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REFEREE REPORTS OBTAINED DURING PEER REVIEW ELSEWHERE AND AUTHOR
RESPONSES

Referee #1:

This manuscript presents the hypothesis that P38 MAPK regulates spermatogonial
stem cell self-renewal through a complex feedback loop involving MAPK14, MAPK7,
BCL6B and NADPH oxidase-generated ROS. While the experiments are generally
strong and support the pathway, there are some general and specific concerns.
General comments: The manuscript is long and very complicated. The Introduction is
far too long and involved. The Results section has much that could be shortened
and/or moved to Supplemental Files and the Discussion section spends a lot of time
rehashing the Results. The authors should consider shortening the description of
multiple experiments that address the same point, especially when they are in different
locations.

Specific Comments:

1. The pathway is extraordinarily complicated. The manuscript would be greatly
enhanced by the inclusion of a cartoon diagramming the proposed pathway.

2. On page 12 the authors mention that the MAPK?7 inhibitor XMD 8-93 may affect
progenitors but not stem cells. Therefore, to establish the effects on stem cells they
used a functional analysis of SSCs (germ cell transplantation). However, other
experiments were performed in the manuscript where conclusions were drawn about
the effects on SSCs without doing this functional assay. This needs to be clarified. For
example, on page 10-11 the authors describe stimulating GS cultures with cytokines
that increase MAPK7 phosphorylation and "self-renewal” (proliferation) and conclude
that this suggests MAPKY plays a role in SSC self-renewal. However, this was just a
proliferation assay and not the functional assay that the authors describe as a
necessary test to determine stem cell-specific effects. The authors describe the
cytokines used as "self-renewal factors". If there is some evidence that these cytokines
induce effects only in the stem cell population of GS cultures they should add this data
prior to this figure or refer to a prior publication that established this specialized stem
cell effect. Otherwise, it seems that some experiments are described as finding stem
cell specific effects without having performed the necessary functional assays to back
up the claim.

3. Throughout the manuscript/experiments changes in cellular ROS levels established
by FACS are shown as a single intensity plot from the FACS without any
guantification. In many instances, the change in ROS levels appears to be very small
though they are described as significant. The experiments should have been run more
than once and the quantified data on the ROS levels, including the error bars
indicating the variability of the results, should be shown along with statistics showing if
the differences are significant. It is unclear from the manuscript how many times the
FACS experiments were performed and on how many independent cell lines.

Referee #2:

Summary

In this follow-up study (from observations published in Morimoto et al., 2013 and
Morimoto et al., 2015), the authors extend our understanding of the role of ROS in
SSC self-renewal by further clarifying the relationship between ROS generation and
SSC self-renewal; particularly focusing on the underlying mechanisms downstream of
p38 MAPK. More interestingly, the authors propose a novel model implicating MAPK14
and ROS in a positive feedback loop that sustains SSC self-renewal.

Major Comments

© Life Science Alliance 2
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Using a combination of loss-of-function (genetic ablation, and small molecule
inhibitors) and gain-of-function (constitutively active mutants) assays, the authors
generally provide conclusive evidence regarding the contribution of the
MAPK14/MAPK7/BCL6B axis to NOX1-mediated ROS generation and SSC self-
renewal. However, the authors should consider addressing the following:
1. Although the requirement for BCL6B and ETV5 in SSCs has been reported
previously, the authors should confirm the role of Bcl6b and ETV5 within the context of
MAPK14-mediated ROS generation. For instance, the authors may consider
performing germ cell transplantation of GS cell cultures transfected with shRNA
(against Bcl6b or Etv5) in the presence of ROS induction (via hydrogen peroxide or
constitutively active Map2k5).
Unfortunately, evidence supporting the presence of a positive feedback loop is
inconclusive, and more evidence addressing the following points needs to be
provided:
2. Apart from Fig 1H, evidence of MAPK14 activation by ROS is limited. The authors
should examine if (&) hydrogen peroxide can increase MAPK14 phosphorylation, and
(b) if ROS scavengers can disrupt MAPK14 activation. In addition, it would be
preferable to provide data (or some discussion) addressing how NOX1-derived ROS
leads to MAPK14 activation.

