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22nd Dec 20201st Editorial Decision

Dear Dr. Niemann,

Thank you for t ransferring your manuscript  to EMBO reports. I now went through your manuscript
and the referee reports from The EMBO Journal (at tached below). The referees acknowledge that
the findings are of interest . Nevertheless, they have raised a number of concerns and suggest ions
to improve the manuscript , or to strengthen the data and the conclusions drawn. 

EMBO reports emphasizes novel funct ional over detailed mechanist ic insight, but  asks for strong in
vivo relevance of the findings, and clear experimental support  of the major conclusions. Thus, we will
not  require addressing points regarding more mechanist ic details experimentally. However, it  will be
necessary that in a revised manuscript  you address all points quest ioning the main conclusions of
the study, and all technical concerns, or points regarding the experimental design, model systems
used, or data presentat ion. 

In this case, in part icular referees #2 and #4 doubt some of the major conclusions of the paper and
do not think that these are fully supported by the data, in part icular they seem not convinced that
Bcl-2 has the reported specific roles in sbBSCs. Thus, their major points need to be addressed
experimentally.

Given the construct ive referee comments, we would like to invite you to revise your manuscript  with
the understanding that all referee concerns must be addressed in the revised manuscript  and/or in
a detailed point-by-point  response. Acceptance of your manuscript  will depend on a posit ive
outcome of a second round of review. It  is EMBO reports policy to allow a single round of revision
only and acceptance of the manuscript  will therefore depend on the completeness of your
responses included in the next, final version of the manuscript . 

Revised manuscripts should be submit ted within three months of a request for revision. We are
aware that many laboratories cannot funct ion at  full efficiency during the current COVID-19/SARS-
CoV-2 pandemic and we have therefore extended our 'scooping protect ion policy' to cover the
period required for full revision. Please contact  me to discuss the revision should you need
addit ional t ime, and also if you see a paper with related content published elsewhere.

When submit t ing your revised manuscript , please also carefully review the instruct ions that follow
below. 

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

When submit t ing your revised manuscript , we will require: 

1) a .docx formatted version of the final manuscript  text  (including legends for main figures, EV
figures and tables), but  without the figures included. Please make sure that changes are highlighted
to be clearly visible. Figure legends should be compiled at  the end of the manuscript  text .

2) individual product ion quality figure files as .eps, .t if, .jpg (one file per figure), of main figures and EV



figures. Please upload these as separate, individual files upon re-submission.

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

For more details please refer to our guide to authors: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparat ion

See also our guide for figure preparat ion: 
ht tp://wol-prod-cdn.literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

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

4) a complete author checklist , which you can download from our author guidelines
(ht tps://www.embopress.org/page/journal/14693178/authorguide). Please insert  page numbers in
the checklist  to indicate where the requested informat ion can be found in the manuscript . The
completed author checklist  will also be part  of the RPF.

Please also follow our guidelines for the use of living organisms, and the respect ive report ing
guidelines: ht tp://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 

5) that  primary datasets produced in this study (e.g. RNA-seq, ChIP-seq and array data) are
deposited in an appropriate public database. This is now mandatory (like the COI statement). If no
primary datasets have been deposited in any database, please state this in this sect ion (e.g. 'No
primary datasets have been generated and deposited').

See also: ht tp://embor.embopress.org/authorguide#datadeposit ion 

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 " sect ion
(placed after Materials & Methods) that follows the model below. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability

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

- RNA-Seq data: Gene Expression Omnibus GSE46843



(ht tps://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

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

Moreover, I have these editorial requests:

6) We strongly encourage the publicat ion of original source data with the aim of making primary
data more accessible and transparent to the reader. The source data will be published in a
separate source data file online along with the accepted manuscript  and will be linked to the
relevant figure. If you would like to use this opportunity, please submit  the source data (for example
scans of ent ire gels or blots, data points of graphs in an excel sheet, addit ional images, etc.) of your
key experiments together with the revised manuscript . If you want to provide source data, please
include size markers for scans of ent ire gels, label the scans with figure and panel number, and send
one PDF file per figure. 

7) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at :
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quant ificat ion and stat ist ics, please specify, where applicable, the number "n" for
how many independent experiments (biological or technical replicates) were performed, the bars
and error bars (e.g. SEM, SD) and the test  used to calculate p-values in the respect ive figure
legends. Please provide stat ist ical test ing where applicable, and also add a paragraph detailing this
to the methods sect ion. See: 
ht tp://www.embopress.org/page/journal/14693178/authorguide#stat ist icalanalysis

9) Please add up to 5 key words to the t it le page.

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

Finally, please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript . Please find instruct ions on how to link the ORCID ID to
the account in our manuscript  t racking system in our Author guidelines:
ht tp://www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines

I look forward to seeing a revised version of your manuscript  when it  is ready. Please let  me know if
you have quest ions or comments regarding the revision. 

Kind regards,

Achim



----------------
Achim Breiling
Editor
EMBO Reports
----------------

Referee #1:

This manuscript  by Geueke et  al. describes the novel finding that Bcl-2 is specifically expressed in a
subpopulat ion of hair follicle bulge stem cells, and plays an important role in the regulat ion of hair
follicle cycling. It  was previously known that Bcl-2 promotes cell survival by blocking apoptosis, is
important for the survival of skin melanocytes, and contributes to the development of some
cancers, including B cell lymphomas. This paper provides new insight into the importance of Bcl-2
for the maintenance of suprabasal bulge stem cells (sbBSC) in hair follicles, which are important for
regulat ing the hair regrowth cycle. Addit ionally, the authors demonstrate the consequences of
aberrant act ivat ion of Bcl-2 in the epidermis: complete inhibit ion of caspase 3-mediated apoptosis,
impair hair regrowth, and aggravated development of epidermal tumors. 
Overall, the authors carefully state the major conclusions from their data. Below, I suggest a few
addit ional experiments to strengthen their proposed mechanism that Bcl-2 protects sbBSC from
anoikis, which I think is current ly their weakest claim. I also suggest changes to the text  to make the
manuscript  clearer and stronger. 

MAJOR CONCERNS 
1. Clarity of experimental t iming: Overall, this manuscript  would benefit  from more consistent and
explicit  descript ion of the t iming of each experiment. The authors probe several different t imepoints
during development and hair cycling, but do not consistent ly provide clear just ificat ion for their
experimental design. Providing this detail will help readers better understand the precise scient ific
quest ion the authors are addressing with each experiment, and the significance of the results. 
2. Fig. 2d (Experiment): While the concept of this in vit ro anoikis assay is logical, crit ical controls
and/or references are missing. The data presented show that aCas3+ staining increases when
cultures are t reated with an integrin a6-blocking ant ibody compared to untreated controls.
However, it  is not shown (or referenced) that this ant ibody induces kerat inocyte detachment.
Addit ionally, without an Ig control, it  cannot be discerned whether this effect  is caused by blocking
integrin a6, or merely by the presence of ant ibody. 
3. Fig. 2 (Experiment): The authors claim in the text  that  sbBSC express higher levels of Bcl-2, which
protects them from detachment-mediated apoptosis. To further support  this conclusion, the
authors should repeat their in vit ro anoikis assay using sbBSC, which should express higher level of
Bcl-2 and therefore be protected from apoptosis with ant i-integrin a6 Ab treatment. Addit ionally,
they should add ABT-199 to their sbBSC to see if detachment-associated apoptosis is rescued by
chemically inhibit ing Bcl-2. 

MINOR CONCERNS 
1. All figure legends (Labels): In every figure legend, please indicate what each abbreviat ion stands
for. 
2. Fig.1 (Experiment): The authors demonstrate that Bcl-2 mRNA is more highly expressed in sbBSC
compared to bBSC and n-B. It  would be compelling to include Bcl-2 immunostaining to illustrate that
Bcl-2 protein is localized to sbBSC. 
3. Page 4 (Experiment detail): Include the age of the mice at  the t ime of ABT-199 treatment and
sample collect ion for the data in Fig. 1a. 



4. Page 5 (Grammar): Sect ion t it le should be changed to "Cyclic hair regenerat ion depends on
suprabasal bulge SCs protected by Bcl-2". 
5. Page 5 (Reference): Please include reference(s) to support  that  Lef1 and Runx1 are,
"t ranscript ion factors associated with hair growth". 
6. Page 6 (Claim regarding E.D. Fig 3c): Although "no significant changes in the expression of Lef1
and Runx1 were detected following ABT-199 treatment" with the sample size, there appears to be
a clear upwards trend in expression of Lef1 and Runx1. This should be addressed in the text . 
7. Page 6 (Claim regarding Fig. 1): The text  claims that, "the data propose Bcl-2-mediated
protect ion of sbBSCs solely during telogen"; however, there are no data that address if Bcl-2-
mediated protect ion occurs during catagen. Therefore, the text  should more accurately read, "the
data propose Bcl-2-mediated protect ion of sbBSCs during telogen but not during anagen." 
8. Fig. 2c (Stat ist ics): The difference in Itga5 expression between bBSC and sbBSC appears
dramatic, but  it  is not labeled as stat ist ically significant with the sample size of n=3. The authors
should state the what their "n" represents (mice?). Addit ionally, it  seems likely that the difference
would be stat ist ically significant if the sample size is increased. if it  is not feasible for the authors to
add more samples, then it  would be helpful for them to provide insight regarding why they believe
the trend is not significant (e.g. sample variability). 
9. Fig. 3a,b (Experiment detail): In the histology images of the control and Bcl-2EOE HFs in catagen,
it  would be helpful to include lines to indicate how the height and width of the retract ing epithelial
strand was measured. 
10. Page 8 (Reference): Please include reference(s) to support  that  Kerat in 15, Sox 9 and Nfatc1
are, "...known BSC marker[s]..." 
11. E.D. Fig. 6d (Reference): There is no explanat ion (in neither the main text  nor the figure legend)
for why P-cadherin staining was performed. 
12. Fig. 4c,d (Experimental details): It  would be helpful to include more informat ion in the main text
about the design of the BrdU experiment, e.g. the rat ionale behind the t iming/length of the pulse
and chase. 
13. Page 9 (Claim): The claim, "Clearly, Bcl-2 expression interferes with HF regression by inhibit ing
cell loss and promot ing cell survival, thereby increasing HF bulge and HG size and altering their
architecture," should be modified to more accurately communicate that Bcl-2 overexpression
throughout the HF/epidermis interferes with regression. 
14. Page 10 (Experimental detail): In the sentence, "...we addressed the impact of Bcl-2 on
epidermal tumour format ion using the K15∆NLef1 mice that express a mutated form of the
transcript ion factor Lef1 specifically in BSCs..." the authors should specify what kind of mutat ion
(e.g. act ivat ing, knock down, knock out) these mice harbor.

