research. Yet, the discoveries based on the reporter system lack 
novelty or biological significance. 

Major concerns: 

1. What kind of cells are MER51B-GFP+ and LTR5_Hs-RFP+ in different experimental setting? The double positive cell
populations seem to be different in 4CL-induced hPSCs and primed hPSCs. It argues against the conclusion that the reporter
system faithfully and reproducibly track the dynamics of hPSC cell state transitions.
2. Many experiments have been performed to validate that MER51B-GFP is a good reporter for primed pluripotency. Yet,
whether LTR5_Hs-RFP could allow us to track the transition from naïve pluripotency, was not sufficiently demonstrated. Similar
experiments should be performed with naïve hESCs.
3. What is the biological function of GFP+/RFP+ population in primed hPSCs?
4. The evidence for that DNA damage leads to the GFP+/RFP+ population in primed hPSCs is weak. What percentage of cells
are associated with DNA damage upon cisplatin and hydroxyurea treatment? Why do only around 2% or 8% of cells become
GFP+/RFP+, when treated with cisplatin or hydroxyurea?
5. "The LTR5_Hs and MER51B reporter systems facilitate discovery of novel key regulators of cell potency", and "MER51B and
LTR5_Hs activity uncover new regulators of stem cell potency". These sentences are overstated. The authors only utilized the
reporter system to validate pluripotency regulators identified in other studies.

Minor concerns: 
1. Line 149, "human hPSCs" is redundant. Please specify naïve or primed hPSCs.
2. Some experimental procedures were not clearly described, such as Fig. 4A.

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



Referee #2:

The manuscript by the Di Stefano lab describes a new reporter system to monitor pluripotency transitions. 

The manuscript is very well written and easy to read, the figures are very clear. 

More importantly, the number of independent assays used to test the reporter system is really remarkable and show conclusively
that it is a good system. 

I have only some two minor points to should be addressed: 

1. in the primed to naive conversion (Figure 2A and EV2A) the authors showed that their reporter system displayed dynamics
similar to the CD90/CD75 system.
I think it would be informative to show what is the fraction of GFP-positive cells that are also positive for CD90, and the fraction
of RFP-positive cells that are also CD75 positive.

2. Results in figure 4, about resetting to naive pluripotency suggest that the reporter system can be used to find functional
regulators of pluripotency transition. However, it would be more convincing to show that the RFP+ cells, obtained for example
with sgFUS, can be sorted by FACS and expanded for multiple passages under naive conditions. Such experiment would
indicate the correct and stable acquisition of naive identity.

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

The paper entitled 'Transposable element activity captures human pluripotent states' identified naïve and primed specific TE
activity, which represents the two different pluripotent state. Authors assessed their reporter system in reprogramming back to
naïve as well as differentiating further down to the somatic lineage. They also characterised rare population exists in the prime
culture. TE activity based reporter system to distinguish human naïve and primed pluripotency can be a useful system to the
stem cell community. The manuscript is well written and the data presented here is mostly convincing enough to support
authors' claim. Therefore, I only have minor questions and comments to improve this manuscript. 

1. How authors narrow down to identify LTR5_Hs as naïve specific and MER51B as primed specific TEs? Fig. EV1A shows
more candidates TEs, it is unclear and curious to know why these two TEs were chosen for further analyses.
2. Fig.1 F and EV1F. Did authors sort GFP+ or RFP+ population to perform RNA-seq analysis? This was not clear from main
text or method section.
3. This reviewer is interested in seeing the kinetics of CD90 expression pattern with MER51B-GFP, as well as CD75 emergence
with LTR5_Hs_RFP in Fig EV2A.
4. How are these TEs expressed in human embryos? It is very useful if authors provide a figure showing TE activities during
early development.
5. Fig. 2C-D. 4CL conversion induced double positive, RFP single and GFP single positive and double negative fractions. Are
double negative cells under 4CL pluripotent? Why authors excluded the RFP single and double negative from the analysis?
6. The cell type labelling of Fig 2J is misplaced.
7. Fig. 3D ATAC-seq analysis. Can authors really distinguish the transgene derived fragments from endogenous TE elements?
Some amounts could be topped up from the transgene.
8. Fig. 3F should include 4CL subpopulations used in Fig.2. Or at least some analysis needed to show that double positive
populations in primed and 4CL conditions are different in the supplementary figure.
9. Fig. 3I, K. It is unclear the 8C cells or 8CLCs are the same samples and these are 4CL samples generated in this study or the
data published in Mazid et al 2022.
10. Fig. 4D. ZFP42 is not a good marker for the naïve state. KLF4 or -17 is more appropriate here.
11. In the naïve state, there seems to be another rare population of double positive exits. Are they also up-regulate DNA
damage, ZGA and 8-cell genes?
12. Most of the figures are well prepared and presented but some figure legends have minimum explanations and there is not
more information than shown in the figure itself (see comments 2 and 8 above, and for example, in qPCR data, no information is
provided what they used for normalisation). Please check through again and add more information where necessary to
understand each figure.
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Response to reviewers' comments on EMBO Reports submission EMBOR-2024-60136V1. 
"Transposable element activity captures human pluripotent cell states." 
We thank the editor and reviewers for their valuable comments, which allowed us to substantially 
improve our manuscript. To reinforce our original conclusions and broaden the scope of our study, 
we have incorporated extensive new data. The main points are summarized below: 

