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14th May 20241st Editorial Decision

Dear Prof. Dang, 

Thank you for the submission of your manuscript to EMBO reports. We have now received the comments from 2 referees that
are pasted below. 

As you will see, the referees acknowledge that the findings are potentially interesting. However, referee 1 points out that it
remains to be demonstrated whether Gpr54 acts in the dermal papilla or in the HFSC themselves. This is an important concern
that should be addressed. Both referees also raise several technical issues that need to be addressed. Please let me know if
you have any comments or questions regarding the revisions and we can discuss this further, also in a video chat, if you like. 

I would thus like to invite you to revise your manuscript with the understanding that the referee concerns must be fully addressed
and their suggestions taken on board. Please address all referee concerns in a complete point-by-point response. Acceptance of
the manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round
of major revision only and acceptance or rejection of the manuscript will therefore depend on the completeness of your
responses included in the next, final version of the manuscript.

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (14th Aug 2024). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review. Your manuscript will FAIL
this control and the handling will be DELAYED if the following APPLIES: 
1) A data availability section providing access to data deposited in public databases is missing. If you have not deposited any
data, please add a sentence to the data availability section that explains that.
2) Your manuscript contains statistics and error bars based on n=2. Please use scatter blots in these cases. No statistics should
be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below. Failure to include requested
items will delay the evaluation of your revision.

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). See https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf for more info on how to prepare your figures.

3) 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. See detailed instructions regarding expanded view here:
<https://www.embopress.org/page/journal/14693178/authorguide#expandedview>

- 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.

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/14693178/authorguide>. 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 (<https://orcid.org/>). Please find instructions on how to link your ORCID ID to your account in our manuscript
tracking system in our Author guidelines
<https://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>



7) Before submitting your revision, primary datasets produced in this study need to be deposited in an appropriate public
database (see https://www.embopress.org/page/journal/14693178/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 & Method (see also
https://www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please note that the Data Availability Section
is restricted to new primary data that are part of this study. * Note - All links should resolve to a page where the data can be
accessed. *
If your study has not produced novel datasets, please mention this fact in the Data Availability Section.

8) At EMBO Press we ask authors to provide source data for the main manuscript 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. 

9) Our journal also 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 https://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) Regarding data quantification (see Figure Legends:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat)

The following points must be specified in each figure legend:

- the name of the statistical test used to generate error bars and P values,

- the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point,

- the nature of the bars and error bars (s.d., s.e.m.),

- If the data are obtained from n<2, use scatter blots showing the individual data points.

Discussion of statistical methodology can be reported in the materials and methods section, but figure legends should contain a 
basic description of n, P and the test applied.

- Please also include scale bars in all microscopy images.

11) The journal requires a statement specifying whether or not authors have competing interests (defined as all potential or 
actual interests that could be perceived to influence the presentation or interpretation of an article). In case of competing 
interests, this must be specified in your disclosure statement. Further information: https://www.embopress.org/competing-
interests

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,

Esther Schnapp, PhD
Senior Editor
EMBO reports



Referee #1:

Summary :
In this manuscript by Xia and Wang et al., the authors identified a novel axis of Gpr54-Nfatc3-SFRP1-Wnt signaling and
attempted to demonstrate its role in regulation of quiescence of hair follicle stem cells (HFSCs) in vivo. Functions of Gpr54 and
Nfatc3 isoform in HFSC biology were completely unknown before, and therefore, authors findings of involvement of Gpr54-
Nfatc3-Sfrp1 in maintenance of HFSC quiescence advances our understanding of quiescence mechanisms used by adult stem
cells such as HFSC. Authors used Gpr54 whole body knockout mice along with invitro cultures of dermal papillae cells (DPCs)
and hair follicles to investigate effect of Gpr54 deletion on hair cycle and hair follicle regeneration. Through H&E analysis of skin
tissue sections, they showed that Gpr54 KO mice hair follicles cycle faster than the WT mice. Further, authors also performed
mechanistic study using DPC culture system and showed that the Gpr54 deletion leads to reduced level of a Wnt inhibitor
SFRP1, and thereby activates Wnt signaling. As expected, increased Wnt signaling activity further led to faster hair cycling and
accelerated hair follicle regeneration followed by depilation. In summary, authors revealed previously unknown functions of
Gpr54 and Nfatc3, and demonstrated that they function through previously known SFRP1-Wnt signaling axis in controlling hair
follicle cycling. However, I felt that some of the conclusions were not completely supported by the presented data and the
manuscript lacks detailed description of the experiments and coherent connections between different sections. Importantly, the
claim of precocious HFSC activation through signaling from DPCs, and not through HFSC autonomous effect is not completely
convincing since author used whole body knockout mouse model. Below are my comments that may help authors to improve
their manuscript. 