3. The authors provide evidence (Fig. 1H) suggesting that "NOX1-mediated ROS
production is involved in MAPK14 phosphorylation". However, constitutively active
Map2k5, which leads to increased Nox1 expression and ROS levels (Fig 3D and E),
does not increase MAPK14 phosphorylation (Fig 3H). Similarly, MAPK7 deletion does
not reduce MAPK14 phosphorylation. If a positive feedback loop were involved, one
would expect to observe altered MAPK14 phosphorylation following constitutively
active Map2k5 expression or Mapk7 deletion; even if MAPK7 acts downstream of
MAPK14. Notably, the kinetics of MAPK14 phosphorylation (resulting from MAPK7
activation/deletion) would also be expected to be delayed (relative to cytokine
supplementation or ROS induction); since transcriptional upregulation of Nox1 via
Bcl6b is implicated. As such, the authors should consider assaying the kinetics of
MAPK14 phosphorylation (over several time intervals) in response to MAPKY
activation (i.e. constitutively active Map2k5).

Minor Comments

4. Regarding the importance of Noxa2 in Nox-1 mediated ROS generation, the authors
conclude that "Nox1 expression is the most critical factor in ROS generation” based on
the observation that Nox1 transfection alone generates ROS. However, it is possible
that endogenous Noxa?2 is present in amounts sufficient to support additional Nox1
activity. As such, the authors may consider including data on ROS generation after
Nox1 transfection AND Noxa2 shRNA knockdown in Fig 5.

5. For all ROS histogram plots, the authors should indicate the MFIs (or fold-change)
of the respective treatment conditions. In addition, it would be ideal if the MFIs from
replicate experiments are provided in the form of a bar chart (or equivalent) next to the
histogram plots. This will facilitate comparing the magnitude of change in ROS levels
between various experiments (e.g. MAPK14 deletion vs MAPK7 deletion).

6. The authors should also provide ROS data for Nox-1 KO cells in the presence of
cytokines or constitutively active Map2k5. This will serve as a reference for the
magnitude of ROS generated by NOX1.

7. The authors should consider providing quantification (relative to reference gene) for
Western blot results.

8. The authors may consider including an illustration of the proposed positive feedback
model in the last Figure to facilitate comprehension of the study at a glance.

Referee #3:

© Life Science Alliance 3
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In this study, Morimoto and the colleagues investigate the MAPK-dependent reactive
oxygen species (ROS) amplification mechanism, which regulates the self-renewal of
mouse spermatogonial stem cells (SSCs). By loss-of-function analysis, the authors
showed that specific MAPK proteins are critical for the self-renewal of SSCs and the
production of ROS in parallel, suggesting the presence of a feedback mechanism for
the amplification of ROS. The following biochemical analysis identified the BCL6B as a
mediator for ROS amplification downstream of MAPK signaling. In conclusion, these
results suggest that the MAPK14/MAPK7/BCL6B pathway creates a positive feedback
loop to promote the self-renewal of SSCs.

Major concerns:

The authors' finding showing the function of specific MAPKs in the self-renewal of
SSCs and the production of ROS is novel. The detailed mechanistic analysis would
potentially offer novel insights into the growth machinery of SSCs. However, some of
the data presented in the manuscript seem to lack coherence and do not appropriately
support the hypothesized ROS-amplification mechanism. For example, the authors
performed microarray analysis using loss-of-function models and chemical screening
analysis to identify the downstream mediators. However, the affected gene profile
seems to be quite distinct between these 2 independent analyses. Actually, Bcl6b was
identified only in the relatively small-scale chemical screening, suggesting that BCL6B
is not a mediator downstream of MAPK14/7, as the authors claim. This inconsistency
also suggests the possibility that BCL6B is one of the off-targets of chemical
inhibitors.

Furthermore, throughout the manuscript, the presented results in RT-PCR and
Western blotting lack the quantification data to support the authors' claim. Also, in the
FACS analysis, it is difficult to estimate to what degree ROS production is affected by
a specific condition in each experiment. For much of the data presented in the
manuscript, the effects of a specific condition seem to be quite nominal. On the other
hand, the signaling intensity measured by FACS analysis is quite changeable, even in
the same biological condition as shown in the presented data (e.g. the signal intensity
of the control shown in Fig. 6B, C), which suggests that there is considerable variation
between experiments. Thus, the authors should present replicated data in each FACS
experiment as described in the materials and methods. Moreover, additional
measurements of ROS production by other methods would reinforce the authors'
claim.