1. Characterization of transcriptional identity of cells cultured under 4CL conditions:
We have conducted comprehensive transcriptional characterization of distinct cell
populations identified by our dual reporter system under 4CL culture conditions. Our
analysis reveals that LTR5_Hs-RFP+ cells express the highest levels of naïve pluripotency
markers, while MER51B-GFP+ cells predominantly express primed state markers. These
findings validate our dual reporter system as an effective tool for distinguishing naïve and
primed pluripotent states in heterogeneous cultures. Furthermore, we demonstrate that
GFP+/RFP+ double-positive cells in 4CL-medium express pre-implantation transcripts at
levels comparable to TPRX1+ 8C-like cells. See pages 5 and 7, and Figures 2E, 3G, and
EV2D, E.

2. Extended characterization of transposon activity in pre-implantation embryos: To 
validate our observation that LTR5_Hs and MER51B exhibit mutually exclusive activity in
pre-implantation embryonic cells, we analyzed published scRNA-seq and scATAC-seq
datasets from human embryos across various pre-implantation developmental stages.
Our analyses demonstrate that LTR5_Hs elements show both expression and accessibility
during morula and early blastocyst stages, aligning with their high expression in naïve and
8C-like cells in vitro. Conversely, MER51B elements remain transcriptionally silent and
lowly accessible during these stages, corroborating our in vitro findings that their activation
corresponds to the transition toward primed pluripotency, specifically in cells that resemble
the post-implantation epiblast. Please see page 4 and Figures EV1E, F.

3. Evidence that DNA damage triggers a metastable cell population marked by
LTR5_Hs and MER51B activity in primed conditions: To strengthen the connection 
between DNA damage and activation of our dual reporter system, we expanded our
analysis using multiple DNA-damaging agents, examining the relationship between
GFP+/RFP+ cell induction in primed cells and g-H2AX activation, a canonical DNA damage
marker. Our results show that, upon treatment with cisplatin and hydroxyurea, the
emergence of GFP+/RFP+ cells is closely correlated with that of g-H2AX-positive cells,
reinforcing the connection between double-positive populations and the DNA damage
response in primed cells. See pages 7-8 and Figures 3N-Q and EV3I, J.

4. Extension of key observation during re-priming experiments: To further demonstrate 
that our reporter system reliably tracks the dynamic transitions between naïve and primed
pluripotent states, we monitored MER51B and LTR5_Hs activity during the conversion of
naïve hPSCs to primed states using established re-priming protocols. Our results reveal
that induction of primed pluripotency leads to rapid suppression of LTR5_Hs expression
concurrent with MER51B activation, resulting in an RFP−/GFP+ primed cell population
within two weeks. These data highlight the robustness of our reporter system in tracking

1st Nov 20241st Authors' Response to Reviewers
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the transitions between pluripotent states. These findings are detailed on page 5 and in 
Figures 2F and EV2F. 

Reviewer#1:  
Remarks to the Author: 
In this manuscript, the authors developed a transposon-based dual reporter system to track the 
dynamics of pluripotent states. With this reporter system, a rare, metastable cell population in 
primed hESCs, which expresses low levels of genes associated with early pre-implantation 
embryo development and triggered by DNA damage, was identified. In addition, the authors 
validated the role of FUS and NSD1 in the primed-to-naïve conversion in the reporter hESCs. The 
development of a reporter system for various pluripotent states is of interest for the field of stem 
cell research. Yet, the discoveries based on the reporter system lack novelty or biological 
significance.  