Major comments :
1. In the entire study, the authors focused on investigating hair cycle promoting effect of Gpr54 deletion through dermal papilla
cells (DPCs) and did not provide enough evidence or explanation for why Gpr54 deletion in HFSCs themselves is not sufficient
to develop the observed phenotype. Importantly, all the components that authors studied here do very well express in HFSCs,
including Grp54, Nftac3, Sfrp1 (https://doi.org/10.1073/pnas.1601599113, DOI: 10.1126/science.1092436). Also, cell
autonomous effect of Wnt signaling inhibitors have been well documented in activation of HFSCs and hair cycle progression. In
fact, the authors own data shows that expression of NFATC3 in the hair follicle bulge compartment is stronger than in the
dermal papilla in WT (Fig 4B), and therefore, there is a possibility that deletion of Gpr54 in HFSCs is sufficient to activate them
precociously and develop the observed phenotype, and may not require abnormal signaling from dermal papillae cells. Ideally,
authors need to employ conditional knockout mice to ablate Gpr54 only in HFSCs or DPC, but since it may not be feasible now,
authors should at least provide thorough explanations and revise their conclusions wherever possible, including modifying the
summary Fig 8.
2. Author's explanation of accelerated hair cycle doesn't match with the data presented in Fig 2. They mentioned that "Gpr54 KO
mouse hair follicles quickly entered into the second anagen growth phase at P23 while WT mice remained in the first telogen at
P25 in both male and female (Fig.2A)". However, images presented for P25 in Fig 2A clearly shows that WT follicles are in Ana
III and not in the telogen. Also, C57BL6 mice are known to enter in anagen by P23. To demonstrate normal initiation of hair cycle
in WT, as well as precocious activation of hair cycle in KO, authors need to perform comparative study of Ki67 staining in both
WT and KO tissues at least at PD21, PD23 and PD25.
3. The authors have cultured the DPCs from vibrissae and have used them in all of their in vitro experiments (Based on the
materials and methods). The authors cannot use the results from vibrissae DPCs to draw conclusions on back skin hair as both
hair types are quite different in their physiology and cycling patterns. Further, αSMA is not known to express in DPCs. However,
the authors show its expression in Fig 3D. This clearly shows that the cultured DPCs are possibly contaminated by other cell
types like dermal sheath cells.
4. Authors should draw conclusions very carefully and consider revising some of their current conclusions. For instance, how
does Cyclosporine mediated inhibition of Nfatc3 translocation into the nucleus of WT cells support the conclusion that Gpr54
regulates the activity of Nfatc3 through calcineurin? There is no involvement of Gpr54 in this inhibition experiment in Fig 4F.
5. As mentioned in Comment 1, Sfrp1 is expressed in HFSCs as well apart from DP. In fact, SFRP1 expression is higher in
HFSCs in comparison to DP during telogen and loss of SFRP1 in HFSCs was previously shown to enhance HFSCs proliferation
(Sunkara R. et al. Stem Cells, 2022). The authors should provide clear experimental evidence on how the loss of GRP54 only in
DP affects HFSC proliferation through the loss of SFRP1 within DP or they should consider the possibility of precocious
activation of HFSCs through the loss of Sfrp1 within them.
6. Did authors consider the same stage of hair follicle cycle of WT and KO mice for their FACS and cell cycle analysis in Fig 6?
Or they used the same postnatal age? Again, there are no proper experimental details, so it's difficult to understand and interpret
the data properly. If the authors had used the same postnatal day, then the changes in HFSC numbers and cell cycle profile
would be obvious because HFs of WT and KO would be different stages as KO hair follicles cycle faster (Fig 2), and therefore,
stem cell numbers could be different because of different hair cycle stage, but not because of the effect of Gpr54 deletion. To
conclude the effect of Gpr54 deletion on stem cell numbers, authors need to perform these analyses at the same stage of the
hair follicle cycle of WT and KO mice, and not at the same age (PD).

Minor comments :
1. Differential expression of Gpr54 in different compartments of hair follicle is not clearly visible due to low resolution images in
Fig 1A. Higher magnification images would help visualize different levels of Gpr54 in hair follicle bulge vs hair germ and dermal



papillae.
2. In Fig 1B, it is not clear from which cells the RNA was isolated. Is it from total skin or sorted DPCs or cultured DPCs? Please
provide details of cell-type/tissue used in result section before concluding the results. Also, it's not clear how the stages were
compared for calculating the significance in the graph, authors may consider using horizontal line above bars being compared,
as they have done in some of their plots.
3. Again, there is no details of source and body part of human tissue used in Fig 1C. Also, tissue integrity seems to be
compromised since there is no visible dermis region in the presented IF images.
4. Please transform images to show hair follicles in the same orientation in all images for better visualization. Scale bars are not
visible properly.
5. Cartoon presented in supplementary Fig 1A to show comparative hair growth in WT and KO is not correct. WT mice are
known to be in mid-anagen by P28, and authors own data presented in Fig 2A shows that WT mice are in anagen III by P25.
However, the cartoon shows telogen until P28. Labelling for other stages requires corrections as well.
6. There is no explanation of transplantation assay in methods section. Did authors transplant shaved or depilated back skin at
P21? Data presented in Fig 2C; D are after how many days of transplantation? The Y-axis of the relative length of HF in Fig 2D
should be corrected as the HFs shown in Fig 2C do not appear to be 50mm/5cm.
7. Fig 2D citation is missing in the text.
8. Data presented in Figure 3D and 3E is not matching with their explanation in the text.
9. Fig 4B and 4F - scale bars are missing.
10. How did the authors measure calcineurin activity in Fig 4D?
11. Authors claim that "NFATc3 is abundantly distributed in the DP region of mouse hair follicles (Fig. 4B)". However, the
expression of Nfatc3 in comparatively weaker in DP as compared to bulge. Author should consider revising the statement.
12. The IF staining pattern of SFRP1 in Fig 5E is not convincing. Shouldn't it be localized in cytoplasm and membrane, instead
of in the nucleus?
13. Authors conclusion of increase hair follicle stem cells in KO mice through FACS analysis is not very well supported by their
data. Authors need to calculate and compare the number of stem cells per follicle by IF staining to support their FACS data
since the difference in stem cell numbers between WT and KO in their FACS data is marginal.
14. Check Y-axis title text of Fig 7D.
15. As mentioned in the major comments, there is a strong possibility of cell autonomous effect of Gpr54 deletion on HFSCs, so
authors should consider revising their summary Fig 8 accordingly.

Referee #2:

In this manuscript, Xia et al investigate the role of Kisspeptin Receptor, GPR54, in homeostatic hair cycling as well as hair
growth. First, using a GPR54 whole-body knockout mouse (GPR54-KO), they show that KO mice undergo a more rapid telogen-
to-anagen transition following depilation. Transplants of mutant skin into nude mice were used to conclude that systemic effects
(hormones, immune factors) do not underlie this phenotype. Using a combination of in vivo and in vitro approaches, the authors
argue that GRP54 is particularly active in dermal papilla cells. Mechanistically, they claim that NFATc3 activity is regulated
downstream of GPR54, with loss of GRP54 preventing NFATc3 from entering the nucleus to influence levels of the Wnt inhibitor
SFRP1. Therefore, in GPR54-KO mice, the suppression of the Wnt pathway via the Frizzled receptor is ameliorated, potentially
leading to enhanced paracrine signalling from dermal papilla cells to hair follicle stem cells. Finally, they show that the GPR54
inhibitor KP234 can increase hair growth rate in vitro as well as in vivo following depilation.

The central finding, that GPR54 can regulate rates of hair growth, is novel, and the efficacy of the KP234 inhibitor in modulating
hair growth in vivo is intriguing. However, there are several significant issues with the data presented here that will need to be
addressed before the paper is suitable for publication.

Major concerns:

1. The authors make several conclusions about the mechanism of action of GPR54 based on its staining pattern in the hair
follicle and associated stroma. However, the staining in general is of low quality and appears variable between figures. It is
essential that the authors validate the specificity of their GPR54 antibody by staining GPR54 KO skin tissue. This should be
feasible given that the mutant mice are already on hand. Additionally, any specific claims about which cell populations express
GPR54 should be accompanied by quantification of co-localization between GPR54 and specific markers for bulge, hair germ,
etc (eg. what % of CD34+ and CD34- cells are GPR54 positive in Figure 6?)