Finally, the authors claim that the positive feedback loop created by
MAPK14/MPAK7/BLC6B signaling induces ROS amplification, which promotes SSC
self-renewal. However, the presented results do not adequately support this scenario.
To confirm the positive feedback loop, the authors should examine whether p-MAPK14
and p-MPAKY are disrupted in Bcléb KO SSC/GS cells by the feedback effect.
Additionally, transcriptomic analysis of Bcléb KO GS cells should be done to assess
whether a subset of genes is commonly affected in Bcléb KO GS cells, Mapk14f/f GS
cells, Mapk7f/f GS cells, and Nox1 KD GS cells.

In conclusion, the current form of the manuscript does not meet the requirements for
publication in the EMBO Journal.

Other specific comments:

Fig. 1A

The authors claim that "Mapk11, Mapk12, and Mapk14 are strongly expressed in GS
cells" in the manuscript (page 7, line 5). However, the presented data do not support
this notion. To clarify how strongly each Mapk gene is expressed in GSCs, the authors
should quantify the expression level in several other tissues by real-time PCR.

Fig. 1D
The description of the FACS plot is confusing. The authors should describe which

© Life Science Alliance 4
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colored FACS plot shows the specific condition as shown in Fig. 1E.

Fig. 1D, E
To confirm the quantification results by FACS, the authors should present at least two
to four FACS replicates as described in the materials and methods.

Fig2.H

The description of the FACS plot is confusing. The authors should describe which
colored FACS plot shows the specific condition as shown in Fig. 1E.

To confirm the quantification results by FACS, the authors should present at least two
to four FACS replicates as described in the materials and methods.

Fig2.l
The authors should quantify the image of the Western blot bands. To confirm the
regulation of Nox1 by Mapk14, they should also perform real-time PCR.

Fig.3E

The description of the FACS plot is confusing. The authors should describe which
colored FACS plot shows the specific condition as shown in Fig. 1E.

To confirm the quantification results by FACS, the authors should present at least two
to four FACS replicates as described in the materials and methods.

Fig.3F-J
The authors should quantify the band image of the Western analysis. The molecular
weight of the specific protein band should be shown in each panel.

Fig.3H, |
The band pattern of p-MAPK14 seems to be different between each panel, which is
confusing. The cutting of the images should be done in the same manner.

Fig.4
The authors should examine whether ROS production is affected in the Mapk7 KO GS
cells as is the case in the Mapkl14 KO GS cells.

Fig.4H
The quantification of the gene expression level should be done by real-time PCR.

Fig.5B, C
The authors should do the real-time PCR analysis to quantify the gene expression
level.

Fig.5D, F

The description of the FACS plot is confusing. The authors should describe which
colored FACS plot shows the specific condition as shown in Fig. 1E.

To confirm the quantification results by FACS, the authors should present at least two
to four FACS replicates as described in the materials and methods.

Fig.5F

Here, the authors claim that Nox1 transfection alone is sufficient to generate ROS. To
this reviewer, however, the knockdown experiment seems to suggest that Noxa2 plays
a critical function in ROS production. As the following overexpression experiment is
done in the presence of endogenous NoxaZ2, it is not clear how Nox1 alone is sufficient
to generate ROS. To confirm their claim, the authors should assess whether Nox1 OE
can rescue the reduction of ROS generation even in the Noxa2 KD condition. They
should also overexpress Noxa2 and examine the effect on ROS production and SSC
self-renewal.

© Life Science Alliance 5
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Fig.5H
The authors should quantify both Noxal and NoxaZ2 levels by real-time PCR analysis.

Fig.6A

As described above, the presented data and related descriptions do not show the
MAPK14/MAPK7/BCL6B pathway as the authors claim. The authors should explain
the inconsistency between the microarray analysis and the chemical screening. They
should also exclude the possibility that these results are caused by off-target effects.
The quantification of gene expression should be done by real-time PCR.

Fig.6B, C, Appendix Fig S4

The knockdown efficiency of Bcl6b and other estimated factors should be confirmed by
real-time PCR.

The description of the FACS plot is confusing. The authors should describe which
colored FACS plot shows the specific condition as shown in Fig. 1E.

To confirm the quantification results by FACS, the authors should present at least two
to four FACS replicates as described in the materials and methods.