Response: We thank the reviewer for recognizing the utility of our reporter system for the stem 
cell field. We would like to emphasize key, novel findings reported in our study, as detailed in the 
responses below. Our work is the first to characterize the transposable elements MER51B and 
LTR5_Hs as sensitive, accurate indicators of primed and naïve human pluripotent stem cell states. 
Of note, MER51B activity surpasses the accuracy of currently available reporter systems that are 
based on the expression of pluripotency factors such as NANOG and OCT4, which are expressed 
in both naïve and primed pluripotent cells. Moreover, using this system, we identified a rare, 
metastable cell population within primed cells that expresses genes associated with totipotency 
and DNA damage. This finding has relevance for understanding how DNA damage and the activity 
of transposable elements are related within a homogeneous cell population. Most notably, our 
data strongly caution against using p53 activators or DNA damage-inducing agents in cell culture 
media to induce or culture 8C-like cells, as these may lead to superficial transcriptional activation 
of ZGA genes without the concomitant acquisition of 8C-like cell potency. We believe that these 
points are relevant to the field and will be of widespread interest. 

1. What kind of cells are MER51B-GFP+ and LTR5_Hs-RFP+ in different experimental setting?
The double positive cell populations seem to be different in 4CL-induced hPSCs and primed
hPSCs. It argues against the conclusion that the reporter system faithfully and reproducibly track
the dynamics of hPSC cell state transitions.

Response: We thank the reviewer for this important observation, which has led us to perform 
additional analyses that further validate our reporter system's reliability. We have now conducted 
detailed comparisons of GFP and RFP expression intensities in double-positive cells under both 
primed and 4CL conditions. Our flow cytometry analyses demonstrate distinct reporter expression 
patterns that correlate with cellular identity: cells in 4CL conditions exhibit significantly higher 
LTR5_Hs-RFP and lower MER51B-GFP expression compared to those in primed conditions (Fig. 
EV3E). Importantly, these differences in reporter intensity align with functional cellular states. 
Double-positive cells cultured in 4CL conditions express 8C genes at levels comparable to bona 
fide 8C-like cells, while those in primed conditions do not (Figs. 3J and EV2D). Critically, unlike 
double-positive cells in primed conditions, GFP+RFP+ cells in 4CL show no elevation in DNA 
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damage markers (Fig EV3H). Rather than contradicting our system's reliability, these findings 
demonstrate that our dual reporter can capture both qualitative and quantitative aspects of 
pluripotent cell state transitions. The system not only identifies distinct cell populations but also 
provides insights into their developmental trajectory through the relative intensities of reporter 
expression. 

2. Many experiments have been performed to validate that MER51B-GFP is a good reporter for
primed pluripotency. Yet, whether LTR5_Hs-RFP could allow us to track the transition from naïve
pluripotency, was not sufficiently demonstrated. Similar experiments should be performed with
naïve hESCs.

Response: We agree that our original submission would benefit from a more thorough 
characterization of the dynamics of LTR5_Hs and MER51B during the transition from naïve to 
primed pluripotency. To address this important point, we have added additional experiments and 
analyses to expand the scope and depth of our study. Specifically, we now demonstrate that the 
induction of primed pluripotency from naïve cells using established protocols (Rostovskaya et al., 
Development 2019) leads to the rapid extinction of LTR5_Hs expression and the activation of the 
MER51B reporter, with cells becoming predominantly RFP−/GFP+ within two weeks. We further 
demonstrate that reversion of reprimed cells to naïve pluripotency is, conversely, accompanied 
by reactivation of LTR5_Hs and loss of MER51B, highlighting the reliability of our reporter system 
in tracking transitions between pluripotent states. The new data are presented in Fig. 2F and 
EV2F. 