2. The changes in GPR54 levels during hair follicle stages are hard to understand. In Figure 1A, the levels of GRP54 protein
appear to be lower in general in every cell in the section. QPCR seems to have been performed on whole skin, of which hair
follicle cells would only be a small proportion, suggesting that there could indeed be global changes. First: can the authors
provide quantification for 1A to demonstrate that the lower signal in anagen is not just an artifact of staining or imaging
conditions between slides? Second: how do the authors interpret these apparently very broad tissue-wide changes, given that
they mainly focus on the role of GPR24 in DP cells?



3. The explant experiments are not sufficient to rule out effects from other cell types. The staining in Figure 1A indicates that
GPR54 is expressed broadly in the stroma, which would be transplanted along with the follicles. The authors should soften their
interpretation that the phenotype in the global knockout mice is due solely or mainly to effects in the follicle or DP. Also,
histology and quantification of explanted hair follicles should be provided.

4. Along these lines, the authors should provide some evidence that the molecular mechanisms observed in vitro also occur in
vivo. Are levels of versican and SMA increased in the DP cells of KO mice in vivo? Are levels of Wnt signaling (as indicated by
nuclear Beta catenin, etc) increased in DP cells or hair follicle cells in vivo?

5. The authors propose that loss of GPR24 causes decreased calcineurin activation, which results in increased phosphorylation
and nuclear sequestration of NFATc. Based on the results shown in vitro in Figure 4E, wouldn't immunostaining of GPR24 KO
hair follicles be expected to show an altered subcellular distribution of NFATc3 protein as opposed to the almost complete lack
of signal shown in Figure 4B? How do the authors explain this?

6. Quantification should be provided for the staining levels of SMP and versican in Figure 3C&D, and the Western blots in 3E
and 5B and D.

7. How was KP234 administered to the mice? There is no information on this in the Methods.

8. The manuscript is severely under-referenced. Among others, statements in the introduction about the growth factors secreted
by DP cells (paragraph 1), hair follicle cycling (paragraph 1), GPR54 expression patterns (paragraph 2), roles of GPR24 in
puberty (paragraph 2) and mention of the Hair-GEL tool (paragraph 2) should all be referenced.

Minor concerns:

1. There are typos throughout, including in labels for many of the figures.

2. Information on the genetic background of the GPR24 KO mice should be provided in the methods.
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Responses to reviewers 

Dear reviewers, 

Thank you for raising the insightful comments for our manuscript. We have 

performed additional experiments and included the new data in this revision. We have 

also carefully revised the manuscript text according to the suggestions. Below are 

point-to-point responses from us. 

Table 1: Figure changes 

Figures Changes 

Figure 1A Improved the quality 

Figure 1C Deleted 

Figure 5D Deleted 

Figure 8   Revised 

Supplemental Figure 1A Added 

Supplemental Figure 1B Added 

Supplemental Figure 1A-C   Renumbered as Supplemental Figure 1C-E 

Supplemental Figure 2A-D    Added 

Supplemental Figure 2A-D Renumbered as Supplemental Figure 

3A-D 

Supplemental Figure 4A-C   Added 

Supplemental Figure 5A-C    Added 

Referee #1: 

In this manuscript by Xia and Wang et al., the authors identified a novel axis of 

Gpr54-Nfatc3-SFRP1-Wnt signaling and attempted to demonstrate its role in regulation of 

quiescence of hair follicle stem cells (HFSCs) in vivo. Functions of Gpr54 and Nfatc3 isoform in 

HFSC biology were completely unknown before, and therefore, authors findings of involvement 

of Gpr54-Nfatc3-Sfrp1 in maintenance of HFSC quiescence advances our understanding of 

quiescence mechanisms used by adult stem cells such as HFSC. Authors used Gpr54 whole body 

knockout mice along with invitro cultures of dermal papillae cells (DPCs) and hair follicles to 

investigate effect of Gpr54 deletion on hair cycle and hair follicle regeneration. Through H&E 

analysis of skin tissue sections, they showed that Gpr54 KO mice hair follicles cycle faster than 

the WT mice. Further, authors also performed mechanistic study using DPC culture system and 

9th Aug 20241st Authors' Response to Reviewers
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showed that the Gpr54 deletion leads to reduced level of a Wnt inhibitor SFRP1, and thereby 

activates Wnt signaling. As expected, increased Wnt signaling activity further led to faster hair 

cycling and accelerated hair follicle regeneration followed by depilation. In summary, authors 

revealed previously unknown functions of Gpr54 and Nfatc3, and demonstrated that they function 

through previously known SFRP1-Wnt signaling axis in controlling hair follicle cycling. However, 

I felt that some of the conclusions were not completely supported by the presented data and the 

manuscript lacks detailed description of the experiments and coherent connections between 

different sections. Importantly, the claim of precocious HFSC activation through signaling from 

DPCs, and not through HFSC autonomous effect is not completely convincing since author used 

whole body knockout mouse model. Below are my comments that may help authors to improve 

their manuscript. 

Major comments : 

1. In the entire study, the authors focused on investigating hair cycle promoting effect of Gpr54

deletion through dermal papilla cells (DPCs) and did not provide enough evidence or explanation 

for why Gpr54 deletion in HFSCs themselves is not sufficient to develop the observed phenotype. 

Importantly, all the components that authors studied here do very well express in HFSCs, 

including Grp54, Nftac3, Sfrp1 (https://doi.org/10.1073/pnas.1601599113, DOI: 

10.1126/science.1092436). Also, cell autonomous effect of Wnt signaling inhibitors have been 

well documented in activation of HFSCs and hair cycle progression. In fact, the authors own data 

shows that expression of NFATC3 in the hair follicle bulge compartment is stronger than in the 

dermal papilla in WT (Fig 4B), and therefore, there is a possibility that deletion of Gpr54 in 

HFSCs is sufficient to activate them precociously and develop the observed phenotype, and may 

not require abnormal signaling from dermal papillae cells. Ideally, authors need to employ 

conditional knockout mice to ablate Gpr54 only in HFSCs or DPC, but since it may not be feasible 

now, authors should at least provide thorough explanations and revise their conclusions wherever 

possible, including modifying the summary Fig 8. 

