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1st Editorial Decision 9th Feb 2024

9th Feb 2024

Dear Prof. Wang,

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now received feedback from the three
reviewers who agreed to evaluate your manuscript. As you will see from the reports below, the referees acknowledge the
interest of the study and are overall supporting publication of your work pending appropriate revisions. In particular, the referees
pointed out the lack of rigor in figures and methods presentation. As mentioned by referee #1, migration or transwell assays will
need to be repeated within a shorter timeframe, and concerns on cell and metastasis models need to be addressed
experimentally if possible, or by clearly stating the study limitations in the manuscript text.

Addressing the reviewers' concerns in full will be necessary for further considering the manuscript in our journal, and acceptance
of the manuscript will entail a second round of review. EMBO Molecular Medicine encourages a single round of revision only and
therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next,
final version of the manuscript. For this reason, and to save you from any frustrations in the end, | would strongly advise against
returning an incomplete revision.

If you would like to discuss further the points raised by the referees, | am available to do so via email or video. Let me know if
you are interested in this option.

We are expecting your revised manuscript within three months, if you anticipate any delay, please contact us.

When submitting your revised manuscript, please carefully review the instructions that follow below. We perform an initial quality
control of all revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision.

We require:

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

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

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

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

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

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

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

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

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



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

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online. A maximum of 5 EV Figures can be typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and
their respective legends should be included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

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

See detailed instructions here:

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

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

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

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

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

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

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

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

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

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

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

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



I look forward to receiving your revised manuscript.

Yours sincerely,

Lise Roth

Lise Roth, PhD
Senior Editor
EMBO Molecular Medicine

*kkkk

***** Reviewer's comments
Referee #1 (Comments on Novelty/Model System for Author):
The systems used are not real metastasis models.

Referee #1 (Remarks for Author):

SCLC is a very aggressive pulmonary neuroendocrine malignancy associated with limited therapeutic advancement. Wang et al.
find that ERRYy is highly expressed in metastatic SCLC, and can promote SCLC metastasis potentially through ECM remodeling.
Genetic knockdown or pharmacological inhibition of ERRy markedly reduces collagen production and inhibits SCLC metastasis.
Moreover, ERRYy also highly expressed in chemotherapy resistant SCLC, and combination treatment of ERRYy inhibitor and
chemotherapy displayed synergistic tumor growth inhibition. This work is interesting as it clarifies the function of ERRY protein in
SCLC malignant progression, and provides a novel therapeutic target for this refractory disease. However, the logic link, English
writing as well as the understanding of the SCLC research field need to be further improved.

1. Although the finding is interesting, the manuscript suffers from the frequent lack of necessary description of material and
technical details. For example, how many different human clinical samples were analyzed? From own collection or other public
datasets? How was the H-Score in Figure H and Fig. S1C calculated? How was the organoid culture established for SCLC,
similar to previous report (PMID: 33159857)? How was PDX model established? For LN140, the authors claimed it's
chemotherapy resistant. How was this model established? From previous study (PMID: 35449308), the growth of chemotherapy
resistant PDX is comparable the control group under EP treatment but it seems not the case for LN140 (Fig. 6H). Also, tissue
number of the SCLC is inconsistent between the legend and figure (Fig. S1C).

2.Another issue is about the SCLC cell lines used in this study: all are adhesion cell lines. Previous report (PMID: 35967587)
identified the NCAMhiCD44low subpopulation (the suspension cell in culture) but not as the NCAMlowCD44hi (the adhesion
type in culture) responsible for SCLC metastasis. Since the authors haven't used the spontaneous metastasis model, e.g.,
subcu. or orthotopic transplantation to detect distant organ metastasis, it remains interesting to at least check the expression of
NCAM and CD44 in their system and discuss with the literatures.

3.For the wound healing assay, it's necessary to exclude the effect of ESRRG inhibition upon cell proliferation (Fig. 2A-B).

4.0ther minor issues: please provide the toxicity of ERRY inhibitors in this study, and the body weight of the mice with or without
drug treatments. Please explain the difference about HG9AR between Fig. 2E and 2F upon DN200434 treatment. Statistical
analysis of Fig. 61 needs to be added. "They exhibited a positive correlation in chemo-resistance samples, indicating a potential
role of ERRYy in the drug resistance of SCLC (Fig. 6A-C, Supplementary Fig. 6A-C)." There is no Supplementary Fig. 6A-C in the
suppl materials. Inconsistency between figure and legends in Fig 2J, no ShESRRG#3!

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

Human samples, human cell lines, all good models
Rigor is a bit low with some missing controls and quantifications, and bar graphs are not displayed correctly



Referee #2 (Remarks for Author):

This manuscript by Wang, Sun, Huang, and colleagues, investigates the role of estrogen-related receptor gamma (ERRYy) in
SCLC metastasis. Single-cell RNA sequencing of human tumors and metastases showed high levels of ERRy compared to
other nuclear receptors, as well as increased expression of ERRy during metastasis. Loss- and gain-of-function of ERRYy in
several human SCLC cell lines show that ERRY is critical for tumor growth, in culture and in mice. Treatment with an ERRy
inhibitor (DN200434) also reduced metastatic burden in splenic or tail vein injections. RNA-seq and ChlP-seq/PCR analyses
showed that loss of ERRYy leads to changes in gene programs associated withn the ECM. Indeed, inhibition of ERRy can lead to
changes in collagen deposition and, overall, may create an environment facilitating metastasis. Finally, the authors also
observed a correlation between ERRY levels and chemoresistance and showed that ERRYy inhibition could enhance the effects
of chemotherapy in chemoresistant models.

Overall, this is a well conducted study, which uses human primary samples and relevant cell line models to investigate ERRY in
SCLC. The data on migration/metastasis and chemoresistance are quite interesting and the phenotypes seem overall robust.
This work should be of interest to a large group of investigators in the fields of SCLC and ERRy. The main goal of the revisions
should be to improve the clarity/rigor of some of the experiments/figures.

1) For all figures, the bar graphs should show the individual data points from independent experiments, not just the mean values.
For each experiment, the number of mice should be clarified, and whether just one experiment was performed with several mice,
or several independent experiments.

2) Figure 1D: difficult to see the "normal" (orange) cells

3) Figure 1H: do the authors have negative controls for the immunostaining (maybe from knock-down cells), to make sure that
they are quantifying ERRy?

4) Can the authors correlate expression of ERRy with expression of NFIB, which other groups have found to be important for
metastasis? Is there a correlation between ERRYy expression and SCLC subtypes (ASCL1, NEUROD1, etc.)?

5) It may be useful in the knock-down and overexpression experiments to show the levels of ERRY in the various cell lines used
(at baseline), maybe from published RNA-seq data. It could also be useful to show the DepMap data for ERRy knock-down or
knockout in the SCLC cell lines that are analyzed on this web site.