3. What is the biological function of GFP+/RFP+ population in primed hPSCs?

Response: We thank the reviewer for this important question about the biological significance of 
the GFP+/RFP+ population in primed hPSCs. Our data reveal that this rare, metastable population 
represents a distinct cellular state that emerges in response to DNA damage, similar to recently 
described populations in cancer cells (Smith et al., Cell Reports 2023). While these cells express 
pre-implantation and ZGA-associated genes, their overall transcriptional and chromatin profiles 
remain largely similar to conventional primed cells, indicating they are not genuine totipotent-like 
cells. This finding has immediate practical implications, as it challenges previous reports 
suggesting DNA damage inducers can generate bona fide 8C-like cells (Yu, et al., Cell Reports, 
2022). More broadly, these cells provide a valuable experimental system for investigating the 
mechanistic links between DNA damage, transcriptional regulation, and transposable element 
activity. Our observations suggest the existence of regulatory mechanisms that prevent cells 
experiencing DNA damage from fully activating ZGA genes to levels required for stable 8C-like 
cell conversion. This insight positions our reporter system as a powerful tool for identifying 
transcriptional and post-transcriptional barriers to totipotency. Future investigations will address 
whether these DNA-damaged cells are ultimately eliminated from cultures and explore whether 
transposable element activation serves as an adaptive DNA damage response signal or 
represents a maladaptive consequence in both stem cells and cancer. We have revised the 
manuscript to better contextualize these interpretations and their significance. 
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4. The evidence for that DNA damage leads to the GFP+/RFP+ population in primed hPSCs is
weak. What percentage of cells are associated with DNA damage upon cisplatin and hydroxyurea
treatment? Why do only around 2% or 8% of cells become GFP+/RFP+, when treated with
cisplatin or hydroxyurea?

Response: To address this point, we have optimized the treatment protocols for cisplatin and 
hydroxyurea, with details reported in the updated methods section. Given the sensitivity of hPSCs 
to these cytotoxic agents, we treat the cells for only a few hours, followed by washout and culture 
in stem cell medium. While this results in low percentages of cells exhibiting DNA damage, it also 
minimizes confounding effects related to cell death and the presence of apoptotic cells in the 
culture. Moreover, we have broadened our characterization of cisplatin and hydroxyurea 
treatment by assessing the induction of GFP+/RFP+ cells alongside the concomitant activation of 
g-H2AX as a marker for DNA damage. As illustrated in Fig. 3P, our findings consistently reveal
that the percentage of GFP+/RFP+ cells that emerge upon treatment with either cisplatin (~6%) or
hydroxyurea (~8%) closely correlates with the appearance of g-H2AX-positive cells (~6 and ~9%,
respectively). This further strengthens the connection between the double-positive cell
populations and the DNA damage response.

5. "The LTR5_Hs and MER51B reporter systems facilitate discovery of novel key regulators of
cell potency", and "MER51B and LTR5_Hs activity uncover new regulators of stem cell potency".
These sentences are overstated. The authors only utilized the reporter system to validate
pluripotency regulators identified in other studies.

Response: As noted by the reviewer, we analyzed previous loss-of-function screens conducted in 
human PSCs to identify regulators that may control cell potency. It is important to emphasize that 
the vast majority of reported hits—including those analyzed in our manuscript—were unvalidated 
and unexplored in the original studies. Nonetheless, we also acknowledge that future studies will 
be necessary to investigate the mechanisms underlying the roles of FUS and NSD1 in pluripotent 
stem cells. We have thus de-emphasized the text to reflect the reviewer's comments and 
rephrased it to ensure greater accuracy and avoid overstatement. 

Minor concerns: 
1. Line 149, "human hPSCs" is redundant. Please specify naïve or primed hPSCs.
2. Some experimental procedures were not clearly described, such as Fig. 4A.

Response: We apologize for the lack of clarity and have updated the text and methods 
accordingly. 

Reviewer#2:  
Remarks to the Author: 
The manuscript by the Di Stefano lab describes a new reporter system to monitor pluripotency 
transitions. The manuscript is very well written and easy to read, the figures are very clear. More 
importantly, the number of independent assays used to test the reporter system is really 
remarkable and show conclusively that it is a good system.  
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Response: We would like to thank the reviewer for their interest in our study and for the positive 
feedback regarding our manuscript.  

Minor points: 
1. in the primed to naive conversion (Figure 2A and EV2A) the authors showed that their reporter
system displayed dynamics similar to the CD90/CD75 system. I think it would be informative to
show what is the fraction of GFP-positive cells that are also positive for CD90, and the fraction of
RFP-positive cells that are also CD75 positive.

Response: To address this point, we have included additional experimental data and revised our 
figures and text. Specifically, we examined the kinetics of GFP and RFP expression in conjunction 
with the expression patterns of THY-1 (CD90) and CD75. Our results indicate that MER51B and 
LTR5_Hs serve as reliable indicators of THY-1 and CD75 expression, and that their dynamic 
activity during the transition from primed to naïve reprogramming mirrors the patterns observed 
for THY-1 and CD75. We have modified the figures to highlight the fraction of GFP+ cells that are 
also positive for CD90 and the fraction of RFP+ cells that are also CD75 positive (Fig. 2B and 
EV2B). 