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

In this manuscript  by Geueke et  al, t it led "Different ial requirement of Bcl-2-regulated cell death
governs hair follicle stem cell funct ion", the authors suggest that  Bcl-2 expression in a specific
subset of stem cells within the bulge region of hair follicles, i.e. suprabasal bulge stem cells
(sbBSCs), as opposed to basal bulge stem cells (bBSCs), are essent ial for the cyclical regenerat ion
of hair follicles mice. They argue that sbBSCs are part icularly suscept ible to anoikis and that Bcl-2
prevents Bim/Bmf-mediated apoptosis in this context . There is a quite a bit  of literature that
indicates a role for Bcl-2 and Bim in the maintenance of hair follicles (and pigmentat ion involving the
survival of melanocytes), so the primary novelty of the current work emanates from the specific
roles proposed for these proteins in sbBSCs. Unfortunately, in addit ion to a number of other
concerns, this reviewer is simply not convinced that such specificity actually exists. 



Major crit icisms: 

1. The authors argue that there is a significant increase in act ive caspase-3 posit ive (aCasp3+)
sbBSCs within the bulge following treatment of mice with Bcl-2 antagonist , ABT-199. Sett ing aside
the fact  that  the presence of aCasp3 does not necessarily indicate that a cell is dying, this reviewer
sees green cells outside the follicle but no convincing evidence that aCasp3+ cells are present
within the bulge (Fig. 1A). The evidence in aCasp3+ cells in the follicles of tail skin (EV1e) is
convincing but not in back skin (Fig. 1a). 

2. The authors suggest that  no deplet ion of sbBSCs was observed in Bcl-2^EKO mice, compared to
treatment with ABT. Thus, they conclude that acute inhibit ion of Bcl-2 is required to render these
cells sensit ive to anoikis. While this is certainly a possibility, they fail to note that ABT is NOT
select ive for Bcl-2, as it  also readily inhibits Bcl-xL and to lesser extent other ant iapoptot ic Bcl-2
family members (excluding Mcl-1). 

3. In the second half of the paper, the authors ut ilize overexpression of Bcl-2 using a K14Cre driver
to express Bcl-2 in stem cells. However, since they are using a LSL-Bcl2-IRES-GFP, it  is unclear why
they have not stained for GFP to verify the locat ion of Bcl-2 expression? One suspects that Bcl-2
expression is present in both sbBSCs and bBSCs, which make it  impossible to make any specific
claims about Bcl-2's select ive role in sbBSCs. 

4. The authors stain with ant ibodies to aCasp9 and aCasp8 and conclude that both the intrinsic
and extrinsic pathways are act ivated during cell death. Caspase-8 however can be cleaved
downstream of the intrinsic pathway via a casp9 --> casp3 --> casp6 --> casp8 feedback loop and
the cleaved caspase-8 is not act ive in this context . If caspase-8 were act ivated and cleaved with a
TNF/Fas/TRAIL receptor DISC, Bcl-2 would not prevent this cleavage. 

5. All of the studies with Bcl-2 overexpression must be interpreted with caut ion, because Bcl-2 will
of course inhibit  apoptosis in essent ially any cell type in which it  is expressed. The accumulat ion of
cells within the follicle can in turn skew RNA-seq results, etc. because it  becomes unclear whether
changes in gene expression are simply due the presence of cells that  would normally not be
present. It  is similarly quest ionable whether one can conclude that, since Bcl-2 overexpression
blocked apoptosis in BSCs from K15deltaNLef1 mice, downregulat ion of Bcl-2 in these same cells is
therefore responsible for the death that would normally be observed. This explanat ion is certainly
plausible, but Bcl-2 overexpression would almost certainly inhibit  cell death regardless of the
precipitat ing st imulus. Similarly, given that BSCs are known to the targets of DMBA and give rise to
skin cancer in chemically-induced skin carcinogenesis, it  is ent irely predictable that Bcl-2-mediated
inhibit ion of apoptosis in t reated BSCs would result  in more tumors. 

Minor crit icisms: 

The authors should really consider providing more background informat ion on normal hair follicle
biology, part icularly for a non-specialized journal. They should also consider adding more detail to
the figure legends, reiterat ing the meaning of various abbreviat ions which are not immediately
recognizable to a reader outside the field.

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

This work describes how epithelial stem cells-expressed bcl-2 affect  cyclic hair follicle growth. The



author used ABT-199 as an antagonist  for bcl-2 to assess the role of bcl-2 in hair regenerat ion.
They showed that the lack of bcl-2 caused reduct ion in the expression of hair growth
transcript ional factors such as Lef1 and Runx1, delaying anagen transit ion and hair graying.
Moreover, they ut ilized Bcl-2EKO mice and observed apoptosis (anoikis) and loss of the supra-basal
bulge stem cells (sbBSCs), indicat ing bcl-2 dependency of sbBSCs during telogen phase. In
contrast , overexpression of bcl-2 within epidermis using Bcl-2EOE mice, blocked apoptosis and
normal cell death in catagen, caused enlarged hair follicle bulge contain kerat inocytes. Treatment of
K15 ∆NLef1/Bcl-2EOE mice with DMBA progressed BSC-driven epidermal tumor format ion and
impaired transit ion of hair follicle from telogen to anagen phase. Collect ively, this manuscript  shows
interest ing new data dissect ing the role for bcl-2 in bulge stem cell homeostasis and hair follicle
regenerat ion. Figures are well organized and most images are beaut iful. The study will be of interest
for readers of this journal. 

The authors ment ioned "FACS analysis of BSCs revealed the specific loss of CD34+/Itga6low BSCs
upon ABT-199 treatment". It  is not clear how long after t reatment the authors have evaluated the
BSCs? Please clarify. 

The authors have only evaluated the expression of the bcl2 in sbBSCs and bBSCs in bulge. The
authors need to also assess the expression of bcl-2 in the sHG, and need more clear descript ions of
in which cell types BCL2 is expressed among non bulge stem cells. 

The authors need to address the hair gray phenotype in this study resulted only from the deplet ion
of sbBSCs. Some molecular mechanisms underlying this need to be discussed. 

The purpose of the study need to be more explicit ly stated in the introduct ion.

-----------------------
Referee #4:

In this manuscript , Geueke et  al., document that a different ial Bcl-2-expression within the hair follicle
bulge regulates an anoikis response in suprabasal bulge cells and governs HF regenerat ion. Using a
pharmacological inhibitor and a genet ic mouse model overexpressing Bcl-2 in the epidermis, the
authors show that Bcl-2 funct ion impacts on bulge organizat ion, HFSC quiescence, and HF growth.
Also, the authors observed that overexpression of Bcl-2 increases the incidence and frequency of
skin tumors by promot ing cell survival. 

Even though this proposal is interest ing, I found the data in the manuscript  st ill preliminary, and not
of sufficient  depth to state some of the proposed conclusions about the role of Bcl-2 in the
regulat ion of HFSC funct ion to provide an advance to the field. 

Major points: 

1. The most intriguing aspect of the manuscript  is the finding of a different response within HF
bulge cell populat ions in governing HF regenerat ion. The authors document an increased
expression of Bcl2 in suprabasal cells, thereby an increased sensit ivity to Bcl-2 inhibit ion to undergo
apoptosis. But how sbBSC cell death during telogen leads to a delay in HF regenerat ion? 

The authors characterize total epidermal changes in Lef1 and Runx1 mRNA levels and document
hair greying. St ill, unfortunately, despite being the primary claim of the ms, the authors did not
address how Bcl-2 regulated cell death governs the funct ion of HFSC. Is it  through deregulat ion of



basal BSC act ivat ion, e.g., premature different iat ion, senescence, signaling? 

2. Fig. 1. Is the Bcl-2-driven ant iapoptot ic response only relevant during the assessed competent
telogen phase (P50) compared to the refractory and telogen-anagen transit ion stages? 

3. The authors state, "mechanist ically we demonstrate that an SC subpopulat ion undergoes
anoikis during HF regenerat ion, thus explaining their strict  Bcl-2 dependency." Unfortunately, the
analyses are not of sufficient  depth to reach those definite conclusions. On the one hand, the
authors do not assess anoikis during HF regenerat ion, but in cell culture upon blocking integrin-
mediated adhesion (Fig. 1d). On the other hand, their cell system does not mimic the presence of
SC subpopulat ions, nor a different ial expression of Bcl-2 expression. Finally, it  is well-acknowledged
that blocking integrin adhesion with ant ibodies leads to cell death in both Bcl-2 dependent and
independent ways, how do the authors link this global event to their model in HF regenerat ion? 

4. Page 7, last  paragraph. The authors state, "our data show that Bcl-2 expression is essent ial to
protect  sbBSCs from detachment-induced apoptosis during telogen." In line with my previous
comments, this has yet to be demonstrated. However, experiments in vit ro can suggest it , does the
overexpression of Bcl-2 protects basal cells in culture from cell death upon the addit ion of integrin
blocking ant ibodies? What would be the effect  of the inhibit ion of Bcl-2 under those condit ions? 

5. Using mouse genet ics, the authors overexpressed Bcl-2 in K14 posit ive cells and focused on
different aspects, ranging from catagen, telogen characterizat ion, and tumorigenesis. Although
interest ing, from this point , the flow of the manuscript  was disrupted from the main focus: the
requirement of Bcl-2-regulated cell death driven regulat ion of HF stem cell funct ion. In any event, I
have some suggest ions regarding those findings, start ing from point  6 below. 

6. Fig. 4. Regressing HFs that eventually retract  give rise to telogen-like HF. Based on their
abnormal morphology - are these rather cysts than bonafide telogen HF? The authors proposed,
based on K15 expression levels, the presence of an enlarged bulge. Are there any changes in basal
and suprabasal HFSC populat ions based on a6 integrin High CD34+ versus a6 integrin Low CD34+
levels? 

7. Since K14-Bcl2 mouse skin exhibits abnormally enlarged telogen-like HF, without showing an
increase in cell proliferat ion, the authors state: "Clearly, Bcl-2 expression interferes with HF
regression by inhibit ing cell loss", as a potent ial explanat ion to the increased cellularity. A lineage-
tracing system is required to state those conclusions. Are any markers of HF layers expressed in
the telogen-like structures? FACS analyses of defined populat ions and expression of markers
through PCR evaluat ion can provide better insight into this aspect than analyzing the mRNA
expression of markers in the epidermis. 