6) Figure 2K, no body weight is shown. Figure 2L needs to be quantified. Is Figure S2L immunostaining for ERRYy or for another
marker? If it is ERRYy, why are the levels decreasing, and can this be quantified?

7) S3F is not in the manuscript, and there are no Ki67 data associated with 3G. Same problem with S3G - this whole part needs
to be clarified.

8) The authors rely on DN200434 for a large number of experiments and it may be important to show its specificity, at least in a
couple of simple experiments: for instance, using ERRy knock-down cells and testing if the inhibitor does not have additional
effects? Or maybe the literature already shows clearly that this compound is highly specific (even at 10uM)?

9) Figure 6l should be quantified.

10) The chemotherapy treatment protocol should be clarified, as EP is very toxic in mice and daily injections seem to be a lot,
but maybe the authors use doses lower than usual?

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

The detailed information on the experiment is not provided.
Ex gene expression analysis or in vivo model.

In cell migration and transwell assays, an experimental duration of 48-72 hours led to the proliferation of SCLC cells, which may
not accurately reflect the real effect of ERRy in cancer metastasis.

Referee #3 (Remarks for Author):
The authors in this manuscript showed that the ERRYy gene is highly overexpressed in tumors of small cell lung cancer (SCLC),

particularly in metastatic sites. Inhibition of ERRy through genetic or pharmacological means significantly reduces collagen
production, cell-matrix adhesion, and microfilament production, and suppresses SCLC tumor cell growth and metastasis both in



vitro and in vivo. Furthermore, an ERRy antagonist has been found to increase SCLC sensitivity to chemotherapy in multiple
preclinical models. These findings may be an alternative approach to treating metastatic SCLC.

Major comments

1. The cell migration and transwell assays were inappropriate, an experimental duration of 48-72 hours led to the confounding of
proliferation effect of SCLC cells, which may not accurately reflect the real effect of ERRYy in inhibiting cell migration/invasion and
implication in suppressing cancer metastasis.

2. The authors reported that estrogen-related receptor gamma (ERRY) is overexpressed in metastatic SCLC tumors and
positively associated with SCLC progression. They also need to investigate ERRy expression in NSCLC tumors or another
cancer type, and after that, the ERRYy is the unique target in SCLC that may be confirmed.

3. Genetic and pharmacological inhibition of ERRYy can inhibit cell survival and metastasis. In tumor metastasis experiments, the
treatment period is longer, even up to 2-4 weeks. How can we specifically demonstrate that ERRy plays a role in metastasis in
SCLC?

4. They may need to explain why they alter the cell type between tumor growth and metastasis model. (H446, H1084, H69AR,
and H128).

5. The detailed information of Methods and Figure legends need to be described more completely. Ex. What is the frequency
and dose of DN200434 or EP in Animal models? How many wells/samples for the statistical diagram? How many animals or
wells (N) in the individual experiments?

6. The authors need to discuss what kind of ERRYy relative drug can be designed and discuss the advantages or disadvantages
of the recent antagonist, DN200434 in the article.

7. Discuss why Orphan receptors are a good drugable target in introduction or discussion. What benefit is it?
Minor comments
1. The quality of the WB results is inadequate. The relative intensity of each protein also needs to be shown.

2. The knowdown efficiency of sShRNA ERRYy also needs to be shown (Fig 2J). The sequences of siRNA and shRNA seem to be
different.

3. The X-axis in sFig2J needs to be indicated.
4. The authors indicated the body weight of mice across each group was not significantly changed. But we do not see the result.

5. Although they showed the fluorescent ERRYy level in IFA (Fig5C and 5D), and DN200434 has been shown to suppress ERRy
expression, the authors must provide ERRYy levels in all IHC results.

6. Genetic and pharmacological inhibition of ERRy to suppress COL6A1 seem to be different. In Fig 4F, the siERRy almost
decreases two forms of COL6A1, but in sFig4B in H128 cells, the DN200434 treatment only decreases the higher M.W.
COLB6A1. Why is there a discrepancy between these results?

7. In Fig 5A, 5B, 5E, and 5F may need to show the large field (more cells). And in Fig 5C, and 5D may need to show the small
field (enlarged cell); after that, we can see the location of ERRYy in cancer cells.

8. We do not see the Supplementary Fig. 3F.



1st Authors' Response to Reviewers 20th May 2024

Response to reviewers

For your convenience, we highlight changes (mostly new data) in red in the revised
manuscript including Supplementary data and Figure legends.

*FxEEX Reviewer's comments **x**
Referee #1 (Comments on Novelty/Model System for Author):
The systems used are not real metastasis models.

Response: We thank the reviewer’s comment. In this study, we utilized two
metastasis models, namely tail vein injection and intrasplenic injection, to investigate
the role of ERRy in SCLC metastasis. The intrasplenic injection of cancer cells is a
widely employed method to establish liver metastasis models for studying distant
organ metastasis, while tail vein injection in mice is another well-established
approach in metastasis research. Work to establish, by different approaches including
orthotopic transplantation and genetically engineered mouse (GEM) models, the role
of ERRy in SCLC metastasis and progression is part of our near future studies. We
sincerely hope that the respected reviewer agrees with our assessment and
understands the direction of our ongoing research.

Referee #1 (Remarks for Author):

SCLC is a very aggressive pulmonary neuroendocrine malignancy associated with limited
therapeutic advancement. Wang et al. find that ERRYy is highly expressed in metastatic
SCLC, and can promote SCLC metastasis potentially through ECM remodeling. Genetic
knockdown or pharmacological inhibition of ERRy markedly reduces collagen production
and inhibits SCLC metastasis. Moreover, ERRy also highly expressed in chemotherapy
resistant SCLC, and combination treatment of ERRYy inhibitor and chemotherapy
displayed synergistic tumor growth inhibition. This work is interesting as it clarifies the
function of ERRy protein in SCLC malignant progression, and provides a novel
therapeutic target for this refractory disease. However, the logic link, English writing as

well as the understanding of the SCLC research field need to be further improved.

Response: We thank the reviewer for his/her positive remarks and valuable comments.
We have carefully edited and improved the logic link, language as well as the
understanding of the SCLC research field in the revised manuscript.

1. Although the finding is interesting, the manuscript suffers from the frequent lack of

necessary description of material and technical details. For example, how many different



human clinical samples were analyzed? From own collection or other public datasets?
How was the H-Score in Figure H and Fig. S1C calculated? How was the organoid culture
established for SCLC, similar to previous report (PMID: 33159857)? How was PDX model
established? For LN140, the authors claimed it's chemotherapy resistant. How was this
model established? From previous study (PMID: 35449308), the growth of chemotherapy
resistant PDX is comparable the control group under EP treatment but it seems not the
case for LN140 (Fig. 6H). Also, tissue number of the SCLC is inconsistent between the

legend and figure (Fig. S1C).