2. Results in figure 4, about resetting to naive pluripotency suggest that the reporter system can
be used to find functional regulators of pluripotency transition. However, it would be more
convincing to show that the RFP+ cells, obtained for example with sgFUS, can be sorted by FACS
and expanded for multiple passages under naive conditions. Such experiment would indicate the
correct and stable acquisition of naive identity.

Response: This is an excellent point. We have now included data showing that we can efficiently 
establish naïve cell cultures following the expression of sgFUS and sgNSD1. Our results show 
that, for several passages, sgFUS and sgNSD1 naïve cells maintain LTR5_Hs expression and 
exhibit dome-shaped colony morphology, indicating stable acquisition of naïve identity (Fig. 
EV4B). 

Reviewer#3:  
Remarks to the Author: 
The paper entitled 'Transposable element activity captures human pluripotent states' identified 
naïve and primed specific TE activity, which represents the two different pluripotent state. Authors 
assessed their reporter system in reprogramming back to naïve as well as differentiating further 
down to the somatic lineage. They also characterized rare population exists in the prime culture. 
TE activity-based reporter system to distinguish human naïve and primed pluripotency can be a 
useful system to the stem cell community. The manuscript is well written, and the data presented 
here is mostly convincing enough to support authors' claim.  

Response: We thank the reviewer for their enthusiasm and interest in our study. 

Minor points: 
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1. How authors narrow down to identify LTR5_Hs as naïve specific and MER51B as primed
specific TEs? Fig. EV1A shows more candidates TEs, it is unclear and curious to know why these
two TEs were chosen for further analyses.

Response: We apologize for not clearly conveying the selection of LTR5_Hs and MER51B. Our 
transcriptomic data show that these two transposable elements are the most differentially 
expressed between primed and naïve hPSCs. Their distinct expression patterns make them 
robust markers for distinguishing between these pluripotent states. We have also revised the 
figures, and included a new bioinformatic analysis on Fig. 1A, to more clearly highlight this point. 

2. Fig.1 F and EV1F. Did authors sort GFP+ or RFP+ population to perform RNA-seq analysis?
This was not clear from main text or method section.

Response: We apologize for the lack of clarity regarding the RNA-seq analysis. We have now 
explicitly clarified in both the figure legend and the main text that the data presented were derived 
from GFP+ and RFP+ sorted cell populations. This information has also been added to the 
methods section for completeness. 

3. This reviewer is interested in seeing the kinetics of CD90 expression pattern with MER51B-
GFP, as well as CD75 emergence with LTR5_Hs_RFP in Fig EV2A.

Response: To address this point, we have conducted additional experiments and revised our 
figures and text (Fig. 2B). Specifically, we assessed the kinetics of GFP and RFP expression 
alongside THY-1 (CD90) and CD75 expression patterns. Our results show that MER51B and 
LTR5_Hs activity during the transition from primed to naïve reprogramming mirrors the expression 
patterns of THY-1 and CD75. 

4. How are these TEs expressed in human embryos? It is very useful if authors provide a figure
showing TE activities during early development.

Response: Thank you for raising this important point. To address it, we analyzed scRNA-seq and 
scATAC-seq data from pre-implantation human embryos (Xue et al., Nature, 2013 and Liu et al., 
Nat. Comm., 2019). Our analysis shows that LTR5_Hs transcripts are detectable during the 
morula and early blastocyst stages, consistent with their high expression in naïve pluripotent stem 
cells and 4CL-cultured cells in vitro. Additionally, we observed increased chromatin accessibility 
at LTR5_Hs genomic regions during the morula-to-early-blastocyst transition. In contrast, 
MER51B elements are lowly expressed and accessible during pre-implantation development, 
which supports our in vitro findings that their expression is activated during the transition from 
naïve to primed pluripotency, specifically in primed cells resembling post-implantation epiblast 
cells. Unfortunately, robust datasets covering post-implantation human embryo development are 
still lacking. The few available datasets from cultured embryos or embryo-like structures lack 
sufficient sequencing coverage to reliably analyze transposable elements with current tools. We 
have included these analyses in Fig. EV1E, F. 
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5. Fig. 2C-D. 4CL conversion induced double positive, RFP single and GFP single positive and
double negative fractions. Are double negative cells under 4CL pluripotent? Why authors
excluded the RFP single and double negative from the analysis?