8. A role for Bcl-2 and other family members in skin tumorigenesis has been previously documented,
in part icular under skin stress condit ions and photo DNA damage. Do the authors aim to propose a
role for Bcl-2 in protect ing K15 tumor-init iat ing cells from cell death? Page 10, last  sentence. 

Although an excit ing proposit ion, with the obtained results, it  is not possible to reach those
conclusions. The authors did not overexpress Bcl2 specifically in BSC but by using a K14 mouse
model. The observed effect  could be indirect , through signals arising from neighboring cells
overexpressing Bcl2. However, control and CD34BclE2OE cells can be isolated and transplanted to
compare their efficiency in tumor format ion, survival, and proliferat ion. 



9. Fig. 5c. The authors quant ified the number of aCas3+ cells, are there any differences in cell
proliferat ion or different iat ion between the different systems? 

10. Fig. 5. The authors should show if there are any differences in apoptosis and cell proliferat ion in
the tumors shown in Fig 5g. 

11. The authors indicate that no changes in tumor type or sebaceous different iat ion occur in their
model compared to controls. However, in Extended Data Figure 7d, Scd1 expression levels differ
from those observed in controls. 

Minor points. 

1. Page 4. The sentence "a cont inuous turnover and apoptosis of HG cells" is not clear. Please
explain. 

2. Extended data figure 1f. The pictures show a high level of aCas3+ in the HG upon ABT-199
treatment. The representat ive image differs from the graph, where no significant differences in HG
aCas3+ cells are shown. 

3. K14Cre- Rosa26LSL.Bcl2.IRES.GFP. A better characterizat ion of the model is missing. What is the
rat io of Bcl-2 increase compared to controls? Is Bcl-2 evenly expressed in K14 posit ive cells, or is
there any mosaicism present in their system? 

4. K14Cre- Rosa26LSL.Bcl2.IRES.GFP. The authors document an opposite response during catagen
to the one observed previously using another K14 Bcl-2 mouse model, which instead led to an
accelerated catagen progression (Muller-Rover et  al. 1999). How do the authors reconcile the
differences? 

5. I believe reorganizing the manuscript  could benefit  the flow of ideas. For example, first , show the
RNA seq analyses as a tool to address funct ional heterogeneity between basal and suprabasal
cells. Second, focus on the ident ified cell death and survival pathways in suprabasal cells. Next,
show the different ial response of sbBSCs to the Bcl-2 inhibitor, to later focus on the potent ial
mechanisms leading to the control of HF regenerat ion, etc.
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Response to the Reviewers: 

Geueke et al. 

point-by-point response 
Referee #1: 

This manuscript by Geueke et al. describes the novel finding that Bcl-2 is specifically expressed 
in a subpopulation of hair follicle bulge stem cells, and plays an important role in the regulation 
of hair follicle cycling. It was previously known that Bcl-2 promotes cell survival by blocking 
apoptosis, is important for the survival of skin melanocytes, and contributes to the development 
of some cancers, including B cell lymphomas. This paper provides new insight into the 
importance of Bcl-2 for the maintenance of suprabasal bulge stem cells (sbBSC) in hair follicles, 
which are important for regulating the hair regrowth cycle. Additionally, the authors demonstrate 
the consequences of aberrant activation of Bcl-2 in the epidermis: complete inhibition of caspase 
3-mediated apoptosis, impair hair regrowth, and aggravated development of epidermal tumors.
Overall, the authors carefully state the major conclusions from their data. Below, I suggest a few
additional experiments to strengthen their proposed mechanism that Bcl-2 protects sbBSC from
anoikis, which I think is currently their weakest claim. I also suggest changes to the text to make
the manuscript clearer and stronger.

The authors would like to thank the reviewer for his/her supportive comments and valuable 
suggestions, which helped to substantially improve the overall quality of our study. Encouraged 
by the reviewer’s statements we have revised the manuscript.  

Our specific comments to the issues raised by reviewer #1 are outlined below. 

MAJOR CONCERNS 
1. Clarity of experimental timing: Overall, this manuscript would benefit from more consistent and
explicit description of the timing of each experiment. The authors probe several different
timepoints during development and hair cycling, but do not consistently provide clear justification
for their experimental design. Providing this detail will help readers better understand the precise
scientific question the authors are addressing with each experiment, and the significance of the
results.
We have revised the text of the manuscript to better explain the experimental design and provide
clear justification for the experimental set up. To provide a more consistent and explicit
description, we added schemes to the figures (Fig 1A,C; Fig. 2B,C; Fig. EV1C, Appendix Fig.
S2B,C) and included detailed information on the specific time points of experiments within the
figure legends.

2. Fig. 2d (Experiment): While the concept of this in vitro anoikis assay is logical, critical controls
and/or references are missing. The data presented show that aCas3+ staining increases when
cultures are treated with an integrin a6-blocking antibody compared to untreated controls.
However, it is not shown (or referenced) that this antibody induces keratinocyte detachment.
Additionally, without an Ig control, it cannot be discerned whether this effect is caused by
blocking integrin a6, or merely by the presence of antibody.
Given that the cultivation of sbBSC population is not reliable in the in vitro 3D model system
(Chacon-Martinez et al. 2017), we now removed these initial studies and revised the figures and
text pointing out that our RNA-seq results suggest a mechanism of anoikis-like cell death of
sbBSCs. The authors realized that some of the conclusions might have been overstated and,
therefore, revised the text to better reflect the main observations and data interpretation.

15th Apr 20211st Authors' Response to Reviewers
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3. Fig. 2 (Experiment): The authors claim in the text that sbBSC express higher levels of Bcl-2, 
which protects them from detachment-mediated apoptosis. To further support this conclusion, 
the authors should repeat their in vitro anoikis assay using sbBSC, which should express higher 
level of Bcl-2 and therefore be protected from apoptosis with anti-integrin a6 Ab treatment. 
Additionally, they should add ABT-199 to their sbBSC to see if detachment-associated apoptosis 
is rescued by chemically inhibiting Bcl-2. 
As discussed above (major point 2), cultivation of sbBSC population is not consistent in the in 
vitro 3D model system (Chacon-Martinez et al. 2017). We thus removed these initial studies and 
revised the figures and text indicating that our RNA-seq results suggest a mechanism of 
detachment-induced apoptosis of sbBSCs. 
 
MINOR CONCERNS 
1. All figure legends (Labels): In every figure legend, please indicate what each abbreviation 
stands for. 
We have revised the figure legends accordingly.  
 
2. Fig.1 (Experiment): The authors demonstrate that Bcl-2 mRNA is more highly expressed in 
sbBSC compared to bBSC and n-B. It would be compelling to include Bcl-2 immunostaining to 
illustrate that Bcl-2 protein is localized to sbBSC. 
We extensively tried to detect endogenous Bcl-2 protein in mouse skin by immunofluorescence 
staining and immune histochemistry. In contrast to Bcl-2EOE mice that exhibit robust Bcl-2 
protein, no Bcl-2+ve cells were detected in skin of wild-type mice due to either low antibody 
sensitivity or low endogenous protein levels hindering its detection (new Appendix Fig. S4). Our 
data point to later since quantitative western blot experiments showed robust Bcl-2 detection in 
Bcl-2EOE mice but weak signal in wildtype control animals. 
 
3. Page 4 (Experiment detail): Include the age of the mice at the time of ABT-199 treatment and 
sample collection for the data in Fig. 1a. 
We have included a new scheme in Figure 1A providing further experimental details on the 
specific time points of treatment and the age of mice. 
 
4. Page 5 (Grammar): Section title should be changed to "Cyclic hair regeneration depends on 
suprabasal bulge SCs protected by Bcl-2". 
The text has been revised. 
 
5. Page 5 (Reference): Please include reference(s) to support that Lef1 and Runx1 are, 
"transcription factors associated with hair growth". 
We have included the references for both transcription factors. 
 
6. Page 6 (Claim regarding E.D. Fig 3c): Although "no significant changes in the expression of 
Lef1 and Runx1 were detected following ABT-199 treatment" with the sample size, there 
appears to be a clear upwards trend in expression of Lef1 and Runx1. This should be addressed 
in the text. 
We have changed the text of the manuscript by explaining the variability in Lef1 and Runx1 
expression level during anagen phase between the individual animals tested in this experiment. 
The histological analysis of mice shows clearly that all hair follicles are in anagen. Therefore, no 
changes in Lef1 and Runx1 expression between treated and control mice are expected. 
 
7. Page 6 (Claim regarding Fig. 1): The text claims that, "the data propose Bcl-2-mediated 
protection of sbBSCs solely during telogen"; however, there are no data that address if Bcl-2-
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mediated protection occurs during catagen. Therefore, the text should more accurately read, 
"the data propose Bcl-2-mediated protection of sbBSCs during telogen but not during anagen." 
We have made textual changes to clearly state that telogen and anagen hair cycle phases were 
investigated. 
 
8. Fig. 2c (Statistics): The difference in Itga5 expression between bBSC and sbBSC appears 
dramatic, but it is not labeled as statistically significant with the sample size of n=3. The authors 
should state the what their "n" represents (mice?). Additionally, it seems likely that the difference 
would be statistically significant if the sample size is increased. if it is not feasible for the authors 
to add more samples, then it would be helpful for them to provide insight regarding why they 
believe the trend is not significant (e.g. sample variability). 
As stated in our response to major points 2 and 3 we have removed this data due to technical 
limitation of the in vitro system and to avoid any overstatement. 
 
9. Fig. 3a,b (Experiment detail): In the histology images of the control and Bcl-2EOE HFs in 
catagen, it would be helpful to include lines to indicate how the height and width of the retracting 
epithelial strand was measured. 
To show in more detail how the retracting epithelial strand was measured, we have included the 
information applying state-of-the-art microscopy software to images in new Appendix Fig. S6A. 
 
10. Page 8 (Reference): Please include reference(s) to support that Keratin 15, Sox 9 and 
Nfatc1 are, "...known BSC marker<s>..." 
We included the references in the revised version of our manuscript. 
 
11. E.D. Fig. 6d (Reference): There is no explanation (in neither the main text nor the figure 
legend) for why P-cadherin staining was performed. 
We have made textural changes to explain that P-cadherin staining was performed to analyse 
HG cells.  
 
12. Fig. 4c,d (Experimental details): It would be helpful to include more information in the main 
text about the design of the BrdU experiment, e.g. the rationale behind the timing/length of the 
pulse and chase. 
We have included the experimental details on the BrdU experiment assay as measurement for 
proliferation in the tissue (one pulse and 1h chase) in the revised version of the manuscript. 
 