Fig.7B, D

In Fig. 7A, the signal intensity of BCL6B in the overexpression conditions seems to be
noticeably higher than that of the control, which is inconsistent with the modest
activation of BCL6B by Map2k5 as shown in Fig 7A. In Fig 7D, however, the BCL6B
signal of the control seems to be higher than the control signal in Fig. 7B, which is
confusing. The authors should present the image in low-power field.

Additionally, to confirm the result, the authors should perform real-time PCR and
Western blotting.

Fig.7C

The description of the FACS plot is confusing. The authors should describe which
colored FACS plot shows the specific condition as shown in Fig. 1E.

To confirm the quantification results by FACS, the authors should present at least two
to four FACS replicates as described in the materials and methods.

Fig.7E, F

The representative images seem to show that BCL6B is not expressed in Mapkl14 KO
and Mapk7 KO GS cells. However, the authors quantified the levels of BCL6B in the
nucleus in Mapk14 KO and Mapk7 KO GS cells, which is confusing. The authors
should present the image in low-power field.

Furthermore, to confirm the result, the authors should perform real-time PCR and
Western blotting.

© Life Science Alliance 6



Referee #1:

Thank you for your positive comments on our manuscript. We appreciate your

constructive comments on our manuscript.

This manuscript presents the hypothesis that P38 MAPK regulates
spermatogonial stem cell self-renewal through a complex feedback loop
involving MAPK14, MAPK7, BCL6B and NADPH oxidase-generated ROS.
While the experiments are generally strong and support the pathway,
there are some general and specific concerns.

General comments: The manuscript is long and very complicated. The
Introduction is far too long and involved. The Results section has much
that could be shortened and/or moved to Supplemental Files and the
Discussion section spends a lot of time rehashing the Results. The
authors should consider shortening the description of multiple
experiments that address the same point, especially when they are in
different locations.

With your suggestion, we shortened introduction and made changes in discussion
section. We also moved some figures to extended view figure section and Appendix

Figure section.

Specific Comments:

1. The pathway is extraordinarily complicated. The manuscript would be
greatly enhanced by the inclusion of a cartoon diagramming the proposed
pathway.

We agree. With your suggestion, we made a summary figure that incorporates our

findings and current thoughts (Fig 7I).

2. On page 12 the authors mention that the MAPK?7 inhibitor XMD 8-93 may
affect progenitors but not stem cells. Therefore, to establish the effects on



stem cells they used a functional analysis of SSCs (germ cell
transplantation). However, other experiments were performed in the
manuscript where conclusions were drawn about the effects on SSCs
without doing this functional assay. This needs to be clarified. For
example, on page 10-11 the authors describe stimulating GS cultures with
cytokines that increase MAPKY7 phosphorylation and "self-renewal"
(proliferation) and conclude that this suggests MAPK7 plays a role in SSC
self-renewal. However, this was just a proliferation assay and not the
functional assay that the authors describe as a necessary test to
determine stem cell-specific effects. The authors describe the cytokines
used as "self-renewal factors". If there is some evidence that these
cytokines induce effects only in the stem cell population of GS cultures
they should add this data prior to this figure or refer to a prior publication
that established this specialized stem cell effect. Otherwise, it seems that
some experiments are described as finding stem cell specific effects
without having performed the necessary functional assays to back up the

claim.

Thank you for pointing this out. We tried to be careful as much as possible, but this
experiment escaped out attention. We modified the sentence to indicate that MAPK7 is

involved in GS cell proliferation (page 10, line 9).

3. Throughout the manuscript/experiments changes in cellular ROS levels
established by FACS are shown as a single intensity plot from the FACS
without any quantification. In many instances, the change in ROS levels
appears to be very small though they are described as significant. The
experiments should have been run more than once and the quantified
data on the ROS levels, including the error bars indicating the variability
of the results, should be shown along with statistics showing if the
differences are significant. It is unclear from the manuscript how many
times the FACS experiments were performed and on how many

independent cell lines.



With your suggestion, we indicated the number of experiments and quantified the ROS
levels. Because of space limitation, we were not able to indicate error bars in the figure.
Instead, SEMs are shown in the figures and all statistical analyses on FACS

experiments were indicated in Appendix Table S1.

Thank you for your comments, particularly about the self-renewal division and

summary figure.

Referee #2:

Thank you for your positive comments on our manuscript. Eight points were raised in

the review.