Response: We intentionally excluded the RFP single-positive and double-negative cells from the 
original RNA-seq analysis because our primary focus was the comparison between double-
positive populations across culture conditions. However, to address the reviewer's question, we 
have now isolated RFP+, GFP+, double-negative (RFP-/GFP-), and double-positive (RFP+/GFP+) 
cells and analyzed the expression of transcripts related to totipotency, primed and naïve 
pluripotency using qRT-PCR. Our analysis shows that RFP+ cells express the highest levels of 
naïve pluripotency genes, while GFP+ cells express primed markers, reinforcing our conclusion 
that MER51B and LTR5_HS activity effectively mark the naïve and primed pluripotent states in 
mixed cultures. Interestingly, the double-negative population shows elevated naïve pluripotency 
marker expression compared to primed cells, suggesting these cells may represent an 
intermediate state transitioning toward naïve pluripotency. Finally, as expected from our original 
RNA-seq analysis, the double-positive (RFP+/GFP+) population expresses the highest levels of 
8C-related genes transcripts among the cell populations tested. These new data are now 
presented in Fig. EV2E. 

6. The cell type labelling of Fig 2J is misplaced.

Response: We thank the reviewer for bringing this to our attention and have made the relevant 
correction. 

7. Fig. 3D ATAC-seq analysis. Can authors really distinguish the transgene derived fragments
from endogenous TE elements? Some amounts could be topped up from the transgene.

Response: This is an excellent point. To address the concern about whether the ATAC-seq 
analysis was influenced by the presence of the transgenes, we reanalyzed the data, filtering out 
sequencing reads derived from the piggyBac constructs. Our new results, now presented in Fig. 
3E, confirm our original findings. Specifically, primed cells marked by the concomitant expression 
of LTR5_Hs and MER51B still show increased accessibility at both the LTR5_Hs and MER51B 
genomic regions. Therefore, the presence of the transgene does not affect the overall 
conclusions. 

8. Fig. 3F should include 4CL subpopulations used in Fig.2. Or at least some analysis needed to
show that double positive populations in primed and 4CL conditions are different in the
supplementary figure.

Response: We apologize for the oversight and have corrected the labeling in the relevant panels. 
In addition, our PCA analysis, now presented in Fig. 3G, demonstrates that the double-positive 
cells from primed and 4CL cultures are significantly different at the transcriptional level. 
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9. Fig. 3I, K. It is unclear the 8C cells or 8CLCs are the same samples and these are 4CL samples
generated in this study or the data published in Mazid et al 2022.

Response: In Fig.3J, we compared the gene expression data of our GFP+ and GFP+/RFP+ primed 
cells with published 8C-like cells, using gene signatures from both primed and naïve states 
(Messmer et al., Cell Reports 2019), as well as ZGA-related transcripts (Taubenschmid-Stowers 
et al., Cell Stem Cell 2022). The 8C-like cell data shown in Fig. 3L were generated in our lab 
using the TPRX1-GFP reporter, as described in Mazid et al., Nature, 2022. We have updated the 
text and methods section to clarify this distinction. 

10. Fig. 4D. ZFP42 is not a good marker for the naïve state. KLF4 or -17 is more appropriate
here.

Response: We appreciate the suggestion and have now included qRT-PCR data for KLF17 in the 
sgFUS and sgNSD1 samples (Fig. 4D). Our results demonstrate that the knockout of these 
factors accelerates the conversion of primed cells to a naïve pluripotency state. 

11. In the naïve state, there seems to be another rare population of double positive exits. Are they
also up-regulate DNA damage, ZGA and 8-cell genes?

Response: Thank you for raising this point. We have conducted an extensive analysis of our 
reporter system in cells cultured under naïve conditions. Our data reveal the presence of an 
extremely rare population of low-intensity GFP+RFP+ cells (<0.05%). To further investigate, we 
sorted these cells and performed qRT-PCR analysis. Our results show that double-positive cells 
from 5iLAF-cultured naïve conditions do not activate ZGA or DNA damage-related genes (please 
see the figure below (Fig. R1). Since this population is rare and inconsistent across biological 
replicates, we have opted not to include these data in the main text. 