13. Page 9 (Claim): The claim, "Clearly, Bcl-2 expression interferes with HF regression by 
inhibiting cell loss and promoting cell survival, thereby increasing HF bulge and HG size and 
altering their architecture," should be modified to more accurately communicate that Bcl-2 
overexpression throughout the HF/epidermis interferes with regression. 
We have changed the text now stating “Bcl-2 overexpression throughout the HF/epidermis 
interferes with regression”.  
 
14. Page 10 (Experimental detail): In the sentence, "...we addressed the impact of Bcl-2 on 
epidermal tumour formation using the K15∆NLef1 mice that express a mutated form of the 
transcription factor Lef1 specifically in BSCs..." the authors should specify what kind of mutation 
(e.g. activating, knock down, knock out) these mice harbor. 
We have included more details on the mutant Lef1 used in our study in the revised version of our 
manuscript explaining the N-terminal deletion and dominant negative function of this particular 
Lef1 construct.  
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point-by-point response 
Referee #2: 
 
In this manuscript by Geueke et al, titled "Differential requirement of Bcl-2-regulated cell death 
governs hair follicle stem cell function", the authors suggest that Bcl-2 expression in a specific 
subset of stem cells within the bulge region of hair follicles, i.e. suprabasal bulge stem cells 
(sbBSCs), as opposed to basal bulge stem cells (bBSCs), are essential for the cyclical 
regeneration of hair follicles mice. They argue that sbBSCs are particularly susceptible to anoikis 
and that Bcl-2 prevents Bim/Bmf-mediated apoptosis in this context. There is a quite a bit of 
literature that indicates a role for Bcl-2 and Bim in the maintenance of hair follicles (and 
pigmentation involving the survival of melanocytes), so the primary novelty of the current work 
emanates from the specific roles proposed for these proteins in sbBSCs. Unfortunately, in 
addition to a number of other concerns, this reviewer is simply not convinced that such 
specificity actually exists. 
 
We thank this reviewer for his/her critical view and would like to ask him/her to reconsider our 
quite striking observations using ABT-199. Our detailed investigations identified sbBSCs as the 
main SC compartment with a marked susceptibility to ABT-199 and subsequent analyses 
identified Bim/Bmf as the possible mediator of mitochondrial apoptosis in BSCs. By using 
conditional Bcl-2 knock-in and knock-out mice, our data conclusively supported the results 
obtained by ABT-199. We do agree that some previous studies already indicated the 
involvement of Bcl-2 in mammalian epidermis, but non of them studied the effects of ABT-199 in 
skin SC compartment nor described the selectivity of Bcl-2 actions in sbBSCs. We also made 
textual changes to better explain the rationale behind the Bcl-2 overexpression experiments. 
 
Our specific comments to the concerns raised by reviewer #2 are outlined below. 
 
Major criticisms: 
 
1. The authors argue that there is a significant increase in active caspase-3 positive (aCasp3+) 
sbBSCs within the bulge following treatment of mice with Bcl-2 antagonist, ABT-199. Setting 
aside the fact that the presence of aCasp3 does not necessarily indicate that a cell is dying, this 
reviewer sees green cells outside the follicle but no convincing evidence that aCasp3+ cells are 
present within the bulge (Fig. 1A). The evidence in aCasp3+ cells in the follicles of tail skin 
(EV1e) is convincing but not in back skin (Fig. 1a). 
We thank this reviewer for his/her discerning view. In our opinion, the discrepancy in the number 
aCas3+ cells between tail and back skin is attributed to the whole mounts (tail epidermis) vs. 
sections (backskin) and the different techniques used to isolate and analyse the tissue 
(microscopy of section vs. 3D z-stack of HF structures).  
Below, we present two additional images of ABT-199 treated back skin samples to demonstrate 
the specific signal for aCas3+ve apoptotic keratinocytes within the sbBSCs. In addition to the 
immunostainings for aCas3, analyses of the HF bulge composition by FACS indicated the 
specific loss of the sbBSC population from back skin of ABT-199 treated mice (please see also 
Fig. 1 C,D). 
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additional Figure 1: Apoptosis of sbBSCs following treatment with ABT-199. 
aCas3 immunostaining (green), integrina6 (red) and DAPI (blue) in backskin samples of ABT-199 treated 
mice. Please note specific signal for aCas3 in sbBSCs (arrows). B: bulge; CH: club hair; DP: dermal 
papilla; HF: hair follicle; HG: secondary hair germ. 

 
Immunostaining for activated caspase 3 usually represents the ultimate step or the ‘point-of-no-
return’ of apoptosis and is frequently used as the ‘state of the art’ method for detecting 
dying/apoptotic cells in different tissues including the skin. Independently, we also confirmed the 
specific cell death of sbBSC in ABT-199 treated mice by Tunnel staining showing apoptotic cells 
double positive for aCas3 and Tunnel (see additional Figure 2 below). 
 

 
additional Figure 2: Apoptosis of sbBSCs following systemic treatment with ABT-199.  
aCas3 immunostaining (green), Tunnel (red) and DAPI (blue) in backskin samples of ABT-199 treated 
mice. Please note double positive sbBSCs (aCas3 and Tunnel, arrows). B: bulge; CH: club hair; DP: 
dermal papilla; HF: hair follicle; HG: secondary hair germ. Please note Tunnel

+ve
 cells in sb bulge and 

double positive apoptotic sbBSCs. 

 
 
2. The authors suggest that no depletion of sbBSCs was observed in Bcl-2^EKO mice, 
compared to treatment with ABT. Thus, they conclude that acute inhibition of Bcl-2 is required to 
render these cells sensitive to anoikis. While this is certainly a possibility, they fail to note that 
ABT is NOT selective for Bcl-2, as it also readily inhibits Bcl-xL and to lesser extent other 
antiapoptotic Bcl-2 family members (excluding Mcl-1). 
This recommendation is very well taken. According to the previous data (Sours et al. Nature 
medicine 2013) demonstrating high specificity of ABT-199 toward Bcl-2 (BCL-2: Ki<0.010 nM; 
BCL-XL: Ki=48 nM) we initially presumed Bcl-2 selectivity of ABT-199 in our studies. Although 
this view is commonly accepted, we cannot rule out the possibility that this inhibitor might in 
addition interfere with other Bcl-2 proteins, which might also apply for every chemical compound 
treatment in vivo. As this reviewer recommended, we now included this possibility as an 
explanation for the discrepancy between the ABT-199 treatment and the Bcl-2 knockout mice to 
our discussion. Independently, we would like to mention that in contrast to Bcl-2, Bcl-xL is not 
differently expressed in sbBSCs compared to bBSC and non-stem cells as demonstrated in new 
Appendix Fig. S1A. 
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3. In the second half of the paper, the authors utilize overexpression of Bcl-2 using a K14Cre 
driver to express Bcl-2 in stem cells. However, since they are using a LSL-Bcl2-IRES-GFP, it is 
unclear why they have not stained for GFP to verify the location of Bcl-2 expression? One 
suspects that Bcl-2 expression is present in both sbBSCs and bBSCs, which make it impossible 
to make any specific claims about Bcl-2's selective role in sbBSCs. 
We have included qRT-PCR and images for Bcl-2 expression and GFP detection in the back 
skin and epidermal tail whole mounts from Bcl-2EOE mice (LSL-Bcl2-IRES-GFP x K14Cre) in the 
revised version of our manuscript. These results indicate robust expression of Bcl-2 in all K14+ 
basal keratinocytes in HFs and the interfollicular epidermis and their progeny (new Appendix Fig.  
S4B-E). 
We agree with the reviewer that Bcl-2, as expected, is present in both, bBSCs and sbBSCs in 
Bcl-2EOE mice. Accordingly, changes in BSC function/architecture might not solely arise from the 
sbBSC subpopulation. We would like to point out that the data showing a role for anti-apoptotic 
proteins in sbBSCs emanate from the ABT-199 treatment studies and not form the analysis of 
Bcl-2 overexpressing mice. We have revised the text of the manuscript to better explain this 
issue and the rationale for generating the Bcl-2 overexpressing mouse model. In particular, we 
aimed to specifically test if Bcl-2 overexpression (and potential block in apoptosis) plays an 
instructive role in BSCs and is able to change composition and function of BSCs in vivo (new 
Fig. 4C) and to investigate Bcl-2 for SC function during hair regeneration and tumour formation 
(new Fig. EV4A-D). 
 
4. The authors stain with antibodies to aCasp9 and aCasp8 and conclude that both the intrinsic 
and extrinsic pathways are activated during cell death. Caspase-8 however can be cleaved 
downstream of the intrinsic pathway via a casp9 --> casp3 --> casp6 --> casp8 feedback loop 
and the cleaved caspase-8 is not active in this context. If caspase-8 were activated and cleaved 
with a TNF/Fas/TRAIL receptor DISC, Bcl-2 would not prevent this cleavage. 
We thank this reviewer for this critical point and rephrased our explanation regarding the 
stainings of caspases. Notably, the mechanistic details about caspases were not the main focus 
of our manuscript and rather will be investigated in a future project. Nonetheless, our 
immunofluorescence data show that antibodies against aCaspase-3 and aCaspase-9 detect the 
same hair follicle population during catagen and thus support our conclusion that aCaspase-3 
staining indeed marks apoptotic cells (see also point 1). 
 