Response: We appreciate the valuable suggestions and apologize for the deficiency in
material and technical details in our manuscript. We have thoroughly checked for
such issues throughout the manuscript and added the necessary descriptions in the
revised manuscript. Our responses to the specific comments are provided as follows.

First, we analyzed clinical samples from our own collection (Fig. 1H and Fig. S1C) as
well as public datasets (Fig. 1A-1G and Fig. S1A-B), and have provided the exact
clinical sample sizes in the Materials and Methods section or figure legends of the
revised manuscript.

Second, for the H-Score in Figure 1H and Fig.S1C, we used Image J software to
calculate the percentage of positive staining of IHC.

Third, the process of establishing PDOs is similar to the method reported in the
previous report (PMID: 33159857), as described in the Materials and Methods
section.

Forth, the method for establishing the SCLC PDX model and the corresponding
chemo-resistant PDX model is similar to the one reported in the previous study
(PMID: 35449308), as described in the Materials and Methods section.

For chemotherapy resistant PDX model LN140, we repeatedly treated LN140 PDX
mouse model with E/P and eventually established the chemo-resistant PDX models
(LN140R), as evidenced by no further significant reduction in tumor size with E/P
treatment (see figure below). The detailed method for establishing the drug-resistant
LN140 PDX has been supplemented in the Materials and Methods section, and the
following is the graphical representation of our construction of drug-resistant LN140
(see figure below). Our results showed that while individual DN200434 and E/P
treatments exhibited only modest inhibition of tumor growth in our LN140R models,
the combined therapy of DN200434 and E/P exhibited a synergistic effect in
inhibiting tumor growth. We would like to respectfully point out that that the
statistical analysis suggests that EP alone did not significantly inhibit tumor growth,



indicating that LN140R tumors are resistant to the EP regimen, which aligns with
previous literature findings (PMID: 35449308).

In addition, we apologized for the previous oversight in incorrectly issue number of
the SCLC between the legend and figure, we corrected the problems in Fig. S1C.
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2.Another issue is about the SCLC cell lines used in this study: all are adhesion cell lines.
Previous report (PMID: 35967587) identified the NCAMhiCD44low subpopulation (the
suspension cell in culture) but not as the NCAMIowCD44hi (the adhesion type in culture)
responsible for SCLC metastasis. Since the authors haven't used the spontaneous
metastasis model, e.g., subcu. or orthotopic transplantation to detect distant organ
metastasis, it remains interesting to at least check the expression of NCAM and CD44 in
their system and discuss with the literatures.

Response: This is an interesting point. We detected the expression of NCAM and
CD44 in SCLC cell lines used in this study and found that H1048 cells exhibited
NCAMhIICD44low expression pattern. Since a recent significant study (PMID:
35967587) identified NCAMhiCD44low cells in transgenic mouse models (RP mouse
model) as SCLC metastasizing cells, it is reasonable to infer that this cell line
possesses strong metastatic potential. Furthermore, our choice of using this cell line
for splenic injection to establish a model of liver metastasis is also supported by a
previous report (PMID: 22989420) (Fig. 3F-3G). In contrast, we utilized the cell line
H446, which exhibits high expression of NCAM and low expression of CD44, for
subcutaneous tumor xenografts. As expected, we did not observe liver metastasis or
metastasis to other distant organs in H446 xenograft models (Fig. 2J-2K and data not
shown). However, it is intriguing that despite H69AR cells (derived from suspension
H69 cell) being CDA44-positive and NCAM-negative, we observed systemic
metastasis after intravenous injection (Fig. 3H-3I and Fig. 6F-6G), which is consistent
with previous report (PMID: 25456735). Since SCLC exhibits high heterogeneity,
future investigations that assess the antagonist effect using GEM models, such as the
RP mouse model, will be valuable in elucidating the role of ERRy in SCLC metastasis.
We have included a discussion on this point in the revised manuscript.
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3.For the wound healing assay, it's necessary to exclude the effect of ESRRG inhibition
upon cell proliferation (Fig. 2A-B).

Response: We agree with the reviewer’s comment and performed more experiments
to address the points. As shown in Figure 3A-D in the revised manuscript, we
conducted a 24-hour treatment with inhibitors and lentivirus to eliminate the impact of
ESRRG inhibition on cell proliferation. The results revealed a significant inhibition of
cell invasion and migration upon ESRRG suppression.
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4.0Other minor issues: please provide the toxicity of ERRy inhibitors in this study, and the
body weight of the mice with or without drug treatments. Please explain the difference



about H69AR between Fig. 2E and 2F upon DN200434 treatment. Statistical analysis of
Fig. 61 needs to be added." They exhibited a positive correlation in chemo-resistance
samples, indicating a potential role of ERRYy in the drug resistance of SCLC (Fig. 6A-C,
Supplementary Fig. 6A-C)." There is no Supplementary Fig. 6A-C in the suppl materials.
Inconsistency between figure and legends in Fig 2J, no ShESRRG#3!

Response: We appreciate the reviewer’s valuable suggestion and provide our
response as following.

Firstly, we provided the toxicity of ERRy inhibitors in this study, as shown in
Supplementary Fig. S2P and Fig. S5D in the revised manuscript, our new data showed
that the ESRRG inhibitors exhibited no toxicity, and there was no significant
difference in body weight between the control group and the treatment group in mice.

Secondly, we examined the effect of DN200434 treatment on H69AR by different
approaches. Results shown in Figure 2E represents growth inhibition of DN200434 on
H69AR cells, H69AR cells were treated with vehicle or DN200434 as indicated, after
96 hours, total viable cells were counted. Results shown in Figure 2F represents the
survival inhibition of DN200434 on H69AR cells detected by colony formation assay,
SCLC cells were treated with vehicle or the indicated concentrations of DN200434
for 14 days, after which colony formation was assessed. Due to the difference in the
initial cell numbers and treatment durations between the two experiments, in Fig. 2E,
the cell number per well in the 6-well plate was 150,000 cells with a drug treatment
duration of 96 hours. In Fig. 2F, the cell number per well in the 6-well plate was also
5000 cells, but the drug treatment duration was 14 days. Therefore, the results indicate
that although DN200434 exhibits significant inhibitory effects on H69AR cells in
both experiments, it has a stronger inhibitory effect on clone formation.

Thirdly, we apologize for the missing statistical analysis on Fig. 61, we now included
the statistical analysis in the revised manuscript. Regarding the issue with
Supplementary Fig. 6A-C should be Supplementary Fig. 5A-C, we now corrected the
problems in the revised manuscript. In addition, we also corrected the identity
annotation in Figure 2J in the revised manuscript.