Answer: It is a good suggestion. Indeed, the expression of NFATC3 in the hair follicle bulge 

compartment is stronger in WT hair follicles that the KO ones, indicating deletion of Gpr54 in 

HFSCs can also directly activate HSFCs. We had revised the related conclusion and modified 

Figure 8 according the suggestion. 

2. Author's explanation of accelerated hair cycle doesn't match with the data presented in Fig 2.

They mentioned that "Gpr54 KO mouse hair follicles quickly entered into the second anagen 

growth phase at P23 while WT mice remained in the first telogen at P25 in both male and female 

(Fig.2A)". However, images presented for P25 in Fig 2A clearly shows that WT follicles are in 

Ana III and not in the telogen. Also, C57BL6 mice are known to enter in anagen by P23. To 

demonstrate normal initiation of hair cycle in WT, as well as precocious activation of hair cycle in 

KO, authors need to perform comparative study of Ki67 staining in both WT and KO tissues at 

least at PD21, PD23 and PD25. 

Answer: Thank you for the suggestion. We had changed "Gpr54 KO mouse hair follicles quickly 

entered into the second anagen growth phase at P23 while WT mice remained in the first telogen 

at P25 in both male and female (Fig.2A)" by " Gpr54 KO mouse hair follicles rapidly progressed 

to the second anagen VI phase by P25 while WT mice remained in the anagen III phase in both 

https://doi.org/10.1073/pnas.1601599113
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males and females (Fig. 2A)." In addition, we conducted an immunofluorescence experiment to 

examine the differential expression of Ki67 in GPR54 WT and KO mice according to the 

suggestion. Consistently, the results indicated that, at 23 days, the number of Ki67-positive cells in 

the hair follicles of KO mice was higher than that in WT mice. At 25 days, the number of 

Ki67-positive cells in the hair bulb was significantly higher in KO mice than in WT mice 

(Supplemental Figure 1B). 

3. The authors have cultured the DPCs from vibrissae and have used them in all of their in vitro

experiments (Based on the materials and methods). The authors cannot use the results from 

vibrissae DPCs to draw conclusions on back skin hair as both hair types are quite different in their 

physiology and cycling patterns. Further, αSMA is not known to express in DPCs. However, the 

authors show its expression in Fig 3D. This clearly shows that the cultured DPCs are possibly 

contaminated by other cell types like dermal sheath cells. 

Answer: Although the functions of vibrissae and back skin hair follicles differ, the cell types 

within these follicles, such as dermal papilla cells and matrix cells, exhibit similar functional 

characteristics and biological behaviors. This similarity allows the study of cellular processes in 

vibrissae follicles to provide insights into understanding other types of hair follicles. Additionally, 

we have conducted some studies on back skin hair follicles using immunofluorescence techniques 

(Figure 3,4 and supplemental Figure 1,2,4,5) to validate the results obtained from vibrissae 

follicles. They are consistent. Indeed, SMA is not known to be expressed in DPCs, whereas ALP 

and versican are recognized markers for DPC cells and can replace αSMA. Therefore, we have 

removed Figure 3D.  

4. Authors should draw conclusions very carefully and consider revising some of their current

conclusions. For instance, how does Cyclosporine mediated inhibition of Nfatc3 translocation into 

the nucleus of WT cells support the conclusion that Gpr54 regulates the activity of Nfatc3 through 

calcineurin? There is no involvement of Gpr54 in this inhibition experiment in Fig 4F. 

Answer: We had deleted the conclusion that Gpr54 regulates the activity of Nfatc3 through 

calcineurin in Results according to the suggestion. 

5. As mentioned in Comment 1, Sfrp1 is expressed in HFSCs as well apart from DP. In fact,

SFRP1 expression is higher in HFSCs in comparison to DP during telogen and loss of SFRP1 in 

HFSCs was previously shown to enhance HFSCs proliferation (Sunkara R. et al. Stem Cells, 

2022). The authors should provide clear experimental evidence on how the loss of GRP54 only in 

DP affects HFSC proliferation through the loss of SFRP1 within DP or they should consider the 

possibility of precocious activation of HFSCs through the loss of Sfrp1 within them. 

Answer: It is a good suggestion. We found that the content of NFATC3 in HFSC cells was 

significantly lower in Gpr54 KO mice compared to WT mice, indicating Gpr54 deletion may 

directly activate HFSCs by inhibiting SFRP1. Therefore, the possibility cannot exclude that 

SFRP1 plays an important direct role in hair follicle stem cells. We have revised the relevant 

conclusions accordingly.  

6. Did authors consider the same stage of hair follicle cycle of WT and KO mice for their FACS

and cell cycle analysis in Fig 6? Or they used the same postnatal age? Again, there are no proper 
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experimental details, so it's difficult to understand and interpret the data properly. If the authors 

had used the same postnatal day, then the changes in HFSC numbers and cell cycle profile would 

be obvious because HFs of WT and KO would be different stages as KO hair follicles cycle faster 

(Fig 2), and therefore, stem cell numbers could be different because of different hair cycle stage, 

but not because of the effect of Gpr54 deletion. To conclude the effect of Gpr54 deletion on stem 

cell numbers, authors need to perform these analyses at the same stage of the hair follicle cycle of 

WT and KO mice, and not at the same age (PD). 

Answer: As shown in Figure 2A, WT and KO mice are at the same hair cycle stage on postnatal 

day 19. To eliminate the interference of different hair cycles on the results, we thus chose to 

perform flow cytometric evaluation of the quantity of CD34+ and integrin α6+ cells in the hair 

follicles from Gpr54 WT and KO mice on postnatal day 19. Therefore, in Figures 6B and 6C, WT 

and KO mice are at the same hair cycle stage. 

Minor comments : 

1. Differential expression of Gpr54 in different compartments of hair follicle is not clearly visible

due to low resolution images in Fig 1A. Higher magnification images would help visualize 

different levels of Gpr54 in hair follicle bulge vs hair germ and dermal papillae. 

Answer: We had replaced the original images by higher magnification ones in Figure 1A. 

2. In Fig 1B, it is not clear from which cells the RNA was isolated. Is it from total skin or sorted

DPCs or cultured DPCs? Please provide details of cell-type/tissue used in result section before 

concluding the results. Also, it's not clear how the stages were compared for calculating the 

significance in the graph, authors may consider using horizontal line above bars being compared, 

as they have done in some of their plots. 

Answer: In Figure 1B, the RNA was isolated from the total skin. We had added the horizontal line 

above bars being compared in Figure 1B according to the suggestions. 