12. Most of the figures are well prepared and presented but some figure legends have minimum
explanations and there is not more information than shown in the figure itself (see comments 2
and 8 above, and for example, in qPCR data, no information is provided what they used for

Figure R1. qRT-PCR for the indicated genes in sorted 5i/LAF naïve 
MER51B-GFP+LTR5_Hs-RFP+ versus bulk UCLA4 naive cells (n=3, mean ± 
s.d., unpaired two-tailed Student’s t-test).
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normalisation). Please check through again and add more information where necessary to 
understand each figure. 

Response: We thank the reviewer for bringing this to our attention and have made the corrections 
in the text. 



19th Nov 20241st Revision - Editorial Decision

Dear Dr. Di Stefano,

Thank you for the submission of your revised manuscript to our editorial offices. I have now received the reports from the
referees that I asked to re-evaluate the study, you will find below. As you will see, all three referees now support publication of
the study in EMBO reports. Referee #3 has a final comment I ask you to address in a final revised manuscript.

Moreover, I have these further editorial requests:

- Please reduce the number of keywords to 5 and order the manuscript sections using (only) these names:
Abstract - Keywords - Introduction - Results & Discussion - Methods - Data availability section - Acknowledgements (including
funding information) - Disclosure and Competing Interests Statement - References - Figure legends - Expanded View Figure
legends

- 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, several scale bars are too thin or can
hardly be seen (e.g. in Fig. EV2G). Please check.

- Please check again 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, EV and Appendix 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. Moreover:
- Please indicate the statistical test used for data analysis in the legends of figures 1a; 3h; 4b.
- 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 3j; EV 2d.
- Please note that information related to n is missing in the legends of figures 3j; EV 1e; EV 2d; Ev 3e.
- Please note that the error bars are not defined in the legends of figures 2d; 3b; EV 3e.

- Please add the primer information provided in the Methods section to the Reagents and tools table and add a callout (e.g. 'see
reagents and tools table'). Please also remove the instructions and the empty template table from the reagents and tools table.

- 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. It seems that the Cytometry and Cell Sorting Core
at Baylor College of Medicine with funding from the CPRIT Core Facility Support Award (CPRIT-RP180672) and the NIH grant
(CA125123 and RR024574) are missing from the submission system. Please check.

- Thank you for providing the requested source data. Please upload this as one folder per figure (with all files for one figure in
one folder and ZIPed together).

In addition, I would need from you uploaded separately:
- 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.

Achim Breiling
Senior Editor
EMBO Reports

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



Referee #1:

The authors have addressed my concerns appropriately. And I have no more comments.

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

The authors addressed in a satisfactory way all comments raised by reviewers.
The authors generated an extensive set of new data and made their conclusions more solid, thus I fully support publication of
the revised manuscript.

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

In this revision, authors sufficiently responded to all my concerns. The revised version shows the difference of doule positive
cells between 4CL and primed culture much clearer. I found the manuscript is suitable for the publication at EMBO reports.

Please check Fig. 3I before the publication. This figure highlighted differentially expressed genes. I believed the listed genes
here are the part of them which are enriched in double positive fraction, but not all the genes. The bottom line is not properly
placed, and it might be better show examples of GFP+ genes to clarify.
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Response to editorial comments on EMBO Reports EMBOR-2024-60136V2: " Transposable 
element activity captures human pluripotent cell states." 

- Please reduce the number of keywords to 5 and order the manuscript sections using (only) these
names: 
Abstract - Keywords - Introduction - Results & Discussion - Methods - Data availability section - 
Acknowledgements (including funding information) - Disclosure and Competing Interests 
Statement - References - Figure legends - Expanded View Figure legends 

Response: We have reorganized the manuscript sections as requested and reduced the 
keywords to five. 

- 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, several scale bars are too thin or can hardly 
be seen (e.g. in Fig. EV2G). Please check. 
Comments: 

Response: We have revised all microscopic images to include clearly visible scale bars of 
consistent style and thickness. These are now positioned in the lower right corner of each image, 
with their sizes defined in the corresponding figure legends. 

- Please check again 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, EV and 
Appendix 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. 

Response: We apologize for the earlier inaccuracies. All figure legends (main and EV) have been 
updated to clearly define the number of replicates ("n"), their nature (biological or technical), error 
bars (e.g., SEM, SD), and the statistical tests used to calculate p-values. Exact p-values are 
indicated for each panel, and we have defined p>0.05 as non-significant. 