5. All of the studies with Bcl-2 overexpression must be interpreted with caution, because Bcl-2 
will of course inhibit apoptosis in essentially any cell type in which it is expressed. The 
accumulation of cells within the follicle can in turn skew RNA-seq results, etc. because it 
becomes unclear whether changes in gene expression are simply due the presence of cells that 
would normally not be present. It is similarly questionable whether one can conclude that, since 
Bcl-2 overexpression blocked apoptosis in BSCs from K15deltaNLef1 mice, downregulation of 
Bcl-2 in these same cells is therefore responsible for the death that would normally be observed. 
This explanation is certainly plausible, but Bcl-2 overexpression would almost certainly inhibit 
cell death regardless of the precipitating stimulus. Similarly, given that BSCs are known to the 
targets of DMBA and give rise to skin cancer in chemically-induced skin carcinogenesis, it is 
entirely predictable that Bcl-2-mediated inhibition of apoptosis in treated BSCs would result in 
more tumors. 
We thank this reviewer for this very delicate point and we completely agree with the caution in 
the interpreting the data obtained by Bcl-2 knock-in. We first would like to mention that our 
RNAseq data were carried out in wild type mice without Bcl-2 overexpression. As also 
acknowledged by this reviewer, our Bcl-2 overexpression experiment and genetic “rescue” of the 

down-regulation of Bcl-2 in K15NLef1 mice provide a plausible explanation for the essential 
role of Bcl-2 in this context. In this regard, our previous analysis of other pro- and anti-apoptotic 
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molecules pointed to significant changes only in SC-specific Bcl-2 expression upon mutLef1 
expression (Petersson et al., 2015). To avoid any overstatement of these conclusions, we added 
this information and revised the text of the manuscript by deleting the following statement: 

“Apoptosis was efficiently blocked in K15NLef1/Bcl-2EOE mice, thus indicating that down-

regulation of Bcl-2 in BSCs is the reason for apoptosis in K15NLef1 mice”. 
Independently, the possible role of apoptosis for tumourigenesis is indeed predictable; however, 
the experiment and the data show the actual outcome and provide solid evidence for it.  This is 

particularly relevant for the K15NLef1 mice, where the block of apoptosis by Bcl-2 
overexpression is accompanied by a concomitant block in the proliferation of HF BSCs, 
suggesting the involvement of apoptosis-induced proliferation (AiP), a process that has been 
described in other tissues. Importantly, our data suggest the accumulation of (mutated) SCs and 

not proliferation per se as the driver for tumour formation in K15NLef1 mice. We have revised 
the text and included the proliferation data (new Fig. 6D,E) to clarify our observations.  
 
 
Minor criticisms: 
 
The authors should really consider providing more background information on normal hair follicle 
biology, particularly for a non-specialized journal. They should also consider adding more detail 
to the figure legends, reiterating the meaning of various abbreviations which are not immediately 
recognizable to a reader outside the field. 
As the reviewer suggested, we provide more background information as well as details in the 
figure legends in the current version of our manuscript. 
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point-by-point response  
Referee #3: 
 
This work describes how epithelial stem cells-expressed bcl-2 affect cyclic hair follicle growth. 
The author used ABT-199 as an antagonist for bcl-2 to assess the role of bcl-2 in hair 
regeneration. They showed that the lack of bcl-2 caused reduction in the expression of hair 
growth transcriptional factors such as Lef1 and Runx1, delaying anagen transition and hair 
graying. Moreover, they utilized Bcl-2EKO mice and observed apoptosis (anoikis) and loss of the 
supra-basal bulge stem cells (sbBSCs), indicating bcl-2 dependency of sbBSCs during telogen 
phase. In contrast, overexpression of bcl-2 within epidermis using Bcl-2EOE mice, blocked 
apoptosis and normal cell death in catagen, caused enlarged hair follicle bulge contain 
keratinocytes. Treatment of K15 ∆NLef1/Bcl-2EOE mice with DMBA progressed BSC-driven 
epidermal tumor formation and impaired transition of hair follicle from telogen to anagen phase. 
Collectively, this manuscript shows interesting new data dissecting the role for bcl-2 in bulge 
stem cell homeostasis and hair follicle regeneration. Figures are well organized and most 
images are beautiful. The study will be of interest for readers of this journal. 
 
The authors like to thank the reviewer for his/her positive evaluation and encouraging 
comments. Our response to the points raised by the reviewer are outlined below. 
 
The authors mentioned "FACS analysis of BSCs revealed the specific loss of CD34+/Itga6low 
BSCs upon ABT-199 treatment". It is not clear how long after treatment the authors have 
evaluated the BSCs? Please clarify. 
Based on the reviewers comment we have now included the experimental details in the figures 
(additions to Fig. 1A,C; Fig. EV1C).  
 
The authors have only evaluated the expression of the bcl2 in sbBSCs and bBSCs in bulge. The 
authors need to also assess the expression of bcl-2 in the sHG, and need more clear 
descriptions of in which cell types BCL2 is expressed among non bulge stem cells. 
To address this point we have performed additional experiments analysing the expression of 
Bcl-2 in the secondary hair germ (sHG) following sorting of sHG cells (Lgr5+ve/CD34- cells; Jaks 
et al. Nat Genet 2008) (Appendix Fig. S1B). The data show that sorted cells are positive for the 
HG marker P-cadherin and express slightly less Bcl-2 compared to BSCs (Appendix Fig. S1B).  
Further, we have analysed Lrig1+ve SCs of the junctional zone following sorting of GFP+ve 
keratinocytes from epidermis of Lrig1Cre-eGFP mice (Page et al. Cell Stem Cell 2013). As 
expected, GFP+ve cells express Lrig1 and are negative for the BSC marker CD34. Our data 
reveal that SC of the JZ express less Bcl-2 than BSCs (Appendix Fig. S1C). Together our data 
demonstrate that Bcl-2 is expressed at very low level outside the BSC with sbBSCs showing the 
highest expression. 
 
The authors need to address the hair gray phenotype in this study resulted only from the 
depletion of sbBSCs. Some molecular mechanisms underlying this need to be discussed. 
The hair greying phenotype results from depletion of Bcl-2-protected melanocytes as shown 
previously by conventional Bcl-2 knock out studies (Kamada et al. 1995; Veis et al. 1993; 
Yamamura et al. 1996) and is thus independent from sbBSC depletion following ABT-199 
treatment. We made textual changes to make this point more clear in the current version of the 
manuscript. 
 
The purpose of the study need to be more explicitly stated in the introduction. 
Based on this suggestion we have now revised the text of the manuscript to better explain the 
rationale of our study. 
  



 9 

point-by-point response  
Referee #4: 
 
Comments for the authors: 
 
In this manuscript, Geueke et al., document that a differential Bcl-2-expression within the hair 
follicle bulge regulates an anoikis response in suprabasal bulge cells and governs HF 
regeneration. Using a pharmacological inhibitor and a genetic mouse model overexpressing Bcl-
2 in the epidermis, the authors show that Bcl-2 function impacts on bulge organization, HFSC 
quiescence, and HF growth. Also, the authors observed that overexpression of Bcl-2 increases 
the incidence and frequency of skin tumors by promoting cell survival. 
  
Even though this proposal is interesting, I found the data in the manuscript still preliminary, and 
not of sufficient depth to state some of the proposed conclusions about the role of Bcl-2 in the 
regulation of HFSC function to provide an advance to the field. 
 
We thank the reviewer for his/her comments, insightful questions and helpful suggestions. We 
have performed additional experiments addressing most of the major points and included these 
new data in the revised version of the manuscript. We realized that some of our conclusions 
might have been overstated and, therefore, revised the text to better reflect our main 
observations and data interpretation. The authors believe that after significant additions to the 
manuscript, our submission will be of sufficient depth to provide an advance to the field. 
 
Our point-by-point response to the issues raised by the reviewer is outlined below. 
 
Major points: 
 
1. The most intriguing aspect of the manuscript is the finding of a different response within HF 
bulge cell populations in governing HF regeneration. The authors document an increased 
expression of Bcl2 in suprabasal cells, thereby an increased sensitivity to Bcl-2 inhibition to 
undergo apoptosis. But how sbBSC cell death during telogen leads to a delay in HF 
regeneration? 
The authors characterize total epidermal changes in Lef1 and Runx1 mRNA levels and 
document hair greying. Still, unfortunately, despite being the primary claim of the ms, the authors 
did not address how Bcl-2 regulated cell death governs the function of HFSC. Is it through 
deregulation of basal BSC activation, e.g., premature differentiation, senescence, signaling? 
The authors like to thank the reviewer for these interesting comments. The question raised by 
the reviewer ‘how Bcl-2 regulated cell death governs the function of HFSC’ is a wide-open 
mechanistic question, which encompasses a bigger question about the physiological role of 
sbBSCs in hair follicle maintenance that is not directly addressed by the current study. Based on 
our data, we propose that the abrupt loss of sbBSCs results in a disruption of the normal 
architecture of the bulge SC compartment and thus impacts on the physiological function of 
BSCs. In this context, the hypothesis that sbBSC directly affect bBSC via an intra-bulge SC 
crosstalk is interesting and appealing and is now discussed in the manuscript. A direct 
contribution of sbBSCs to hair follicle growth during anagen may be an interesting possibility. 
However, we would like to point out that lineage tracing experiments addressing this issue are 
currently not possible due to the lack of experimental tools, e.g. sbBSC specific Cre lines for 
lineage tracing of sbBSC.  
As we discuss in the manuscript, the hair greying phenotype is most likely not a direct 
consequence of sbBSC loss because it has been shown that Bcl-2 is required for melanocyte 
function (Kamada et al. 1995; Veis et al. 1993; Yamamura et al. 1996) and thus, the effect of 
ABT-199 treatment on hair greying may not involve HF bulge SCs per se. 
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2. Fig. 1. Is the Bcl-2-driven antiapoptotic response only relevant during the assessed competent 
telogen phase (P50) compared to the refractory and telogen-anagen transition stages? 
To address this question, we have performed additional ABT-199 treatment experiments. In 
addition to blocking Bcl-2 during the refractory telogen phase (P50) as demonstrated in the 
manuscript (Fig. 1 and 2, Fig. EV1C-D), we also blocked Bcl-2 later during the competent phase 
(P63 onwards). These data are shown in the new figure below and reveal that ABT-199 
treatment blocks subsequent anagen entry regardless of the time of treatment during both, the 
refractory and competent telogen. 
 

 
additional Figure: Blocking Bcl-2 during the competent telogen phase inhibits anagen entry of 
hair follicles. 
ABT-199 treatment starting at P63 during the competent stage of telogen hair follicles blocks 
subsequent anagen compared to control mice. 
 
3. The authors state, "mechanistically we demonstrate that an SC subpopulation undergoes 
anoikis during HF regeneration, thus explaining their strict Bcl-2 dependency." Unfortunately, the 
analyses are not of sufficient depth to reach those definite conclusions. On the one hand, the 
authors do not assess anoikis during HF regeneration, but in cell culture upon blocking integrin-
mediated adhesion (Fig. 1d). On the other hand, their cell system does not mimic the presence 
of SC subpopulations, nor a differential expression of Bcl-2 expression. Finally, it is well-
acknowledged that blocking integrin adhesion with antibodies leads to cell death in both Bcl-2 
dependent and independent ways, how do the authors link this global event to their model in HF 
regeneration? 
We agree with the reviewer that it is not experimentally possible to assess anoikis during HF 
regeneration under physiological conditions in vivo. Furthermore, given that the cell culture 
system is limited with regard to the distribution of BSC subpopulations, we have now removed 
the cell culture experiments and tuned down our conclusion following transcriptome analysis by 
stating that the RNA-seq results suggest a detachment-induced cell death mechanism. 
 