3. Again, there is no details of source and body part of human tissue used in Fig 1C. Also, tissue

integrity seems to be compromised since there is no visible dermis region in the presented IF 

images. 

Answer: It is a good suggestion. Indeed, we also found that the human hair follicle in Figure 1C is 

not very complete, so we have deleted the related results and conclusions. 

4. Please transform images to show hair follicles in the same orientation in all images for better

visualization. Scale bars are not visible properly. 

Answer: We had transformed images to make hair follicles in the same orientation according to 

the suggestions. 

5. Cartoon presented in supplementary Fig 1A to show comparative hair growth in WT and KO is

not correct. WT mice are known to be in mid-anagen by P28, and authors own data presented in 

Fig 2A shows that WT mice are in anagen III by P25. However, the cartoon shows telogen until 

P28. Labelling for other stages requires corrections as well. 

Answer: We had corrected the cartoon in the original supplementary Fig 1A (renumbered as 

supplementary Fig 1C) to make it consistent with the results of HE staining. 
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6. There is no explanation of transplantation assay in methods section. Did authors transplant

shaved or depilated back skin at P21? Data presented in Fig 2C; D are after how many days of 

transplantation? The Y-axis of the relative length of HF in Fig 2D should be corrected as the HFs 

shown in Fig 2C do not appear to be 50mm/5cm. 

Answer: Thank you for your suggestion. We had added the transplantation assay in methods 

section. The dorsal hair was shaved at P19. The hair growth was observed at 7 days after 

transplantation. We also corrected the Y-axis of the relative length of HF in Fig 2D. 

7. Fig 2D citation is missing in the text.

Answer: We had added the citation of Figure 2D in the Results. 

8. Data presented in Figure 3D and 3E is not matching with their explanation in the text.

Answer: We had corrected the citation for Figure 3D and 3E. 

9. Fig 4B and 4F - scale bars are missing.

Answer: We had added the scale bars in Figure 4B and 4F 

10. How did the authors measure calcineurin activity in Fig 4D?

Answer: We had added the details of calcineurin activity measurement in Materials and Methods. 

11. Authors claim that "NFATc3 is abundantly distributed in the DP region of mouse hair follicles

(Fig. 4B)". However, the expression of Nfatc3 in comparatively weaker in DP as compared to 

bulge. Author should consider revising the statement. 

Answer: We had replaced the sentence "NFATc3 is abundantly distributed in the DP region of 

mouse hair follicles (Fig. 4B)" by "NFATc3 is abundantly distributed in the DP and bulge region 

of mouse hair follicles (Fig. 4B)". 

12. The IF staining pattern of SFRP1 in Fig 5E is not convincing. Shouldn't it be localized in

cytoplasm and membrane, instead of in the nucleus? 

Answer: Indeed, SFRP1 is localized in both the cytoplasm and membrane in DPCs as shown in 

Figure 5E. Due to the small size of the images, it was difficult to observe this clearly. Therefore, 

we performed immunofluorescent staining of SFRP1 again to obtain high-magnification images 

(Supplemental Figure 5A). The results further confirmed that SFRP1 is localized in both the 

cytoplasm and membrane in DPCs. 

13. Authors conclusion of increase hair follicle stem cells in KO mice through FACS analysis is

not very well supported by their data. Authors need to calculate and compare the number of stem 

cells per follicle by IF staining to support their FACS data since the difference in stem cell 

numbers between WT and KO in their FACS data is marginal. 

Answer: We added an immunofluorescence staining experiment for the stem cell marker CD34 as 

suggested. The results showed that CD34 expression levels were higher in knockout (KO) mice 

compared to wild-type (WT) mice (Supplemental Figure 5C), which is consistent with the flow 

cytometry (FACS) findings. 
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14. Check Y-axis title text of Fig 7D.

Answer: We had revised Y-axis title text of Fig 7D. 

15. As mentioned in the major comments, there is a strong possibility of cell autonomous effect of

Gpr54 deletion on HFSCs, so authors should consider revising their summary Fig 8 accordingly. 

Answer: It is a good suggestion. We had corrected the summary for Figure 8. 

Referee #2: 

In this manuscript, Xia et al investigate the role of Kisspeptin Receptor, GPR54, in homeostatic 

hair cycling as well as hair growth. First, using a GPR54 whole-body knockout mouse 

(GPR54-KO), they show that KO mice undergo a more rapid telogen-to-anagen transition 

following depilation. Transplants of mutant skin into nude mice were used to conclude that 

systemic effects (hormones, immune factors) do not underlie this phenotype. Using a combination 

of in vivo and in vitro approaches, the authors argue that GRP54 is particularly active in dermal 

papilla cells. Mechanistically, they claim that NFATc3 activity is regulated downstream of GPR54, 

with loss of GRP54 preventing NFATc3 from entering the nucleus to influence levels of the Wnt 

inhibitor SFRP1. Therefore, in GPR54-KO mice, the suppression of the Wnt pathway via the 

Frizzled receptor is ameliorated, potentially leading to enhanced paracrine signalling from dermal 

papilla cells to hair follicle stem cells. Finally, they show that the GPR54 inhibitor KP234 can 

increase hair growth rate in vitro as well as in vivo following depilation. 

The central finding, that GPR54 can regulate rates of hair growth, is novel, and the efficacy of the 

KP234 inhibitor in modulating hair growth in vivo is intriguing. However, there are several 

significant issues with the data presented here that will need to be addressed before the paper is 

suitable for publication. 

Major concerns: 

1. The authors make several conclusions about the mechanism of action of GPR54 based on its

staining pattern in the hair follicle and associated stroma. However, the staining in general is of 

low quality and appears variable between figures. It is essential that the authors validate the 

specificity of their GPR54 antibody by staining GPR54 KO skin tissue. This should be feasible 

given that the mutant mice are already on hand. Additionally, any specific claims about which cell 

populations express GPR54 should be accompanied by quantification of co-localization between 

GPR54 and specific markers for bulge, hair germ, etc (eg. what % of CD34+ and CD34- cells are 

GPR54 positive in Figure 6?) 

Answer: We had added the results of immunofluorescent staining in GPR54 KO skin tissue and 

validate that the specificity of GPR54 antibody is OK (Supplemental Figure 1A). Due to the 

directional nature of hair follicles, it is challenging to obtain completely consistent hair follicles in 

sections of mouse skin. Some structures of certain hair follicles may not be fully visible. Therefore, 

it is difficult for us to precisely make the quantitative analysis data for the colocalization of Gpr54 

and CD34. 