Referee #2 (Comments on Novelty/Model System for Author):
Human samples, human cell lines, all good models

Rigor is a bit low with some missing controls and quantifications, and bar graphs are not
displayed correctly

Response: We greatly appreciate the comments made by this reviewer. We find many
of his/her comments being constructive in strengthening the manuscript. As
reviewer’s suggestion, we have made revisions to enhance the rigor of our work.



Referee #2 (Remarks for Author):

This manuscript by Wang, Sun, Huang, and colleagues, investigates the role of
estrogen-related receptor gamma (ERRy) in SCLC metastasis. Single-cell RNA
sequencing of human tumors and metastases showed high levels of ERRy compared to
other nuclear receptors, as well as increased expression of ERRy during metastasis.
Loss- and gain-of-function of ERRYy in several human SCLC cell lines show that ERRYy is
critical for tumor growth, in culture and in mice. Treatment with an ERRYy inhibitor
(DN200434) also reduced metastatic burden in splenic or tail vein injections. RNA-seq
and ChIP-seq/PCR analyses showed that loss of ERRy leads to changes in gene
programs associated withn the ECM. Indeed, inhibition of ERRy can lead to changes in
collagen deposition and, overall, may create an environment facilitating metastasis.
Finally, the authors also observed a correlation between ERRy levels and
chemoresistance and showed that ERRYy inhibition could enhance the effects of

chemotherapy in chemoresistant models.

Overall, this is a well conducted study, which uses human primary samples and relevant
cell line models to investigate ERRy in SCLC. The data on migration/metastasis and
chemoresistance are quite interesting and the phenotypes seem overall robust. This work
should be of interest to a large group of investigators in the fields of SCLC and ERRy. The
main goal of the revisions should be to improve the clarity/rigor of some of the

experiments/figures.

Overall response: We very much appreciate the comments made by this reviewer.
We find many of his/her comments being constructive in strengthening the
manuscript.

1) For all figures, the bar graphs should show the individual data points from independent
experiments, not just the mean values. For each experiment, the number of mice should
be clarified, and whether just one experiment was performed with several mice, or several

independent experiments.

Response: We agree with the reviewer’s suggestion. As shown in all revised figures,
we have included the individual data points from independent experiments alongside
the mean values in the bar graphs. We apologize for the missing information on the
animal experiments. In the revised manuscript, the number of mice has been clarified
in the Figure legends and Materials and Methods section. In addition, we performed
one experiment using multiple mice, and we have included this information in
Materials and Methods section of the revised manuscript.



2) Figure 1D: difficult to see the "normal" (orange) cells

Response: Thank you for pointing this out. Because our single-cell sequencing
analysis revealed that ESRRG exhibits minimal expression in the normal tissues of
these seven cell types, it becomes challenging for us to observe the “normal” (orange)
cells in the image. Therefore, we labeled the data points with the corresponding tissue
information (normal or SCLC tumor) from which each cell type was derived in the
revised manuscript.

3) Figure 1H: do the authors have negative controls for the immunostaining (maybe from
knock-down cells), to make sure that they are quantifying ERRy?

Response: We appreciate the valuable suggestion. We now included the
immunostaining using cells with knockdown of ERRy expression as negative controls
to ensure that our Immunohistochemistry (IHC) accurately quantifies ERRy. As
shown in the Supplementary Figure 2L-2M, the Immunohistochemistry (IHC) data
showed that the expression of ERRy was significantly reduced in tumor tissues with
knockdown of ERRY.

o

shNeal shESRRG#1 SshESRRG#2

ERRy

4) Can the authors correlate expression of ERRy with expression of NFIB, which other
groups have found to be important for metastasis? Is there a correlation between ERRy
expression and SCLC subtypes (ASCL1, NEUROD], etc.)?

Response: This is an interesting point. Regarding the correlation between the
expression of ERRy and NFIB in SCLC patient samples, we conducted an analysis
using a recently published RNA-seq dataset from clinical SCLC tumors (Cell. 2024
Jan 4;187(1):184-203). Our analysis revealed no significant correlation between the
expression of ERRy and NFIB, as shown in the figure below. Additionally, we
assessed the expression of NFIB in the cell lines used in our study based on a previous
report (PMID: 27374332). In Figure A, we examined the protein expression of NFIB
and ERRy in all the cell lines and found no correlation between their expression levels.
Furthermore, in our RNA-seq analysis, as depicted in Figure B, knocking down ERRy
did not significantly affect the mRNA levels of NFIB."

Furthermore, we conducted an analysis of the published RNA-seq dataset (Cell. 2024
Jan 4;187(1):184-203) to investigate the relationship between ERRy expression and
SCLC subtypes, namely ASCL1, NEUROD1, YAP1, and POU2F3. The results
demonstrated no significant correlation between the expression levels of ERRy and
ASCL1, NEUROD1, YAP1, or POU2F3 (As shown in the below figure).
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5) It may be useful in the knock-down and overexpression experiments to show the levels
of ERRYy in the various cell lines used (at baseline), maybe from published RNA-seq data.
It could also be useful to show the DepMap data for ERRy knock-down or knockout in the

SCLC cell lines that are analyzed on this web site.

Response: We appreciate the valuable suggestion. We conducted an analysis of
DepMap data to investigate the expression levels of ERRy in SCLC cell lines and the
impact of ERRy knock-down in these cell lines. The results revealed that ERRy levels
were moderate in the H446 and H1048 cells used in this study, immunoblotting
readily detected ERRy protein in all of the SCLC cell lines used. Additionally,
analysis of DepMap data showed that ESRRG siRNA could effectively inhibit the
viability of the majority of SCLC cells, including the H446 and H1048 cells. These
results indicate that ERRYy is essential for the survival of SCLC cells. Considering that
the DepMap analysis did not include all the cells we used and provided only limited



information, we do not feel comfortable to present the information in the manuscript.
We sincerely hope that the reviewer agrees with our overall assessment.
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6) Figure 2K, no body weight is shown. Figure 2L needs to be quantified. Is Figure S2L
immunostaining for ERRy or for another marker? If it is ERRy, why are the levels
decreasing, and can this be quantified?

Response: We thank the reviewer’s kindly reminding. We have included a graph of
mouse body weight (Figure S2P) in the revised supplementary materials. Additionally,
we have quantified Figure 2L in the revised Figure. In Figure S2L, the
immunostaining is for ERRy, because in vitro experiments have shown that the
compounds DN200434 can also reduce the protein expression of ERRy in tumor cells
(H446 and H128), we conducted subcutaneous tumor inhibition using H446 cells and
administered the compound DN200434. Through immunohistochemistry (IHC)
experiments, we verified that it can also reduce ERRYy protein expression in vivo. We
have included the quantification in the revised Figure S2L.