Summary

In this follow-up study (from observations published in Morimoto et al.,
2013 and Morimoto et al., 2015), the authors extend our understanding of
the role of ROS in SSC self-renewal by further clarifying the relationship
between ROS generation and SSC self-renewal; particularly focusing on
the underlying mechanisms downstream of p38 MAPK. More interestingly,
the authors propose a novel model implicating MAPK14 and ROS in a
positive feedback loop that sustains SSC self-renewal.

Major Comments

Using a combination of loss-of-function (genetic ablation, and small
molecule inhibitors) and gain-of-function (constitutively active mutants)
assays, the authors generally provide conclusive evidence regarding the
contribution of the MAPK14/MAPK7/BCL6B axis to NOX1-mediated ROS
generation and SSC self-renewal. However, the authors should consider
addressing the following:

1. Although the requirement for BCL6B and ETV5 in SSCs has been
reported previously, the authors should confirm the role of Bcl6éb and
ETVS5 within the context of MAPK14-mediated ROS generation. For



instance, the authors may consider performing germ cell transplantation
of GS cell cultures transfected with shRNA (against Bcl6b or Etv5) in the
presence of ROS induction (via hydrogen peroxide or constitutively active
Map2k5).

Unfortunately, evidence supporting the presence of a positive feedback
loop is inconclusive, and more evidence addressing the following points

needs to be provided:

We agree. We carried out transplantation experiments that you suggested. As we
expected, the number of colonies was significantly decreased by Bcl6b or EtvS KD
even with Map2k$5 overexpression. We included the results in result section (page 19,

line 1) and included Fig EVS5.

2. Apart from Fig 1H, evidence of MAPK14 activation by ROS is limited.
The authors should examine if (a) hydrogen peroxide can increase
MAPK14 phosphorylation, and (b) if ROS scavengers can disrupt MAPK14
activation. In addition, it would be preferable to provide data (or some
discussion) addressing how NOX1-derived ROS leads to MAPK14

activation.

We did the experiments and found that hydrogen peroxide can increase MAPK 14
phosphorylation and that N-acetylcysteine can decrease the MAPK 14 activation (page 6,
line 7 from the bottom)(Fig 1E, F). We also included several sentences in the discussion

about how ROS leads to MAPK 14 activation (page 23, line 4).

3. The authors provide evidence (Fig. 1H) suggesting that

"NOX1-mediated ROS production is involved in MAPK14 phosphorylation®.
However, constitutively active Map2k5, which leads to increased Nox1
expression and ROS levels (Fig 3D and E), does not increase MAPK14
phosphorylation (Fig 3H). Similarly, MAPK7 deletion does not reduce
MAPK14 phosphorylation. If a positive feedback loop were involved, one
would expect to observe altered MAPK14 phosphorylation following



constitutively active Map2k5 expression or Mapk7 deletion; even if MAPK7
acts downstream of MAPK14. Notably, the kinetics of MAPK14
phosphorylation (resulting from MAPK?7 activation/deletion) would also be
expected to be delayed (relative to cytokine supplementation or ROS
induction); since transcriptional upregulation of Nox1 via Bcl6b is
implicated. As such, the authors should consider assaying the kinetics of
MAPK14 phosphorylation (over several time intervals) in response to
MAPKT?7 activation (i.e. constitutively active Map2k5).

Your prediction was correct. Map2k5 transfection increases MAPK7 phosphorylation
soon after transfection (Fig 3H), but did not show significant effect on MAPK14 at this
point. However, we found that MAPK 14 phosphorylation transiently increases after 5-6
days by Map2kS5 transfection (Fig 7E). We indicated this in the result section (page 19,

line 8 from the bottom). Thank you for your suggestions on this important point.

Minor Comments

4. Regarding the importance of Noxa2 in Nox-1 mediated ROS generation,
the authors conclude that "Nox1 expression is the most critical factor in
ROS generation™ based on the observation that Nox1 transfection alone
generates ROS. However, it is possible that endogenous Noxa2 is present
in amounts sufficient to support additional Nox1 activity. As such, the
authors may consider including data on ROS generation after Nox1
transfection AND Noxa2 shRNA knockdown in Fig 5.