2. The changes in GPR54 levels during hair follicle stages are hard to understand. In Figure 1A,
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the levels of GRP54 protein appear to be lower in general in every cell in the section. QPCR 

seems to have been performed on whole skin, of which hair follicle cells would only be a small 

proportion, suggesting that there could indeed be global changes. First: can the authors provide 

quantification for 1A to demonstrate that the lower signal in anagen is not just an artifact of 

staining or imaging conditions between slides? Second: how do the authors interpret these 

apparently very broad tissue-wide changes, given that they mainly focus on the role of GPR24 in 

DP cells? 

Answer: Thank you for the suggestion. We apologize for the difficulty in conducting precise 

quantitative analysis due to the varying morphology of each hair follicle in the images. Indeed, we 

found that GPR54 is distributed in both the DP and the bulge regions. Although GPR54 plays an 

important role in DPC cells, its role in HFSCs cannot be ignored or excluded, so we have revised 

the related conclusions and Figure 8 as well as its summary in this manuscript. 

3. The explant experiments are not sufficient to rule out effects from other cell types. The staining

in Figure 1A indicates that GPR54 is expressed broadly in the stroma, which would be 

transplanted along with the follicles. The authors should soften their interpretation that the 

phenotype in the global knockout mice is due solely or mainly to effects in the follicle or DP. Also, 

histology and quantification of explanted hair follicles should be provided. 

Answer: It is a good suggestion. We had revised conclusion that the phenotype in the global 

knockout mice is mainly to effects in the follicle or DP. Moreover, we had added the results of 

histology and quantification of explanted hair follicles (Supplemental Figure 2A and 2B). 

4. Along these lines, the authors should provide some evidence that the molecular mechanisms

observed in vitro also occur in vivo. Are levels of versican and SMA increased in the DP cells of 

KO mice in vivo? Are levels of Wnt signaling (as indicated by nuclear Beta catenin, etc) increased 

in DP cells or hair follicle cells in vivo? 

Answer: We had added the results of versican increased in the DP cells of KO mice in vivo 

(Supplemental Figure 2D). Considering SMA is not known to be expressed in DPCs while ALP is 

a recognized marker for DPC cells and can replace αSMA. Therefore, we have removed Figure 

3D. Moreover, we also increased the results of β-catenin in hair follicle cells in vivo 

(Supplemental Figure 4C). 

5. The authors propose that loss of GPR54 causes decreased calcineurin activation, which results

in increased phosphorylation and nuclear sequestration of NFATc. Based on the results shown in 

vitro in Figure 4E, wouldn't immunostaining of GPR54 KO hair follicles be expected to show an 

altered subcellular distribution of NFATc3 protein as opposed to the almost complete lack of 

signal shown in Figure 4B? How do the authors explain this? 

Answer: Due to the changes in the hair cycle phases of anagen, catagen, and telogen, the state of 

DP cells may vary at different time. We speculate that NFATc3 is a short-lived protein and the 

NFATc3 phosphorylation (P-NFATc3) may promote its degradation, which could explain the faint 

staining observed in Figure 4B. We have included a description of this possibility in the discussion 

of our manuscript. 

6. Quantification should be provided for the staining levels of SMP and versican in Figure 3C&D,
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and the Western blots in 5B and D. 

Answer: We had added the quantifications for the staining levels of ALP and versican in Figure 

3B and 3C (Supplemental Figure 2C). The results of SMP staining were removed according to the 

suggestions. In addition, we also added the quantifications for the Western blots in 5B and 5D 

(Supplemental Figure 4A and 4B). 

7. How was KP234 administered to the mice? There is no information on this in the Methods.

Answer: KP234 was administered subcutaneously. We had added the information in Methods. 

8. The manuscript is severely under-referenced. Among others, statements in the introduction

about the growth factors secreted by DP cells (paragraph 1), hair follicle cycling (paragraph 1), 

GPR54 expression patterns (paragraph 2), roles of GPR24 in puberty (paragraph 2) and mention 

of the Hair-GEL tool (paragraph 2) should all be referenced. 

Answer: We had added the references according to the suggestions. 

Minor concerns: 

1. There are typos throughout, including in labels for many of the figures.

Answer: We had carefully revised the type errors in all this manuscript. 

2. Information on the genetic background of the GPR54 KO mice should be provided in the

methods. 

Answer: We had added the background of the GPR54 KO mice in the methods. 

Best regards 

Sincerely 

Yongyan Dang 



Image Revision Explanation 

Dear Editor, 

We sincerely apologize for the error that occurred during the image compilation process due to the 

large number of HE images, with different authors handling various images. As a result, a mistake 

was made during the final integration. We have now replaced the misused skin hair follicle image 

of WT mice in the catagen phase in Figure S.1D with a new image (the file date is the same as that 

of the KO mice image) in Page 9. 

We deeply regret any inconvenience this may have caused. We would greatly appreciate your 

understanding in this matter. 

Thank you very much for your patience. 

Sincerely, 

Yongyan Dang, PhD 



24th Oct 20241st Revision - Editorial Decision

Dear Prof. Dang, 

Thank you for the submission of your revised manuscript. We have now received the enclosed reports from the referees. Both
referees still have a few more suggestions that I would like you to address and incorporate before we can proceed with the
official acceptance of your manuscript. Please co-submit a ms with track changes to ease its assessment and a detailed point-
by-point response. 

A few editorial requests will also need to be addressed: 

- Please add a DATA AVAILABILITY SECTION (DAS) to the end of the Methods. The DAS should list access to data generated
in this study and deposited in public databases. If you have not deposited any data, please add a sentence to the DAS that
explains that. The question about the DAS in the author checklist also needs to be answered.

- Please remove the author credits from the ms file. All credits need to be entered during online ms submission.

- Please correct the conflict of interest subheading to "Disclosure and Competing Interest Statement".

- The supplemental table 1 can be part of the Reagents and Tools table that needs to be added to the ms files. This table should
list key reagents, experimental models, software and relevant equipment and including their sources and relevant identifiers. A
downloadable templates (.docx) for the Reagents and Tools Table can be found in our author guidelines: <
https://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation>

- The suppl. figure legends are in fact EV figure legends and need to be removed from the current file and added to the
manuscript file, after the main figure legends and under the heading "Expanded View Figure Legends". The nomenclature and
ms callouts should be corrected to "Figure EV1" - "Figure EV5".