4. Page 7, last paragraph. The authors state, "our data show that Bcl-2 expression is essential to 
protect sbBSCs from detachment-induced apoptosis during telogen." In line with my previous 
comments, this has yet to be demonstrated. However, experiments in vitro can suggest it, does 
the overexpression of Bcl-2 protects basal cells in culture from cell death upon the addition of 
integrin blocking antibodies? What would be the effect of the inhibition of Bcl-2 under those 
conditions? 
We agree with the reviewer that the physiological relevance of the Bcl-2-dependent anoikis for 
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BSCs is difficult to experimentally address in vivo (please see also our response to major point 
3). Although the upregulation of anoikis-associated marker expression is detected specifically in 
sorted sbBSCs, other mechanistic possibilities may be considered. The authors realized that 
some of the conclusions might have been overstated and, therefore, revised the text to better 
reflect the main observations and data interpretation. 
The reviewer is correct by pointing out that cultivation of sbBSC population is difficult in the in 
vitro 3D model system (Chacon-Martinez et al. 2017). We thus removed these initial studies and 
revised the figures and text pointing out that our RNA-seq results suggest such a mechanism. 
 
5. Using mouse genetics, the authors overexpressed Bcl-2 in K14 positive cells and focused on 
different aspects, ranging from catagen, telogen characterization, and tumorigenesis. Although 
interesting, from this point, the flow of the manuscript was disrupted from the main focus: the 
requirement of Bcl-2-regulated cell death driven regulation of HF stem cell function. In any event, 
I have some suggestions regarding those findings, starting from point 6 below. 
We have rearranged the text and figures for a better “flow of the manuscript”. In particular, we 
changed the order of Bcl-2EOE experiments to explain the rationale for Bcl-2 overexpression in 
the context of the potential instructive role of Bcl-2 and apoptosis regulation for the composition 
of the BSC compartment. Furthermore, we added new data specifically overexpressing Bcl-2 
within HF BSCs (new Fig. EV4A-D). Please see our response below (major point 6).  
 
6. Fig. 4. Regressing HFs that eventually retract give rise to telogen-like HF. Based on their 
abnormal morphology - are these rather cysts than bonafide telogen HF? The authors proposed, 
based on K15 expression levels, the presence of an enlarged bulge. Are there any changes in 
basal and suprabasal HFSC populations based on a6 integrin High CD34+ versus a6 integrin 
Low CD34+ levels? 
Based on the reviewer’s suggestions, we have analysed the abnormal morphology of HFs in Bcl-
2EOE mice after catagen in more detail. As presented in Fig. 4A, Fig. EV2A-D, new Appendix Fig. 
S5 and S6, we do not identify any epidermal cyst formation in Bcl-2EOE mice and show that the 
abnormal HF are bona fide telogen HFs. Due to the block of apoptosis during catagen, our data 
suggest that in addition to HFSCs, the enlarged bulge area also consists of ORS keratinocytes 
and SC progeny that are normally lost during the regression phase of the hair cycle. In addition, 
we did not detect changes in sbBSC and bBSC as shown in new Fig. 4C in the revised 
manuscript.   
 
7. Since K14-Bcl2 mouse skin exhibits abnormally enlarged telogen-like HF, without showing an 
increase in cell proliferation, the authors state: "Clearly, Bcl-2 expression interferes with HF 
regression by inhibiting cell loss", as a potential explanation to the increased cellularity. A 
lineage-tracing system is required to state those conclusions. Are any markers of HF layers 
expressed in the telogen-like structures? FACS analyses of defined populations and expression 
of markers through PCR evaluation can provide better insight into this aspect than analyzing the 
mRNA expression of markers in the epidermis. 
Previous publications have shown that mainly basal epithelial cells of HF (ORS) undergo 
apoptosis during catagen and that the differentiated inner layers of the hair follicle are lost by 
upward terminal differentiation (Mesa et al. 2016). Our data show that these HF keratinocytes 
are prevented from undergoing apoptosis during catagen in Bcl-2EOE mice (Fig. 5C,D; Appendix 
Fig. S6B,C; Fig. EV3D). Based on the question raised by the reviewer, we have performed 
immunofluorescence staining and qRT-PCR analysis of markers for HF layers. As presented in 
new Appendix Fig. S5A-D, these studies show no expression of HF lineage markers in deformed 
“telogen” HF revealing that no differentiated hair keratinocytes contribute to the enlarged bulge 
area. Our data show that Bcl-2 expression blocks apoptosis specifically in the retracting 
epithelial strand during catagen (Fig. 5C,D). Given the observation that no increase in 
proliferation is detected in Bcl-2EOE mice (Fig. EV3C), we thus conclude that the survival of basal 
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HF keratinocytes (ORS cells) that are normally lost during catagen contributes to the increased 
cellularity in “telogen” HF in Bcl-2EOE mice. We revised the text to clarify our data.  
 
8. A role for Bcl-2 and other family members in skin tumorigenesis has been previously 
documented, in particular under skin stress conditions and photo DNA damage. Do the authors 
aim to propose a role for Bcl-2 in protecting K15 tumor-initiating cells from cell death? Page 10, 
last sentence. 
Although an exciting proposition, with the obtained results, it is not possible to reach those 
conclusions. The authors did not overexpress Bcl2 specifically in BSC but by using a K14 mouse 
model. The observed effect could be indirect, through signals arising from neighboring cells 
overexpressing Bcl2. However, control and CD34BclE2OE cells can be isolated and 
transplanted to compare their efficiency in tumor formation, survival, and proliferation. 
We agree that a BSC-specific overexpression of Bcl-2 or transplantation studies are required to 
make this conclusion. We have addressed this important point by performing tumour 
experiments expressing Bcl-2 specifically in the bulge (by crossing LSL-Bcl2-IRES-GFP and 
K19CreER mice). Importantly, we observed the promotion of tumour initiation in Bcl-2K19OE mice 
to a similar extent seen in the Bcl-2EOE mice. Thus, these experiments support our statement that 
Bcl-2 is protecting particularly SC/tumour-initiating cells from cell death. We have included these 
new data in Fig. EV4A-D. 
 
9. Fig. 5c. The authors quantified the number of aCas3+ cells, are there any differences in cell 
proliferation or differentiation between the different systems? 
We have now included the data analysing proliferation in new Fig. 6D,E in the revised version of 
our manuscript. Interestingly, our results showed that Bcl-2 expression reduced proliferation in 

K15NLef1 and suggested a mechanism of apoptosis-induced proliferation. We have detected 
no major changes in the differentiation of keratinocytes. 
 
10. Fig. 5. The authors should show if there are any differences in apoptosis and cell 
proliferation in the tumors shown in Fig 5g. 
We provide these data in new Appendix Fig. S7E,F of the revised manuscript. Our results show 

no differences in tumour proliferation and apoptosis between K15NLef1 and K15NLef1/Bcl-
2EOE mice. These data are in line with our hypothesis that Bcl-2 expressing HFSC are selected to 
give rise to tumours. Thus, we do not expect differences in proliferation or an increase in 

apoptosis in tumours of K15NLef1 mice compared to K15NLef1/Bcl-2EOE mice. 
 
11. The authors indicate that no changes in tumor type or sebaceous differentiation occur in their 
model compared to controls. However, in Extended Data Figure 7d, Scd1 expression levels 
differ from those observed in controls. 
Our results from IF stainings for sebaceous markers (Appendix Fig. S7C) show sebaceous gland 
differentiation and typical morphology of sebaceous tumours (Fig. 7D) for all the tumour samples 
analysed. Based on the reviewer’s comment we have analysed more tumours of both genotypes 
for SCD1 protein by western blotting and observed variability in tumours of both genotypes. The 
heterogeneity within the tumour tissue and variation in the cellularity/thickness of the overlaying 
interfollicular epidermis most likely explain the variability seen particularly in the western blot.  
 
 
Minor points. 
 
1. Page 4. The sentence "a continuous turnover and apoptosis of HG cells" is not clear. Please 
explain. 
We have deleted this sentence from the manuscript to avoid any speculation. 
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2. Extended data figure 1f. The pictures show a high level of aCas3+ in the HG upon ABT-199 
treatment. The representative image differs from the graph, where no significant differences in 
HG aCas3+ cells are shown. 
We observed variations in the number of aCas3+ve cells in HGs. The quantification of aCas3+ve 
cells as demonstrated in the graphs presented in Fig. 1B and Fig. EV1D revealed no significant 
differences in the number of HFs displaying positive HGs following ABT-199 treatment. A 
possible explanation for aCas+ve cells within the HG following ABT-199 treatment could result 
from the ABT-199 effect on melanocytes (Nishimura et al. 2011; Nishimura at al. 2002). We 
have included IF staining for the melanocyte marker Trp2 showing a high number of 
melanocytes residing in the HG (new Fig. EV1E). 
 
3. K14Cre- Rosa26LSL.Bcl2.IRES.GFP. A better characterization of the model is missing. What 
is the ratio of Bcl-2 increase compared to controls? Is Bcl-2 evenly expressed in K14 positive 
cells, or is there any mosaicism present in their system? 
Based on the suggestions made by the reviewer, we provide mRNA expression data for Bcl-2EOE 

mice in the revised manuscript. As shown in new Appendix Fig. S4B, Bcl-2 is on average 17 
times higher expressed in Bcl-2EOE mice when compared to litter mate controls. Further we 
include novel data analysing transgene expression (Bcl-2 and GFP+ cells) in epidermal tail whole 
mounts and backskin sections. These results reveal robust transgene expression in Keratin 14+ 
cells and their progeny in the HF, SG and IFE (new Appendix Fig. S4C-E). 
 
4. K14Cre- Rosa26LSL.Bcl2.IRES.GFP. The authors document an opposite response during 
catagen to the one observed previously using another K14 Bcl-2 mouse model, which instead 
led to an accelerated catagen progression (Muller-Rover et al. 1999). How do the authors 
reconcile the differences? 
Several of the main claims and observations made by these authors are in contrast to expected 
functions of an anti-apoptotic factor. We have the following possible explanations: first, the 
retracting epithelial strand could have been mistaken for an anagen HF (H&E presented in 
Figure 5; Müller-Röver et al. 2000). In this case, the phenotype would support our more detailed 
analysis revealing survival of ORS cells. However, more detailed analysis of HF morphology and 
marker expression from different stages of the hair cycle would be required for a better 
understanding of the phenotype presented by Müller-Röver et al. Second, we propose that the 
different K14Cre line (weaker) used by Müller-Röver et al. and the different keratinocyte 
populations targeted by us (transgene vs. genetic knock in) could be possible reasons for the 
different phenotypes.  
 