Yes, this is another important point. When we transfected Nox1 ¢cDNA and Noxa2
shRNA, the increase in ROS did occur. This was also included in result section (page

15, line 4 from the bottom)(Fig 5J).

5. For all ROS histogram plots, the authors should indicate the MFls (or
fold-change) of the respective treatment conditions. In addition, it would
be ideal if the MFIs from replicate experiments are provided in the form of
a bar chart (or equivalent) next to the histogram plots. This will facilitate



comparing the magnitude of change in ROS levels between various
experiments (e.g. MAPK14 deletion vs MAPKY deletion).

We followed your advice and included mean + SEM of all flow cytometry data.
Because we were not able to find much space in the figure in the main text, we

incorporated the data in Appendix Table S1.

However, we are afraid that it is not possible to compare the data in different
experiments because we used different settings in some experiments. We described this
in the material method section so that readers do not misunderstand this point (page 27,

line 2 from the bottom).

6. The authors should also provide ROS data for Nox-1 KO cells in the
presence of cytokines or constitutively active Map2k5. This will serve as a
reference for the magnitude of ROS generated by NOX1.

We did this experiment and found that Nox1 depletion in cytokine-supplemented
cultures or after Map2k$5 transfection. Nox1 depletion decreased ROS levels, as we

expected (page 6, line 3; page 10, line 7 from the bottom)(Appendix Figs S1B and D).

7. The authors should consider providing quantification (relative to
reference gene) for Western blot results.

We quantified all the Western blots, as you suggested. Because we did not have space in

the figure, we incorporated the results in Appendix Table S2.
8. The authors may consider including an illustration of the proposed
positive feedback model in the last Figure to facilitate comprehension of

the study at a glance.

We included a summary figure in the last Figure, as you suggested (Fig 7I).



Thank you for your suggestions, particularly regarding the delayed phosphorylation of
MAPK14.

Referee #3:

Thank you for your suggestions to improve our manuscript.

In this study, Morimoto and the colleagues investigate the
MAPK-dependent reactive oxygen species (ROS) amplification
mechanism, which regulates the self-renewal of mouse spermatogonial
stem cells (SSCs). By loss-of-function analysis, the authors showed that
specific MAPK proteins are critical for the self-renewal of SSCs and the
production of ROS in parallel, suggesting the presence of a feedback
mechanism for the amplification of ROS. The following biochemical
analysis identified the BCL6B as a mediator for ROS amplification
downstream of MAPK signaling. In conclusion, these results suggest that
the MAPK14/MAPK7/BCL6B pathway creates a positive feedback loop to
promote the self-renewal of SSCs.

Major concerns:

The authors' finding showing the function of specific MAPKs in the
self-renewal of SSCs and the production of ROS is novel. The detailed
mechanistic analysis would potentially offer novel insights into the
growth machinery of SSCs. However, some of the data presented in the
manuscript seem to lack coherence and do not appropriately support the
hypothesized ROS-amplification mechanism. For example, the authors
performed microarray analysis using loss-of-function models and
chemical screening analysis to identify the downstream mediators.
However, the affected gene profile seems to be quite distinct between
these 2 independent analyses. Actually, Bcl6b was identified only in the

relatively small-scale chemical screening, suggesting that BCL6B is not a



mediator downstream of MAPK14/7, as the authors claim. This
inconsistency also suggests the possibility that BCL6B is one of the
off-targets of chemical inhibitors.

Furthermore, throughout the manuscript, the presented results in RT-PCR
and Western blotting lack the quantification data to support the authors'
claim. Also, in the FACS analysis, it is difficult to estimate to what degree
ROS production is affected by a specific condition in each experiment.
For much of the data presented in the manuscript, the effects of a specific
condition seem to be quite nominal. On the other hand, the signaling
intensity measured by FACS analysis is quite changeable, even in the
same biological condition as shown in the presented data (e.g. the signal
intensity of the control shown in Fig. 6B, C), which suggests that there is
considerable variation between experiments. Thus, the authors should
present replicated data in each FACS experiment as described in the
materials and methods. Moreover, additional measurements of ROS

production by other methods would reinforce the authors’ claim.