- For the main figures, source data (SD) need to be uploaded as 1 (zipped) folder per main figure. The SD checklist needs to be
completed. The SD for all EV figures need to be zipped into one single folder.

- There is a callout for Fig 3E but that panel is not in the figure or legend.

- The correct order of the manuscript's section is: Abstract / Introduction / Results / Discussion / Methods / Acknowledgements /
Disclosure and competing interests statement / References / Figure legends / Expanded View Figure legends

1. Please note that figure 5c does not describe the bar graph in the corresponding legend. This needs to be rectified.

2. Please list the exact p values in the legends of figures 1b; 2e; 3d; 4a, c-d, f; 5a, c, e; 6b-d; 7b, d, supplementary figures 2c;
3d; 4a, c; 5b as reasonable.

3. Although 'n' is provided, please describe the nature of entity for 'n' in the legend of figure 7b.

- Please re-write the abstract and avoid all overstatements, as also pointed out by the referees. Please also explain what DPC is 
in the abstract. The abstract further needs to be written in present tense.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings and their significance, B) 2-
3 bullet points highlighting key results and C) a synopsis image that is exactly 550 pixels wide and 200-600 pixels high (the 
height is variable). The synopsis image should provide a sketch of the major findings, like a graphical abstract. Please note that 
text needs to be readable at the final size. Please send us this information along with the final manuscript.

I look forward to seeing a final version of your manuscript as soon as possible. 

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:



In this revised manuscript by Xia and Wang et al., the authors have improved the manuscript by addressing my concerns.
However, there are still some questions/concerns that need to be addressed to clearly conclude the key findings of the study.

1) In response to my major concern of cell-autonomous effect of Gpr54 deletion in HFSC, the authors have agreed by saying "It
is a good suggestion. Indeed, the expression of NFATC3 in the hair follicle bulge compartment is stronger in WT hair follicles
that the KO ones, indicating deletion of Gpr54 in HFSCs can also directly activate HSFCs. We had revised the related
conclusion and modified Figure 8 according the suggestion." However, in the main text of the manuscript, the effect of Gpr54
KO on hair cycle is still majorly explained through DPC and not through HFSCs, including in the subtitles of the result section.

2) Again, in the response to reviewers' comments, the authors have said that "We had deleted the conclusion that Gpr54
regulates the activity of Nfatc3 through calcineurin in Results according to the suggestion." However, from the title to concluding
statement in discussion, authors are still describing their result through calcineurin-NFATC3-SFRP1-Wnt-β-catenin signaling
pathway.

3) Though it is shown that hair follicles of GPR54 KO mice enter into anagen faster compared to WT, it is still not clear from
Fig.2 why they enter into catagen and telogen at similar times. Further, as the KO mice undergo more frequent hair cycles
compared to WT, is there a loss in the stem cell pool over time? Authors should provide explanations of these points in
discussion.

4) I still think that concise and careful writing would help readers understand the paper easily. For instance, what should readers
understand from this sentence - "The brightest GPR54 fluorescence intensity in DP and HFSCs implies its most significant
expression in DPCs (Fig.1A)." There are also few typos, e.g., Gpr45 instead of Gpr54.

5) The follicle shown in the model Fig.8 is in anagen. The authors should replace it with a telogen follicle as the entire study is
about the effect of GPR54 KO on telogen to anagen transition.

6) In the response to reviewers' comments, authors said that they have addressed the concerns, but it's not reflecting in the
revised manuscript satisfactorily.

Referee #2:

In their revision, the authors had addressed some, but not all, of my concerns. I appreciate that quantification of fluorescent
signal in hair follicle sections may be difficult, but many of the in vivo claims are based on this staining, so reproducibility and
consistency are important. 

Since the only quantification of GPR54 levels in the manuscript come from QPCR data from whole skin (Figure 1B), the authors
should make it clear that this analysis comes from bulk skin and may not accurately reflect the situation in hair follicles
specifically.

The authors have provided additional images to demonstrate that Bcatenin levels are up in KO mice (Figure S4B). However the
image provided for the control tissue is clearly out of focus, so it seems impossible to draw a proper comparison. A higher
quality image should be provided, and a zoomed in region should be shown to demonstrate whether any of the Bcatenin
localizes to the nucleus in either genotype.

I appreciate the hypothesis that phosphorylated NFATc3 is less stable, explaining the lack of signal in the mutant follicles. But
this seems inconsistent with the higher levels of p-NFATc3 detected by Western blot in Fgiure 4E. This should be clarified in the
discussion.
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Responses to reviewers 

Dear reviewers, 

Thank you for raising the insightful comments for our manuscript. We have also 

carefully revised the manuscript text according to the suggestions. Below are 

point-to-point responses from us. 

Referee #1: 

In this revised manuscript by Xia and Wang et al., the authors have improved the 

manuscript by addressing my concerns. However, there are still some 

questions/concerns that need to be addressed to clearly conclude the key findings of 

the study. 

1) In response to my major concern of cell-autonomous effect of Gpr54 deletion in

HFSC, the authors have agreed by saying "It is a good suggestion. Indeed, the 

expression of NFATC3 in the hair follicle bulge compartment is stronger in WT hair 

follicles that the KO ones, indicating deletion of Gpr54 in HFSCs can also directly 

activate HSFCs. We had revised the related conclusion and modified Figure 8 

according the suggestion." However, in the main text of the manuscript, the effect of 

Gpr54 KO on hair cycle is still majorly explained through DPC and not through 

HFSCs, including in the subtitles of the result section. 

Answer：Thank you for the suggestions. We had revised the inaccurate statement 

regarding the effect of Gpr54 KO on the hair cycle primarily through DPC 

rather than HFSCs, in the results and discussion sections, including the relevant 

subtitles. 

2) Again, in the response to reviewers' comments, the authors have said that "We had

deleted the conclusion that Gpr54 regulates the activity of Nfatc3 through calcineurin 

in Results according to the suggestion." However, from the title to concluding 

statement in discussion, authors are still describing their result through 

calcineurin-NFATC3-SFRP1-Wnt-β-catenin signaling pathway. 

3rd Nov 20242nd Authors' Response to Reviewers
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Answer：We have revised the statements in the manuscript regarding Gpr54’s 

regulation of Nfatc3 activity through calcineurin in accordance with the 

suggestion. 

3) Though it is shown that hair follicles of GPR54 KO mice enter into anagen faster

compared to WT, it is still not clear from Fig.2 why they enter into catagen and 

telogen at similar times. Further, as the KO mice undergo more frequent hair cycles 

compared to WT, is there a loss in the stem cell pool over time? Authors should 

provide explanations of these points in discussion. 