7) S3F is not in the manuscript, and there are no Ki67 data associated with 3G. Same
problem with S3G - this whole part needs to be clarified.

Response: Thank you for your kindly reminding. We apologize for the confusion
caused by these erroneous labels. We have carefully reviewed the relevant content
and made the necessary corrections in the revised manuscript.

8) The authors rely on DN200434 for a large number of experiments and it may be
important to show its specificity, at least in a couple of simple experiments: for instance,
using ERRYy knock-down cells and testing if the inhibitor does not have additional effects?
Or maybe the literature already shows clearly that this compound is highly specific (even
at 10uM)?

Response: We appreciate the valuable suggestion. To elucidate the specificity of
DN200434 treatment, we used two different ESRRG siRNA to specifically silence
ESRRG expression. The results demonstrated that the inhibitory effect of DN200434
on cell survival, even at a concentration of 10 uM, was effectively blocked in cells
treated with ESRRG siRNA compared to control cells. These findings suggest that
DN200434 exerts its inhibitory effect on cell survival via specifically inhibiting ERRy
activity.



In addition, according to previous literature reports (PMID: 31010838), their in
vitro binding assays also demonstrated that DN200434 exhibited promising ERRy
binding affinity (ICso = 0.040 umol/L) and comparable subtype selectivity with no
prominent ERRa, ERRp affinity (ICso > 10, 1.330 pumol/L, respectively). Furthermore,
they validated DN200434 as a specific inhibitor of ESRRG through crystallographic
studies of the DN200434-ESRRG complex.
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9) Figure 61 should be quantified.

Response: We appreciate the valuable suggestion. We have added the quantification
in revised Figure 61.

10) The chemotherapy treatment protocol should be clarified, as EP is very toxic in mice

and daily injections seem to be a lot, but maybe the authors use doses lower than usual?

Response: We apologized for our unclear description. We provided more detail
information to clarify chemotherapy treatment protocol in the Materials and Methods
section of the revised manuscript. Mice in the EP group were treated with cisplatin
(DDP 2.5 mg/kg, intraperitoneally) at day 1 and etoposide (Eto 4 mg/kg, ip) at Days 1,
2, 3. One week was considered as one cycle. The treatment did not result in obvious
body weight loss and visible toxicity in mice.

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

The detailed information on the experiment is not provided.
Ex gene expression analysis or in vivo model.

In cell migration and transwell assays, an experimental duration of 48-72 hours led to the
proliferation of SCLC cells, which may not accurately reflect the real effect of ERRy in
cancer metastasis.

Response: We very much appreciate the comments made by this reviewer. We find
many of his/her comments being constructive in strengthening the manuscript. We



provided more detailed information on the experiment and performed additional
experiments to address the effect of ERRy in cancer metastasis.

Referee #3 (Remarks for Author):
The authors in this manuscript showed that the ERRy gene is highly overexpressed in

tumors of small cell lung cancer (SCLC), particularly in metastatic sites. Inhibition of ERRy
through genetic or pharmacological means significantly reduces collagen production,
cell-matrix adhesion, and microfilament production, and suppresses SCLC tumor cell
growth and metastasis both in vitro and in vivo. Furthermore, an ERRy antagonist has
been found to increase SCLC sensitivity to chemotherapy in multiple preclinical models.

These findings may be an alternative approach to treating metastatic SCLC.

Response: We thank the reviewer for his/her positive remarks and valuable comments.

Major comments

1. The cell migration and transwell assays were inappropriate, an experimental duration of
48-72 hours led to the confounding of proliferation effect of SCLC cells, which may not
accurately reflect the real effect of ERRy in inhibiting cell migration/invasion and
implication in suppressing cancer metastasis.

Response: We appreciate the valuable suggestion. We performed additional
experiments to repeat the assay at cells treated for 24 hours to eliminate the impact of
ESRRG inhibition on cell proliferation. The results showed that both the ERRy
antagonist DN200434 and knockdown of ERRy significantly inhibited cell migration
and invasion following 24 hours of treatment.
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2. The authors reported that estrogen-related receptor gamma (ERRY) is overexpressed
in metastatic SCLC tumors and positively associated with SCLC progression. They also
need to investigate ERRy expression in NSCLC tumors or another cancer type, and after
that, the ERRY is the unique target in SCLC that may be confirmed.

Response: This is an interesting point and important question to us too. We
conducted an analysis of published datasets and observed that there were no
significant changes in the expression of ESRRG (ERRY) between NSCLC tumors and
normal tissues. However, in contrast, the expression of ESRRG was found to be
significantly higher in SCLC tumors compared to normal tissues (As shown in the
below figure). Furthermore, in our patient tissue microarray, which included six cases
of NSCLC (three adenocarcinomas and three squamous cell carcinomas), we
observed that the expression of ERRy in these NSCLC cases was similar to that in
normal lung tissue, with no significant difference. Additionally, the expression of
ERRy in NSCLC was significantly lower compared to its expression in SCLC. These
findings suggest that ERRy may serve as a unique target in SCLC (As shown in the
below figure). Given the limited information obtained, we do not feel comfortable to
present the information in the manuscript. We sincerely hope that the reviewer agrees
with our overall assessment.
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3. Genetic and pharmacological inhibition of ERRy can inhibit cell survival and metastasis.
In tumor metastasis experiments, the treatment period is longer, even up to 2-4 weeks.
How can we specifically demonstrate that ERRYy plays a role in metastasis in SCLC?

Response: This is an interesting point. To further investigate the role of ERRy in
metastasis in SCLC, we performed additional IHC analysis on metastasis marker
genes in tumors obtained at the experimental endpoint of our tumor metastasis
experiments. The results demonstrated that the ERRy antagonist DN200434
significantly suppressed the expression of metastasis marker genes, including
Vimentin and p-catenin, in tumors from both the liver metastasis model, where H1048
cells were injected into the spleen, and the lung metastasis model, where HE9AR cells
were injected via the tail vein. These data, combined with our in vitro results on
migration and invasion, suggest that while we cannot exclude the potential influence
of DN200434-induced suppression of cell survival in these experiments, they do
indicate the significant role of ERRy in SCLC metastasis.