5. I believe reorganizing the manuscript could benefit the flow of ideas. For example, first, show 
the RNA seq analyses as a tool to address functional heterogeneity between basal and 
suprabasal cells. Second, focus on the identified cell death and survival pathways in suprabasal 
cells. Next, show the differential response of sbBSCs to the Bcl-2 inhibitor, to later focus on the 
potential mechanisms leading to the control of HF regeneration, etc. 
We have rearranged the order of experiments introducing the Bcl-2EOE mice and revised the 
manuscript accordingly. 



21st May 20211st Revision - Editorial Decision

Dear Dr. Niemann,

Thank you for the submission of your revised manuscript  to our editorial offices. We have received
the reports from two referees that were asked to re-evaluate your study, you will find below.
Unfortunately, the original referee #1 (from the submission tot  The EMBO Journal) never responded
to our invitat ions to re-assess the study. Nevertheless, looking through your p-b-p-response, we
consider his/her concerns as adequately addressed. Referee #1 (referee #4 form the submission to
The EMBO Journal) now supports the publicat ion of your study in EMBO reports. In contrast ,
referee #2 (also referee #2 form the submission to The EMBO Journal) remains crit ical and is not
sat isfied by the revisions. We have asked you to comment on the report  of referee #2.

Now, looking through all this, considering that referee #1 supports publicat ion (also after cross-
comment ing) and that two more referees were posit ive already about the previous submission (to
The EMBO Journal), and taking into account your response to the concerns of referee #2, we
decided to proceed with the manuscript  and invite a final revision. Please address the concerns of
referee #2 in a detailed point-by-point-response as suggested in your let ter. Moreover, please add
the data you ment ion in your let ter (to monitor platelet  counts and thrombopoiesis in the mice
exposed to ABT-199 under the experimental setup used to exclude a possible inhibit ion of Bcl-xL),
and please further discuss and ment ion the different scenarios indicated by referee #2 in the final
revised manuscript  text .

I also have these editorial requests I ask you to address:

- Please call out  the single figure panels in a sequent ial manner (or re-order the figure panels).
Present ly, Figs. 4F-H is called out after Fig 5, Fig EV5A is called out before Fig EV2 and Fig EV5B is
called out before Fig EV4.

- Please make sure that the number "n" for how many independent experiments were performed,
their nature (biological versus technical replicates), the bars and error bars (e.g. SEM, SD) and the
test  used to calculate p-values is indicated in the respect ive figure legends (also of the EV and
Appendix figures), and that stat ist ical test ing has been done where applicable. 

In Figure 6A you show error bars, although you indicate in the legend that only two replicates are
shown. Please show the two datasets separated here, without error bars. This is much more
transparent and illustrates better the data. Or add a third replicate to do proper stat ist ics.

- Could stat ist ical test ing be also performed for the diagrams in Figs. 1B (hair germ), 1D (bBSC), 2D
(Runx1), 4C, EV1 (hair germ), EV2E (for those graphs missing test ing), EV2A/B (for those graphs
missing test ing), S1B (Bcl2), S1C (lgr1, Bvl2), S2A, S4B and S7 E/F? If test ing has been done, but
there is no significant difference, please also indicate this in the diagrams.

- I would suggest moving the table with the primers in the methods sect ion tot  the Appendix
(Appendix Table S1) and add a call-out . Otherwise this needs to become Table 1 (with that callout)
and the table needs to be moved with a t it le and a legend to the end of the manuscript .

- Please combine the funding informat ion with the Acknowledgements. Please make sure that the
funding informat ion added into the online submission system is complete and similar to the one in
the manuscript  (in the Acknowledgements).



- Please name the 'Declarat ion of interest /conflict ' 'Conflict  of interest  statement '.

- Please update field F18 of the author checklist , indicat ing the accession code and the link to the
GEO database. Make sure that the data is public upon publicat ion of the paper.

- Please format the references and their callouts according to our journal style:
ht tp://www.embopress.org/page/journal/14693178/authorguide#referencesformat

- Finally, please find at tached a word file of the manuscript  text  (provided by our publisher) with
changes we ask you to include in your final manuscript  text , and some queries, we ask you to
address. Please provide your final manuscript  file with t rack changes, in order that we can see any
modificat ions done.

In addit ion, I would need from you: 
- a short , two-sentence summary of the manuscript  (not more than 35 words).
- two to four bullet  points highlight ing the key findings of your study.
- a schematic summary figure (in jpeg or t iff format with the exact width of 550 pixels and a height
of not more than 400 pixels) that  can be used as a visual synopsis on our website. 

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

Achim Breiling
Editor
EMBO Reports

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

I do not have any further comments about the manuscript . The authors conducted a series of new
experiments and modified the text  to address the major points I raised in its first  version. These,
together with the addit ional changes suggested by the other reviewers, improved the manuscript
and made it  suitable for publicat ion.

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

In this revised manuscript  by Geueke et  al., originally submit ted to EMBO J., the authors propose
that a very specific subset of stem cells in skin, i.e. suprabasal bulge stem cells (sbBSCs), are
essent ial for the cyclical regenerat ion of hair follicles and are uniquely protected from anoikis-
induced cell death by Bcl-2. As before, they come to this conclusion based on results from
peripheral administrat ion of ABT-199, an established human BCL-2 and BCL-XL inhibitor, as well as
knockout or overexpression of Bcl-2 in K14+ cells in mouse skin. The authors have responded to
this reviewer's previous crit icisms by performing some addit ional experiments, including confirmat ion
that sbBSCs are in fact  Casp3+ following treatment with ABT-199 (which is now much more
convincing), as well as staining for GFP and Bcl-2 in sect ions from Bcl-2 t ransgenic mice, confirming
that Bcl-2 is indeed expressed in all K14+ cells in the skin.

Unfortunately, the over-arching concerns raised previously remain. The authors st ill have not



provided any "direct" evidence that Bcl-2 is uniquely required for the maintenance of sbBSCs, nor
that that  anoikis is mediated by Bim and/or Bmf. ABT-199 is st ill not  select ive for BCL-2 - yes, it  has
a bit  lower Ki for BCL-2 than BCL-xL but it  is st ill a nanomolar inhibitor for both proteins and it  is very
unlikely that, when given to a mouse at  the dose chosen, it  select ively inhibits only Bcl-2. Moreover,
the fact  that  ABT-199 is given peripherally cannot rule out the possibility that  its effects on skin are
indirect . The authors emphasize that Bcl-2 mRNA expression is relat ively higher in sbBSCs than
other BSCs and cell-types in the bulge, but they admit  that  expression of Bcl-2 at  the protein level
is undetectable, even though they can readily detect  Bcl-2 protein in sbBSCs in their t ransgenic
mice. Can such low, undetectable levels of endogenous Bcl-2 really protect  sbBSCs from anoikis?
Perhaps, but the authors haven't  proven it .

The more direct  approach to KO Bcl-2 in K14+ cells is better, but  again the KO is not specific to
sbBSCs, and in any event, the authors did not observe specific deplet ion of sbBSCs, even in their
K14-restricted Bcl-2 condit ional KO, which might be expected if sbBSCs are in fact  uniquely
dependent upon Bcl-2 for survival, nor was there an accumulat ion of sbBSCs in their Bcl-2
transgenic mice. The authors argue that perhaps sbBSCs have compensated for the KO of Bcl-2 by
upregulat ing the expression of other ant iapoptot ic Bcl-2 family members, but they provide no
evidence of this. All told, it  is equally plausible that indirect  effects of ABT-199 on other cell types is
responsible for the cell death of sbBSCs, or perhaps it 's due to the combined inhibit ion of Bcl-2 and
Bcl-xL in sbBSCs, as previously quest ioned. To be clear, this reviewer appreciates the difficulty in
conduct ing these genet ic experiments, but the authors are t rying to make very specific claims
about sbBSCs that may be true but are simply not backed up with definit ive experiments. Toning
down their most important conclusions with words like "may" is unfortunately not a subst itut ion for
more definit ive experiments.

Finally, as noted before, the fact  that  overexpression of Bcl-2 in BSCs enhances DMBA-induced
skin cancer is not surprising, given that BSCs are known to be the essent ial targets of DMBA; and
the authors have not demonstrated that sbBSCs per se are the specific targets of DMBA or are
uniquely responsible for giving rise to tumors.
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Point by point response 

First of all, we are glad that reviewer #1 (former referee #4) appreciates the additional work 
and experimental data addressing the major critical points that improved the manuscript and 
now finds our revised manuscript suitable for publication. 

Here we would like to comment on the report and issues raised by referee #2. 

Referee #2: 

“In this revised manuscript by Geueke et al., originally submitted to EMBO J., the authors 
propose that a very specific subset of stem cells in skin, i.e. suprabasal bulge stem cells 
(sbBSCs), are essential for the cyclical regeneration of hair follicles and are uniquely 
protected from anoikis-induced cell death by Bcl-2.  As before, they come to this conclusion 
based on results from peripheral administration of ABT-199, an established human BCL-2 
and BCL-XL inhibitor, as well as knockout or overexpression of Bcl-2 in K14+ cells in mouse 
skin.  The authors have responded to this reviewer's previous criticisms by performing some 
additional experiments, including confirmation that sbBSCs are in fact Casp3+ following 
treatment with ABT-199 (which is now much more convincing), as well as staining for GFP 
and Bcl-2 in sections from Bcl-2 transgenic mice, confirming that Bcl-2 is indeed expressed 
in all K14+ cells in the skin.” 
We are pleased that this referee is now convinced by our important observation that sbBSCs 
are aCasp3 positive and undergo apoptosis following ABT-199 treatment. 

“Unfortunately, the over-arching concerns raised previously remain. The authors still have 
not provided any "direct" evidence that Bcl-2 is uniquely required for the maintenance of 
sbBSCs, nor that that anoikis is mediated by Bim and/or Bmf.” 
In our revised manuscript we do not make these conclusions. Instead we state on page 6/7: 
“Alternatively, although established as highly selective Bcl-2 inhibitor (Souers, Leverson et 
al., 2013), ABT-199 treatment may have interfered with other Bcl-2-family members or other 
anti-apoptotic proteins expressed by sbBSCs.” 
Furthermore, and as explained in our point-by-point response to the reviewer #1 (former rev 
#4) point #3, we do not predicate that “anoikis is mediated by Bim and/or Bmf” in our model. 
On page 7 of our revised manuscript we state that the RNA-seq and qRT-PCR data 
analysing sbBSCs (Fig 3B and C) suggest a mechanism of detachment-induced cell death. 
The discussion of this particular result is purely based on published work (Taddei, Giannoni 
et al., 2012; Puthalakath, Villunger et al., 2001; Taddei et al., 2012). In this context, we also 
explained that it is not possible to experimentally assess anoikis during HF regeneration 
under physiological conditions in vivo. 