If n<5, please show single datapoints for diagrams. Moreover: 
- Please indicate the statistical test used for data analysis in the legends of figures 1a; 3h; 4b.
- 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 3j; EV 2d. 
- Please note that information related to n is missing in the legends of figures 3j; EV 1e; EV 2d;
Ev 3e. 
- Please note that the error bars are not defined in the legends of figures 2d; 3b; EV 3e.

Response: We have now indicated the statistical tests used for data analysis in the legends of 
Figures 1a, 3h, and 4b. Additionally, the box plots for Figures 3j and EV2d have been clearly 
defined, including minima, maxima, center, bounds of the box and whiskers, and percentiles. 

21st Nov 20242nd Authors' Response to Reviewers
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Information regarding the number of replicates ("n") has been added to the legends of Figures 3j, 
EV1e, EV2d, and EV3e. In the revised manuscript, we have also defined the error bars for Figures 
2d, 3b, and EV3e. 

- Please add the primer information provided in the Methods section to the Reagents and tools
table and add a callout (e.g. 'see reagents and tools table'). Please also remove the instructions 
and the empty template table from the reagents and tools table. 

Response: We have added primer information to the Reagents and Tools table, along with a 
callout ("see Reagents and Tools table") in the Methods section. The template instructions and 
empty table have been removed. 

- 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. It seems that the Cytometry and Cell Sorting Core at Baylor College of
Medicine with funding from the CPRIT Core Facility Support Award (CPRIT-RP180672) and the
NIH grant (CA125123 and RR024574) are missing from the submission system. Please check. 

Response: Funding details, including those for the Cytometry and Cell Sorting Core at Baylor 
College of Medicine, have been added to the online submission system to match the manuscript 
text. 

- Thank you for providing the requested source data. Please upload this as one folder per figure
(with all files for one figure in one folder and ZIPed together). 

Response: We have organized the source data into folders for each main figure, compressed 
them into ZIP files, and uploaded them as requested. 

In addition, I would need from you uploaded separately: 
- 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. 

Response: We have uploaded a two-sentence summary of the manuscript, provided four bullet 
points highlighting the study's key findings, and included a schematic summary figure illustrating 
the major findings as a separate file in TIFF format. 

Reviewer #1: 

The authors have addressed my concerns appropriately. And I have no more comments. 

Response: We appreciate the reviewer’s positive feedback. 

Reviewer #2: 

The authors addressed in a satisfactory way all comments raised by reviewers. 
The authors generated an extensive set of new data and made their conclusions more solid, thus 
I fully support publication of the revised manuscript. 
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Response: We appreciate the reviewer’s support for the publication of our study. 

Reviewer #3: 

In this revision, authors sufficiently responded to all my concerns. The revised version shows the 
difference of double positive cells between 4CL and primed culture much clearer. I found the 
manuscript is suitable for the publication at EMBO reports. 

Response: We appreciate the reviewer’s support for the publication of our study. 

Please check Fig. 3I before the publication. This figure highlighted differentially expressed genes. 
I believed the listed genes here are the part of them which are enriched in double positive fraction, 
but not all the genes. The bottom line is not properly placed, and it might be better show examples 
of GFP+ genes to clarify. 

Response: We apologize for the oversight. We have adjusted the bottom line in the heatmap to 
accurately represent the enrichment of the highlighted genes in the double-positive fraction. 
Regarding examples from the GFP+ population, there are only a few genes in this fraction, none 
of which are particularly relevant to stem cell function or aligned with the main narrative of the 
study. As such, we have opted to focus on genes enriched in the double-positive population. 
However, if you would like us to include examples from the GFP+ population, we would be happy 
to do so. Please let us know. 



25th Nov 20242nd Revision - Editorial Decision

Dr. Bruno Di Stefano
Baylor College of Medicine
Molecular and Cellular Biology
1 Baylor Plaza
Houston, TX 77030
United States

Dear Dr. Di Stefano,

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
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- 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 
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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? Yes Reagents and Tools table

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 Reagents and Tools table 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. Not Applicable

Cell materials Information included in 
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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 Reagents and Tools table

Primary cultures: Provide species, strain, sex of origin, genetic 
modification status. Not Applicable

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

Experimental animals Information included in 
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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 
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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 
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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 
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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 Acknowledgements 
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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. Yes Main and expanded view 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?

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 Main and expanded view 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 Main and expanded view figure legends 

In the figure legends: define whether data describe technical or biological 
replicates. Yes Main and expanded view 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.

Not Applicable

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.

Not Applicable

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.

Not Applicable

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 References 
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