4. They may need to explain why they alter the cell type between tumor growth and
metastasis model.

Response: We thank the reviewer’s comment. Given the heterogeneity of SCLC, we
generated xenografts using SCLC cell lines with distinct features, including varying
growth characteristics, invasive abilities, and tendencies for metastasis. In previous
literature reports (PMID: 32554616), they used H446 cells for subcutaneous
transplantation experiments, so we followed their subcutaneous tumor model and used
H446 cells for subcutaneous transplantation. In another study (PMID: 23011677),
they constructed a liver metastasis model by intravenous injection of H1048 cells,
with a 100% incidence rate of liver metastasis. Therefore, we referred to their liver
metastasis model and chose H1048 cells for the liver metastasis model. Additionally,
another study (PMID: 24888228) reported using H69AR cells to construct a tumor
metastasis model via intravenous injection, so we referenced their intravenous
injection model. Thus, using multiple cell types can provide a more comprehensive
understanding of the mechanisms underlying SCLC tumor development and



metastasis. We thus sincerely hope that the respectful reviewer shares our assessment
on this.

5. The detailed information of Methods and Figure legends need to be described more
completely. Ex. What is the frequency and dose of DN200434 or EP in Animal models?
How many wells/samples for the statistical diagram? How many animals or wells (N) in
the individual experiments?

Response: We sincerely apologize for the missing detailed information. In the revised
manuscript, we have now included the frequency and dose of DN200434 and EP in
our animal models. Moreover, we have presented each data point in the statistical
graph along with the corresponding sample size. Additionally, we have clarified the
number of mice used in the Materials and Methods section and figure legends of the
revised manuscript. Furthermore, we have clearly labeled the “n” to indicate the
sample size in each individual experiment.

6. The authors need to discuss what kind of ERRYy relative drug can be designed and
discuss the advantages or disadvantages of the recent antagonist, DN200434 in the
article.

Response: We appreciate the reviewer’s valuable suggestion. We have included a
discussion on the design of ERRy-related drugs, as well as a discussion on the
advantages and disadvantages of the recent antagonist, DN200434, in the revised
manuscript.

7. Discuss why Orphan receptors are a good druggable target in introduction or
discussion. What benefit is it?

Response: We appreciate the valuable suggestion. We have included a discussion on
this point in both the introduction and discussion sections of the revised manuscript.

Minor comments

1. The quality of the WB results is inadequate. The relative intensity of each protein also
needs to be shown.

Response: We thank the reviewer for the suggestion. We conducted relative intensity
analysis for each protein, and the quantitative results are indicated in the revised
figure.

2. The knockdown efficiency of shRNA ERRYy also needs to be shown (Fig 2J). The
sequences of siRNA and shRNA seem to be different.

Response: We very much agree with the reviewer’s comment and performed
additional experiments to examine the knockdown efficiency of sShRNA ERRy. As



shown in Supplementary Figure 2N, the western blotting experiment on tumors
showed that the protein expression of ERRy was indeed knocked down. Additionally,
our IHC experiment also indicated that ERRy protein was knocked down in vivo
(Figure S2L-M).

In addition, as pointed out by the reviewer, siRNA and shRNA sequences are
different. Although both shRNA and siRNA are used in RNA interference techniques,
they differ in design and mechanism of action. We employed different software to
design siRNA and shRNA sequences, and the results demonstrated that both
approaches effectively inhibited the expression of ERRY.

T
~
N
(=2}
—

-tum

=]
1=

shNeal
SshESRRG#1
shESRRG#2

ESRRG
GAPDH ome e O

}

3. The X-axis in sFig2J needs to be indicated.

Response: We appreciate your kindly reminding. We corrected it in the revised
Supplementary Figure 2J.

4. The authors indicated the body weight of mice across each group was not significantly
changed. But we do not see the result.

Response: We appreciate this reviewer to point out missing body weight information.
we have included the body weight of mice in the revised figures (Figure S2P and
Figure S5D).

5. Although they showed the fluorescent ERRy level in IFA (FigsC and 5D), and
DN200434 has been shown to suppress ERRy expression, the authors must provide
ERRYy levels in all IHC results.

Response: We appreciated your valuable suggestion and performed additional IHC
experiments to provide ERRy levels in the revised manuscript (Figure S2L and Figure
S5E).

6. Genetic and pharmacological inhibition of ERRy to suppress COL6A1 seem to be
different. In Fig 4F, the siERRy almost decreases two forms of COL6A1, but in sFig4B in
H128 cells, the DN200434 treatment only decreases the higher M.W. COL6A1. Why is
there a discrepancy between these results?

Response: We appreciate the keen eye of this reviewer. We have also noticed this
phenomenon and repeated WB assay with cell lysis collected from H128 cells



multiple times, obtaining similar results, i.e. only high dose DN200434 treatment
decreases two forms of COL6AL in H128 cells. This could be due to the specific
cellular background or the differential selective regulation of inhibitors compared to
siRNA. However, the exact reasons still require further investigation, which we think
are beyond the scope of our current manuscript.

7. In Fig 5A, 5B, 5E, and 5F may need to show the large field (more cells). And in Fig 5C,
and 5D may need to show the small field (enlarged cell); after that, we can see the
location of ERRYy in cancer cells.

Response: Following the reviewer's suggestion, we have reorganized these panels in
our revised manuscript.

8. We do not see the Supplementary Fig. 3F.

Response: Thank you for your kindly reminding. We apologize for the confusion
caused by these erroneous labels. We have carefully reviewed the relevant content
and made the necessary corrections in the revised manuscript.



Editorial Correspondence 19th Jun 2024

19th June 2024

Dear Prof. Wang,

Thank you for your email and please accept my apologies for the delay in getting back to
you as | was attending a conference.

As indicated in my previous email, the referees have provided their feedback and are
overall positive on your revised manuscript. However, before | can proceed with
acceptance, | do need to have all raw data, and for each experiment the number of
technical and biological replicates. Could you please provide this information via email?
Would you prefer to have the manuscript sent back to you?

With kind regards,

Lise Roth

Lise Roth, PhD

Senior Editor

EMBO Molecular Medicine



Authors’ Correspondence 20th Jun 2024

20th June 2024

Dear Dr. Roth,

Thank you very much for your response. In fact, we have already provided the 'raw data’
when submitting the revised manuscript, which are located in the "Figure Source Data"
files. We will check these raw data again, and make the necessary modifications to the
manuscript according to your requirements (i.e. indicating the number of technical and
biological replicates for each experiment and each figure panel). We will then send you the
revised manuscript and the raw data file via email as soon as possible.

Thank you again for your help!

Sincerely,

Junjian Wang



Editorial Correspondence 20th Jun 2024

20th June 2024

Dear Prof. Wang,

Thank you for your email, and thank you for providing the source data, which | have already
checked. Our question relates to the number of technical vs. biological replicates, for
instance for Figure 2: are the 3 columns in the SD 3 technical replicates, or 3 independent
experiments (and if so, did you also perform technical replicates?).

A simple description of the N/n number for each figure panel would be sufficient at this
point.

Thank you very much!