We repeated the FACS experiments three times and the statistical analysis was
performed. The reason why the control signals were different in Figs 6B and C was they
were taken at different settings. However, we used the same setting in the same
experimental comparison. We described this in the material method section so that

readers do not misunderstand this point (page 27, line 2 from the bottom)

We chose to use flow cytometry (based on CellROX Deep Red) to measure ROS levels
because this allowed detection of intracellular ROS. However, another popular method
based on L-012 can only detect extracellular ROS. It is also suggested to reflect
cytochrome P450 enzymes (Rezende et al., Free Radic Biol Med 2017; 102:57).

AmprexRed is another popular reagent, but this also detects extracellular ROS.

Although H2DCFDA is an alternative method for detecting intracellular ROS, CellROX
Deep Red is considered to be superior to H2ZDCFDA according to manufacturers’

instruction. Because we wanted to detect intracellular ROS and how much is produced



by NOX genes, we used flow cytometry and CellROX Deep Red. We also do not have
to prepare smaller numbers of cells because L-012 assay requires 1 x 10* — 1 x 10 cells.

These are the reasons why we used this method.

Finally, the authors claim that the positive feedback loop created by
MAPK14/MPAK7/BLC6B signaling induces ROS amplification, which
promotes SSC self-renewal. However, the presented results do not
adequately support this scenario. To confirm the positive feedback loop,
the authors should examine whether p-MAPK14 and p-MPAK?7 are
disrupted in Bcl6b KO SSC/GS cells by the feedback effect.

We carried out the experiment and found that Bel6b KD decreases the phosphorylation
of both MAPK 14 and MAPK7. We included the data in result section (page 19, line 5
from the bottom)(Fig 7F).

Additionally, transcriptomic analysis of Bcl6b KO GS cells should be done
to assess whether a subset of genes is commonly affected in Bcl6b KO
GS cells, Mapk14f/f GS cells, Mapk7f/f GS cells, and Nox1 KD GS cells.

We carried out RNA sequencing and included the data (page 16, line 6)(Appendix Fig
S4). However, it was not possible to find commonly affected genes. We speculate that
this may be because of the relatively low levels of target gene expression, which is a
problem of RNA sequence analysis. Indeed, when we analyzed Nox1 data in RNA
sequence, we were not able to find significant difference. As we wrote in the original
manuscript, Nox1 expression level is very low despite its importance. However,
real-time PCR analysis showed significant downregulation. Therefore, we came to think
that capturing these genes may not be easy using microarray or RNA sequencing.
Considering that similar experience was also reported (Mehta et al., Cancer Res
2016;76: 7151), it is probably possible that RNA sequencing is not always perfect to
detect such subtle changes. We cited this reference in the text to explain our thoughts

about this result (page 16, line 9).



Other specific comments:

Fig. 1A

The authors claim that "Mapk11, Mapk12, and Mapk14 are strongly
expressed in GS cells” in the manuscript (page 7, line 5). However, the
presented data do not support this notion. To clarify how strongly each
Mapk gene is expressed in GSCs, the authors should quantify the
expression level in several other tissues by real-time PCR.

We carried out real-time PCR and included the data (page 6, line 6)(Appendix Fig S2).

Fig. 1D
The description of the FACS plot is confusing. The authors should

describe which colored FACS plot shows the specific condition as shown
in Fig. 1E.

We are sorry for confusion. We indicated that the black lines indicate controls.

Fig. 1D, E

To confirm the quantification results by FACS, the authors should present
at least two to four FACS replicates as described in the materials and
methods.

We carried out three separate experiments. We included the mean fluorescence intensity

in all charts.

Fig2.H

The description of the FACS plot is confusing. The authors should
describe which colored FACS plot shows the specific condition as shown
in Fig. 1E.

To confirm the quantification results by FACS, the authors should present



at least two to four FACS replicates as described in the materials and
methods.

We indicated that the black lines indicate controls. We carried out three separate

experiments. We included the mean fluorescence intensity for all charts.

Fig2.l

The authors should quantify the image of the Western blot bands. To
confirm the regulation of Nox1 by Mapk14, they should also perform
real-time PCR.

We are sorry for confusion. The original figure was RT-PCR. We quantified the data by
real-time PCR (Fig 2G).

Fig.3E

The description of the FACS plot is confusing. The authors should
describe which colored FACS plot shows the specific condition as shown
in Fig. 1E.

To confirm the quantification results by FACS, the authors should present
at least two to four FACS replicates as described in the materials and
methods.

We indicated that the black lines indicate controls. We carried out three separate

experiments. We included the mean fluorescence intensity for all charts.