“ABT-199 is still not selective for BCL-2 - yes, it has a bit lower Ki for BCL-2 than BCL-xL but 
it is still a nanomolar inhibitor for both proteins and it is very unlikely that, when given to a 
mouse at the dose chosen, it selectively inhibits only Bcl-2.” 
In our point-by-point response to this reviewer (point #2) we already referenced the extensive 
biochemical characterization of ABT-199 by Sours et al (Nature medicine 2013, PMID: 
23291630) demonstrating that ABT-199 has a subnanomolar affinity for BCL-2 with a Ki < 
0.010 nM (equivalent to 10pM) and bound over three orders of magnitude less avidly to BCL-
xL (Ki = 48 nM)“. The affinity of ABT-199 to BCL-2 is around 4800 times higher than to BCL-
xL! 

“Moreover, the fact that ABT-199 is given peripherally cannot rule out the possibility that 
its effects on skin are indirect.” 
We observe apoptosis of sbBSCs within 12 h following a single ABT-199 treatment using 
25mg/kg or 50mg/kg (compared to 100mg/kg ABT-199 used in most of the published in vivo 
studies, e.g. Vandenberg Blood 2013, PMID: 23341542; Vandenberg Blood 2013, 

8th Jul 20212nd Authors' Response to Reviewers
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PMID: 23341542). Moreover, only the cell population expressing the highest level of Bcl-2 in 
the skin is responding, thus strongly arguing against a non-cell-autonomous effect of the 
selective inhibitor. 
 
“The authors emphasize that Bcl-2 mRNA expression is relatively higher in sbBSCs than 
other BSCs and cell-types in the bulge, but they admit that expression of Bcl-2 at the protein 
level is undetectable, even though they can readily detect Bcl-2 protein in sbBSCs in their 
transgenic mice.  Can such low, undetectable levels of endogenous Bcl-2 really protect 
sbBSCs from anoikis?  Perhaps, but the authors haven't proven it.” 
Although it is true, that we did not detect Bcl-2 by IF staining in wildtype mouse skin, we do 
show Bcl-2 protein expression by western blot in isolated wild-type mouse skin epithelium 
(Fig. EV 4A). Thus, the statement of ‘undetcetable levels of endogenous Bcl-2’ is not correct. 
Our RNA expression data show a robust Bcl-2 expression and detect strong expression of 
Bcl-2 in sbBSCs when compared to bBSC and non-Bulge populations (Fig. 2A). We thus 
conclude that Bcl-2 RNA and protein expression is highest in sbBSCs. This fits well with our 
observation, that sbBSCs specifically respond to ABT-199 and suggests a protective role of 
Bcl-2 in sbBSCs. 
 
 
“The more direct approach to KO Bcl-2 in K14+ cells is better, but again the KO is not 
specific to sbBSCs, and in any event, the authors did not observe specific depletion of 
sbBSCs, even in their K14-restricted Bcl-2 conditional KO, which might be expected 
if sbBSCs are in fact uniquely dependent upon Bcl-2 for survival, nor was there an 
accumulation of sbBSCs in their Bcl-2 transgenic mice. The authors argue that perhaps 
sbBSCs have compensated for the KO of Bcl-2 by upregulating the expression of other 
antiapoptotic Bcl-2 family members, but they provide no evidence of this.” 
As discussed in our manuscript, the upregulation of other anti-apoptotic factors seems a 
plausible explanation for the observation. However, the mammalian skin epithelium is a 
highly plastic tissue and thus we envision that other mechanisms of compensation are also 
possible. These mechanistic studies of plasticity of different HF stem and progenitor 
compartments are not the main focus of our study.  
The more definitive experiment that this reviewer alluded to regarding specific depletion of 
sbBSCs is not possible with the current knowledge and tools in the field. 
Further, we did not expect an accumulation of sbBSCs in Bcl-2 transgenic mice since, and as 
shown by our experiments, the expression of Bcl-2 is not instructive to change the ‘type’ of 
BSC population (Fig 4C). 
 
“All told, it is equally plausible that indirect effects of ABT-199 on other cell types is 
responsible for the cell death of sbBSCs, or perhaps it's due to the combined inhibition of 
Bcl-2 and Bcl-xL in sbBSCs, as previously questioned.” 
As discussed above, we observe apoptosis of sbBSCs within 12 h following a single ABT-
199 treatment using 25mg/kg or 50mg/kg (compared to 100mg/kg ABT-199 used in most of 
the published in vivo studies, see above). Moreover, only the cell population expressing the 
highest level of Bcl-2 in the skin is responding, thus arguing against a non-cell-autonomous 
effect of the selective inhibitor.  
In contrast to BCL-2, antagonising of Bcl-xL using ABT263 (navitoclax) led to 
thrombocytopenia (Schoenwaelder et al, Blood 2011, PMID: 21673344), which has been 
explained by platelet survival being dependent on Bcl-xL (Mason et al, Cell 2007, 
PMID: 17382885). This prompted the development of ABT-199, a modified BH3-mimetic 
derivative of ABT-263, which maintains specificity for BCL-2, but lacks affinity for BCL-xL 
(Sours et al, Nature medicine 2013, PMID: 23291630). It is important to note that BCL-2 is 
dispensable for thrombopoiesis (Debrincat et al Cell Death and Disease 2015, 
PMID: 25880088) and a number of previous studies already excluded a relevant alteration of 
platelets in patients and also in mice after exposure to ABT-199 (Vogler et al, Br J Haematol 
2013, PMID: 23826785; Ganzel et al, Leukemia and Lymphoma 2020, PMID: 32420775; 
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Vandenberg Blood 2013, PMID: 23341542; Sours et al, Nature medicine 2013, PMID: 
23291630).  
In our revised version of the manuscript we also show that in contrast to Bcl-2, Bcl-xL is not 
differentially expressed in sbBSC (Exp. View Fig. 2A) further arguing against Bcl-xL as a 
main target in the ABT-199 response. 
In addition, we even mentioned the -very unlikely- possibility of potential contribution of other 
Bcl-2 protein members on page 6 of the revised manuscript stating: “Alternatively, although 
established as highly selective Bcl-2 inhibitor (Souers, Leverson et al., 2013), ABT-199 
treatment may have interfered with other Bcl-2-family members or other anti-apoptotic 
proteins expressed by sbBSCs.”   
 
We do agree that overwhelming amounts of ABT-199 may also interfere with BCL-xL. In 
order to exclude a possible inhibition of Bcl-xL, we have monitored platelet counts in our 
mice exposed to ABT-199 under the experimental setup specifically used in our studies 
(50mg/kg compared to 100mg/kg used in most of the in vivo studies mentioned above and 
analysis 15 hours following treatment). As demonstrated in the figure below, cell death of 
sbBSCs (detected by aCas3 IF staining) is detected 15h following ABT-199 administration. 
However, no changes in number of platelets are observed showing that ABT-199 does not 
affect Bcl-xL-dependent platelet survival. Thus, together with published results our data 
argue against a potential role of Bcl-xL in sbBSC depletion following ABT-199 treatment. 

 
Figure: ABT-199 treatment does not affect platelets. 
Mice were treated with ABT-199 (i.p. 50mg/kg) and analysed 15h later for aCas3 (IF, green) and 
platelet count. Note specific aCas3 staining of sbBSCs (arrows) and no significant changes in number 
of platelets. 
 
“To be clear, this reviewer appreciates the difficulty in conducting these genetic experiments, 
but the authors are trying to make very specific claims about sbBSCs that may be true but 
are simply not backed up with definitive experiments.  Toning down their most important 
conclusions with words like "may" is unfortunately not a substitution for more definitive 
experiments.” 
As this reviewer already rightly acknowledged, genetic experiments targeting specifically 
sbBSCs are not possible using existing knowledge and tools for sbBSCs.  
As we explained previously in our point-by-point response to this reviewer (point#3), only the 
data emanating from the ABT-199 treatment revealed the sbBSC-specific role for anti-
apoptotic proteins. The rationale for Bcl-2 overexpression in mouse epidermis was to test if 
Bcl-2 plays an instructive role and is able to change composition and function of BSCs in vivo 
and to investigate the consequences of blocking apoptosis for HF/tissue regeneration and 
not to investigate the role in sbBSCs.  
In our revised manuscript, we avoid making claims not supported by the data. Instead we 
discuss the most likely molecular and cellular mechanisms suggested by the results and we 
take other possibilities into consideration. Rather it seems that the reviewer is asking to 
provide proof for claims that are not made by us. 
 
“Finally, as noted before, the fact that overexpression of Bcl-2 in BSCs enhances DMBA-
induced skin cancer is not surprising, given that BSCs are known to be the essential targets 
of DMBA; and the authors have not demonstrated that sbBSCs per se are the specific 
targets of DMBA or are uniquely responsible for giving rise to tumors.” 
The results of the skin cancer experiments might be not surprising, however, the experiments 
need to be performed to show the actual outcome and to provide solid evidence. In our 
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manuscript we neither claim/conclude that sbBSCs are the specific targets of DMBA nor that 
they are uniquely responsible for giving rise to tumours.  
As for the formation of skin tumours, previous work has shown that non-BSCs can also give 
rise to tumours and the cell-of-origin is still not completely resolved for all the different types 
of skin tumours. Importantly, our novel data support that BSCs can give rise to sebaceous 
skin tumours. 
 



13th Jul 20212nd Revision - Editorial Decision

Dr. Catherin Niemann
University of Cologne
Center for Molecular Medicine Cologne
CMMC Research Building
Robert-Koch-Strasse 21
Cologne, NRW 50931
Germany

Dear Dr. Niemann,

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

At  the end of this email I include important informat ion about how to proceed. Please ensure that
you take the t ime to read the informat ion and complete and return the necessary forms to allow us
to publish your manuscript  as quickly as possible.

As part  of the EMBO publicat ion's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunct ion with your paper and will include the referee reports, your point-by-point
response and all pert inent correspondence relat ing to the manuscript .

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default  [contact :
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 art icle, as the authors have chosen not to
make the review process public in this case."

Should you be planning a Press Release on your art icle, please get in contact  with
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