With kind regards,

Lise Roth



1st Revision - Editorial Decision 25th Jun 2024

25th Jun 2024

Dear Prof. Wang,

Thank you for submitting your revised study, which was sent back to the three initial referees. As you will see below, they are
overall satisfied with the revisions, and | will therefore be able to accept your manuscript once the following points will be
addressed:

1/ Referees' comments: please address the remaining concerns from referee #2.

2/ Manuscript text:

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

- Please provide up to 5 keywords.

- Methods:

o Patient samples: include a statement 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.

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

o Mice: please indicate the housing and husbandry conditions.

o Statistics: please include a statement on blinding, size sample, randomization and inclusion/exclusion criteria.

o Data availability: Please remove "All associated data relevant to this study including any supplementary methods are available
upon request from the corresponding authors." and "Expanded view data, supplementary information, appendices are available
for this paper at." Please provide URLs for the deposited datasets.

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

- Please rename "Completing financial interests" to "Disclosure statement and competing interests"
(https://www.embopress.org/competing-interests).

- Please remove the sentence about peer review from the manuscript text.

3/ Figures:

- Please remove the red font from the Appendix file. Please not that you have the possibility to make some of your appendix
figures Expanded View (EV) Figures and Tables that are collapsible/expandable online. A maximum of 5 EV Figures can be
typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc... in the text and their respective legends should be
included in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called *Appendix*, which should start with a short Table of Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

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

See detailed instructions here:

- Please address the following queries from our data editors (if not already addressed):

1. Please note that the exact p values are not provided in the legends of figures 2a-c, e-f, j-k; 3b-d; 4e, h-i; 53, f-g, i.

2. Although 'n' is provided, please describe the nature of entity for 'n' in the legends of figures 2a-c, e-g, |; 3a-e; 4e, h-i; 5a, c-d, f-
i; 6e, g.

3. Please note that the scale bar needs to be defined for figures 5c-d.

4/ Thank you for providing Source Data for all figures. Please address the following:

- Figure 2: identical values were found in Fig. 2C, please double check. Fig. 2J/2K: please provide all values (for each mouse)
(files attached). Please confirm that no technical replicates were performed (also for other in vitro experiments).

- Figure 3: identical values were found for Fig. 3A/3C, please double check.

- Immunofluorescence pictures: original individual channel pictures should be provided

5/ Checklist:

- please double check the subsection "Animal observed in or captured from the field", as | don't think it applies to your study.
- Please check that you do not need to fill in the "Core facilities" section.

- Please fill in the entire section "Experimental study design and statistics"

- Please fill in the subsection "Ethics/Studies involving human participants: ethics approval and Helsinki declaration”

- Please double check the subsection: "Data availability/computational models”, as I'm not sure it applies to your study.



6/ Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript. ORCID identifiers are currently missing for Prof. Weineng Feng and for Prof. Xiaoyun Lu.

7/ l introduced minor modifications to your Paper Explained, please let me know if you agree with the following or amend as you
see fit:

Problem

SCLC is notorious for its aggressive behavior, early metastasis, and poor prognosis. Despite initial efficacy of conventional
treatments such as chemotherapy and immunotherapy, SCLC frequently metastasises, leading to limited survival rates.
Addressing metastasis and uncovering novel therapeutic targets is essential to improve prognosis and treatment outcomes for
SCLC patients.

Results

Estrogen-related receptor gamma (ERRYy) was overexpressed in metastatic SCLC tumors, showing a positive correlation with
disease progression. We uncovered a role for ERRYy in the regulation of extracellular matrix (ECM) remodeling and cell
adhesion, pivotal processes in metastasis, through direct modulation of key genes implicated in these pathways. Suppression of
ERRYy, both through genetic and pharmacological means, decreased collagen production, impaired cell-matrix adhesion, and
suppressed microfilament formation, consequently inhibiting SCLC cell invasion and tumor metastasis. Furthermore, treatment
with ERRYy antagonists suppressed tumor growth and metastasis, while concurrently reinstating chemosensitivity in resistant
SCLC across diverse cell-derived and patient-derived xenograft models.

Impact

Our findings identify ERRYy as a pivotal player in ECM remodeling and a favourable therapeutic target in advanced SCLC. Given
the druggability of ERRy and the availability of potent ERRy antagonists, these findings could expedite the development of new
therapeutic modalities for advanced SCLC.

8/ | introduced minor changes to your synopsis text, please let me know if you agree with the following or amend as you see fit:
Metastasis remains the leading cause of mortality in patients with small cell lung cancer (SCLC). Through single-cell, bulk
transcriptome analysis and gene functional studies, ERRy was identified as a key player of extracellular matrix (ECM)
remodelling and a promising target for metastatic SCLC.

- ERRy was overexpressed in metastatic SCLC tumors and positively correlated with disease progression.

- ERRy was identified as a key determinant of ECM-related gene expression in SCLC cells.

- Genetic and pharmacological suppression of ERRy reduced collagen production, cell-matrix adhesion, and suppressed
microfilament formation, thereby halting SCLC cell invasion and metastatic dissemination.

- ERRYy antagonists suppressed SCLC tumor growth and metastasis, and restored the sensitivity of resistant SCLC to
chemotherapy.

Thank you for providing a nice synopsis picture, please upload it as a separate png/tiff/jpeg file 550 px wide x 300-600 px high,
and make sure that the text remains legible.

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

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

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

I look forward to receiving your revised manuscript.

Yours sincerely,

Lise Roth

Lise Roth, PhD
Senior Editor
EMBO Molecular Medicine
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***** Reviewer's comments
Referee #1 (Remarks for Author):

The authors have answered my concerns and this manuscript is ready for the publication.

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

Statistical analyses need to be clarified (technical vs. biological replciates)

Referee #2 (Remarks for Author):

The authors did well in their responses to the Reviewers. | note three points that need to be clarified further.

1) Because of the acute effect of ERRy knock-down or inhibition on cell survival and proliferation, it is very difficult to interpret
the data in vivo as a role for ERRy in metastasis (if cancer cells die or don't proliferate, they won't form metastases). The authors
should be very clear on this point in the manuscript.

2) There is no mention of mycoplasma testing in the cell lines in the Methods. If such tests have not been done, then the authors
should simply state it, but it is important to know as mycoplasma infections could affect the reproducibility of these observations

in other labs.

3) The authors should still specify in the figure legends the number of independent experiments vs. the number of technical
replicates (it is unclear when they write "n=3" if they mean technical triplicates or 3 independent experiments).

Referee #3 (Remarks for Author):

| have no further comment.



2nd Authors' Response to Reviewers 30th Jun 2024

Response to Referees
*hxEX Reviewer's comments *****
Referee #1 (Remarks for Author):

The authors have answered my concerns and this manuscript is ready for the
publication.
Response: We very much appreciate the comments made by this Referee.