Answer：I'm very sorry; we may not have described it clearly. This time, we 

added a detailed description of the differences between WT and KO mice in the 

results section to better illustrate these differences. Moreover，we added an 

analysis in the Discussion section addressing the question: "As the KO mice 

undergo more frequent hair cycles compared to WT, is there a loss in the stem 

cell pool over time?" 

4) I still think that concise and careful writing would help readers understand the

paper easily. For instance, what should readers understand from this sentence - "The 

brightest GPR54 fluorescence intensity in DP and HFSCs implies its most significant 

expression in DPCs (Fig.1A)." There are also few typos, e.g., Gpr45 instead of Gpr54. 

Answer：Thank you for the suggestions. We had carefully revised the writing and 

spelling errors in the manuscript. 

5) The follicle shown in the model Fig.8 is in anagen. The authors should replace it

with a telogen follicle as the entire study is about the effect of GPR54 KO on telogen 

to anagen transition. 

Answer：It is a good suggestion. We have revised Figure 8, replacing the anagen 

hair follicle in the model with a telogen hair follicle. 

6) In the response to reviewers' comments, authors said that they have addressed the

concerns, but it's not reflecting in the revised manuscript satisfactorily. 
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Answer：We appreciate your feedback and apologize for any oversight. We have 

carefully reviewed the manuscript again and made further revisions to ensure 

that the concerns are fully addressed and clearly reflected in the text. 

Referee #2: 

1. In their revision, the authors had addressed some, but not all, of my concerns. I

appreciate that quantification of fluorescent signal in hair follicle sections may be 

difficult, but many of the in vivo claims are based on this staining, so reproducibility 

and consistency are important. 

Answer：Thank you for the suggestions. We conducted quantitative analysis of 

fluorescence results at the hair follicle level in Figure 4B and Supplemental 

Figures 1B, 2D, 4B, and 5C. However, due to significant structural differences in 

hair follicles across different stages (anagen, catagen, and telogen), cross-group 

comparisons were difficult. Therefore, it was challenging for us to perform 

quantitative analysis on the in vivo fluorescence images such as Figures 1A and 

3A, which show immunofluorescent staining of wild-type mice at various hair 

cycle stages. We have revised the relevant descriptions in the results section to 

avoid confusion and enhance clarity. 

2. Since the only quantification of GPR54 levels in the manuscript come from QPCR

data from whole skin (Figure 1B), the authors should make it clear that this analysis 

comes from bulk skin and may not accurately reflect the situation in hair follicles 

specifically. 

Answer：It is a good suggestion. We have added the detailed descriptions in the 

Result sections. 

3. The authors have provided additional images to demonstrate that β-catenin levels

are up in KO mice (Figure S4B). However the image provided for the control tissue is 

clearly out of focus, so it seems impossible to draw a proper comparison. A higher 

quality image should be provided, and a zoomed in region should be shown to 

demonstrate whether any of the Bcatenin localizes to the nucleus in either genotype. 

Answer：We have updated the control image with new ones and partially 

enlarged the images according to the suggestions. Additionally, we conducted an 
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analysis of the number of β-catenin-positive cells in the nucleus (as seen in 

Supplemental Figure 4C). 

4. I appreciate the hypothesis that phosphorylated NFATc3 is less stable, explaining

the lack of signal in the mutant follicles. But this seems inconsistent with the higher 

levels of p-NFATc3 detected by Western blot in Fgiure 4E. This should be clarified in 

the discussion. 

Answer：It is a good suggestion. Thank you for the suggestion. We speculated 

that the higher level of p-NFATC3 in DPC cells of KO mice compared to WT 

mice, as shown in Figure 4E, may result from Western blot capturing 

phosphorylation at a specific time point, allowing detection of the 

phosphorylated protein before it is fully degraded. We have added this 

explanation to the Discussion section. 

Best regards 

Sincerely 

Yongyan Dang, PhD 



13th Nov 20242nd Revision - Editorial Decision

Prof. Yongyan Dang
Shanghai Key Laboratory of Regulatory Biology, Institute of Biomedical Sciences, School of Life Sciences, East China Normal
University
China

Dear Prof. Dang,

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, 

Esther Schnapp, PhD
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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Primary cultures: Provide species, strain, sex of origin, genetic 
modification status. Yes Methods

Report if the cell lines were recently authenticated (e.g., by STR profiling) 
and tested for mycoplasma contamination. Not Applicable Not Applicable

Experimental animals Information included in 
the manuscript?

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

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

Yes Methods

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

Please detail housing and husbandry conditions. Yes Methods

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 Not Applicable

Microbes: provide species and strain, unique accession number if 
available, and source. Not Applicable 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 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? Not Applicable Not Applicable
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Reporting Checklist for Life Science Articles (updated January 

ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical 

the exact sample size (n) for each experimental group/condition, given as a number, not a range;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including 
how many animals, litters, cultures, etc.).
a statement of how many times the experiment shown was independently replicated in the laboratory.

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

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

if n<5, the individual data points from each experiment should be plotted.  Any statistical test employed should be justified.
Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data 

Each figure caption should contain the following information, for each panel where they are relevant:
a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements.
an explicit mention of the biological and chemical entity(ies) that are being measured.
an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
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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 Not Applicable

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

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 Not Applicable

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

Not Applicable 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 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 
replicates. Yes Figures

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 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 Not Applicable

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

Yes  Methods

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 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 Not Applicable

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

Not Applicable We have not deposited any data in this manuscript.

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 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 Not Applicable

If publicly available data were reused, provide the respective data citations 
in the reference list. Not Applicable Not Applicable

The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about 
requiring specific guidelines and recommendations to complement MDAR.
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https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm

	Gpr54 deletion accelerates hair cycle and hair regeneration
	Review Timeline:
	Transaction Report:

	Merged Decision Summary PDF Section 1
	Merged Decision Summary PDF Section 2
	Merged Decision Summary PDF Section 3
	Merged Decision Summary PDF Section 4
	Merged Decision Summary PDF Section 5
	Merged Decision Summary PDF Section 6
	Merged Decision Summary PDF Section 7
	Merged Decision Summary PDF Section 8
	Merged Decision Summary PDF Section 9
	Merged Decision Summary PDF Section 10
	EMBOR-2024-59442V3-Author_Checklist.pdf
	EMBO Press Author Checklist