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

Statistical analyses need to be clarified (technical vs. biological replicates)
Response: We appreciated your valuable suggestion and clarified the statistical
analyses (technical vs. biological replicates) in the revised figure legends.

Referee #2 (Remarks for Author):

The authors did well in their responses to the Reviewers. | note three points that need
to be clarified further.
Response: We thank the reviewer for his/her positive remarks and valuable comments.

1)=Because of the acute effect of ERRy knock-down or inhibition on cell survival and=
proliferation, it is very difficult to interpret the data in vivo as a role for ERRy in=
metastasis (if cancer cells die or don't proliferate, they won't form metastases). The=
authors should be very clear on this point in the manuscript.

Response: We thank the reviewer’s comment. This is a general issue in the study ef
metastasis. To confirmthe role of ERRy in metastasis in SCLC, we performed=
additional IHC analysis on metastasis marker genes in tumors obtained at the=
experimental endpoint of our tumor metastasis experiments. The results demonstrated=
that the ERRy antagonist DN200434 significantly suppressed the expression of=
metastasis marker genes, including MMP9 and B-catenin, in tumors from both the


http://embomolmed.embopress.org/content/2/9/329

liver metastasis model, where H1048 cells were injected into the spleen, and the lung
metastasis model, where H69AR cells were injected via the tail vein. These data,
combined with our in vitro results on migration and invasion, suggest that while we
cannot exclude the potential influence of DN200434-induced suppression of cell
survival in these experiments, they do indicate the significant role of ERRy in SCLC
metastasis. To clarify this point, we have included a statement in the Results section
of the revised manuscript, specifically under the subheading "ERRy inhibition
suppresses SCLC cell invasion and tumor metastasis both in vitro and in vivo".

2) There is no mention of mycoplasma testing in the cell lines in the Methods. If such
tests have not been done, then the authors should simply state it, but it is important to
know as mycoplasma infections could affect the reproducibility of these observations
in other labs.

Response: Thank you for your kindly reminding. In the Materials and Methods
section of the revised manuscript, we indicated that the cells were authenticated and
tested for mycoplasma contamination.

3) The authors should still specify in the figure legends the number of independent
experiments vs. the number of technical replicates (it is unclear when they write
"n=3" if they mean technical triplicates or 3 independent experiments).

Response: We appreciated your valuable suggestion and specified the number of
independent experiments vs. the number of technical replicates in the revised figure
legends.

Referee #3 (Remarks for Author):

I have no further comment.
Response: We very much appreciate the comments made by this Referee.



- Please note that an ORCID identifier is still missing for Weineng Feng (each
individual has to do it for him/herself, and we can unfortunately not do it on authors'
behalf).

Our response: Prof. Weineng Feng has updated his ORCID identifier. We now
provide his updated ORCID identifiers (ORCID: 0009-0002-1521-5306). | have
verified that the ID appears to be correct and have attached a screenshot for your
reference. Please check and wuse this ORCID identifiers (ORCID:
0009-0002-1521-5306).

- Thank you for resizing the synopsis picture. However, we note that the text is very
small now, could you please provide a version with bigger font?

Our response: Please find the synopsis picture with a bigger font in the attached files.

- Source data: thank you for checking and providing revised files. Please provide an
explanation for these changes. Please also check the source data for figure 2A (H446
cells), and figure 2J/K, where duplications were also found. If changes are needed,
please provide an explanation. Original individual channel pictures are missing for
Figure 6D.

Our response: Thank you for your kindly reminding. We provide our response as
follows.

First: Our explanation for the changes made to the provided revised files: We
sincerely apologize for inadvertently placing the data incorrectly while preparing the
source data. We have carefully examined our original data and made the necessary
corrections.

Second: We have checked the source data for figure 2A (H446 cells) and figure 2J/K.
They are correct, and no changes are needed.

Third: Please find original individual channel pictures of Figure 6D in the attached

files.



2nd Revision - Editorial Decision 9th Jul 2024

9th Jul 2024

Dear Prof. Wang,

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

Your manuscript will be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs prior to
publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and payment

information.

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

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

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

Yours sincerely,
Lise Roth
Lise Roth, Ph.D

Senior Editor
EMBO Molecular Medicine

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



EMBO Press Author Checklist

Corresponding Author Name: Junjian Wang, Weineng Feng, Xiaoyun Lu
Journal Submitted to: EMBO Molecular Medicine
Manuscript Number: #£EMM-2024-19357

Reporting Checklist for Life Science Articles (updated January

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

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: 10.31222/0sf.io/9sm4x). Please follow the journal's guidelines in preparing your

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

Abridged guidelines for figures
1. Data
The data shown in figures should satisfy the following conditions:

— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate

and unbiased manner.

| AR

2. Captions

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

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

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

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.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

-
-
— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
-

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.).

!

!

definitions of statistical methods and measures:

a statement of how many times the experiment shown was independently replicated in the laboratory.

- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;

- are tests one-sided or two-sided?

- are there adjustments for multiple comparisons?

- exact statistical test results, e.g., P values = x but not P values < x;
- definition of ‘center values’ as median or average;

- definition of error bars as s.d. or s.e.m.

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

Materials

Information included in

Newly Created Materials .
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? Yes

Materials and Methods

Information included in

Antibodies 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

Reagents and Tools Table

Information included in

DNA and RNA sequences 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

Reagents and Tools Table

Information included in

Cell materials q
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

and tested for mycoplasma contamination.

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

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

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

Information included in

Experimental animals q
i 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 Yes
OR supplier name, catalog number, clone number, OR RRID.

Materials and Methods

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions. Yes

Materials and Methods

Information included in

Plants and microbes n
the manuscript?

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

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

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

Information included in

Human r rch participan a
uman research participants 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.

Information included in

Core facilities N
the manuscript?

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

If your work benefited from core facilities, was their service mentioned in

the acknowledgments section?

Design



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

Ethics

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.

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

Laboratory protocol

Information included in
the manuscript?

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

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

Experimental study design and statistics

Information included in
the manuscript?

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

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

Yes

Materials and Methods

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

Materials and Methods

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

Materials and Methods

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

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

Materials and Methods

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

Materials and Methods, Figures

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

Figures

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

Yes

Figures

Ethics

Information included in
the manuscript?

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

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

Yes

Materials and Methods

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

the Department of Health and Human Services Belmont Report.

Materials and Methods

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

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

Materials and Methods

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

Materials 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:/h nts.gov/sat/list.htm

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

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

Reporting

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

specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

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

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

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

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

Data 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?

Data Availability Section

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

If publicly available data were reused, provide the respective data citations
in the reference list.

Materials and Methods
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