Fig.3F-J

The authors should quantify the band image of the Western analysis. The
molecular weight of the specific protein band should be shown in each
panel.

We quantified the band, as you suggested (Appendix Table S2). Molecular weight of

the band was also indicated in all Western blots.



Fig.3H, |
The band pattern of p-MAPK14 seems to be different between each panel,
which is confusing. The cutting of the images should be done in the same

manner.

We are sorry for confusion. We repeated the experiment and included a new figure.

Fig.4
The authors should examine whether ROS production is affected in the
Mapk7 KO GS cells as is the case in the Mapk14 KO GS cells.

We did this experiment and found that ROS levels are significantly downregulated in
Mapk7 KO GS cells (page 14, line 2)(Fig 4F).

Fig.4H
The quantification of the gene expression level should be done by
real-time PCR.

We did the experiment and included the data (Fig 4G).

Fig.5B, C
The authors should do the real-time PCR analysis to quantify the gene

expression level.

We did the experiment and included the data (Fig 5B, C).

Fig.5D, F

The description of the FACS plot is confusing. The authors should
describe which colored FACS plot shows the specific condition as shown
in Fig. 1E.

To confirm the quantification results by FACS, the authors should present



at least two to four FACS replicates as described in the materials and
methods.

We indicated that the black lines indicate controls. We carried out three separate

experiments. We included the mean fluorescence intensity for all charts.

Fig.5F

Here, the authors claim that Nox1 transfection alone is sufficient to
generate ROS. To this reviewer, however, the knockdown experiment
seems to suggest that Noxa2 plays a critical function in ROS production.
As the following overexpression experiment is done in the presence of
endogenous Noxaz2, it is not clear how Nox1 alone is sufficient to generate
ROS. To confirm their claim, the authors should assess whether Nox1 OE
can rescue the reduction of ROS generation even in the Noxa2 KD
condition. They should also overexpress Noxa2 and examine the effect on
ROS production and SSC self-renewal.

Yes, this was a reasonable question. With your suggestion, we carried out real-time
PCR and found that Nox1 and Noxa2 expression and regulation is not exactly the same.
We transfected Nox1 cDNA and Noxa2 shRNA and found that ROS levels did increase
(page 15, line 4 from the bottom)(Fig 5J). We also transfected Noxa2 cDNA. However,
there was no increase in ROS production or proliferation (page 15, line 7 from the

bottom)(Figs 51 and F).
Fig.5SH
The authors should quantify both Noxal and Noxa2 levels by real-time PCR

analysis.

We did the experiment and found that only Nox1 was upregulated (I suppose that your
meant Nox1 instead of Noxal)(Fig 5D).

Fig.6A



As described above, the presented data and related descriptions do not
show the MAPK14/MAPK7/BCL6B pathway as the authors claim. The
authors should explain the inconsistency between the microarray analysis
and the chemical screening. They should also exclude the possibility that
these results are caused by off-target effects.

The quantification of gene expression should be done by real-time PCR.

We think that the sensitivity of microarray is not high enough to detect Nox1 expression
level. We also carried out RNA sequence analysis and still could not find significant
changes. We think that this was because of the low sensitivity of the assays. We wrote

this possibility in the result section (page 16, line 9).

We also evaluated the off-target effects by using another set of inhibitors and included
the data (page 16 line 5 from the bottom)(Fig EV4B). Thank you for pointing this out.
We were able to reduce the number of candidate genes. Although Bcl6b was confirmed,

Sohlhl did not respond as we expected.

Fig.6B, C, Appendix Fig S4

The knockdown efficiency of Bcl6b and other estimated factors should be
confirmed by real-time PCR.

The description of the FACS plot is confusing. The authors should
describe which colored FACS plot shows the specific condition as shown
in Fig. 1E.

To confirm the quantification results by FACS, the authors should present
at least two to four FACS replicates as described in the materials and
methods.

We estimated the knockdown efficiency by real-time PCR, as you suggested (Appendix
Fig S3).

We indicated that the black lines indicate controls. We carried out at three separate

experiments. We included the mean fluorescence intensity for all charts.



Fig.7B, D

In Fig. 7A, the signal intensity of BCL6B in the overexpression conditions
seems to be noticeably higher than that of the control, which is
inconsistent with the modest activation of BCL6B by Map2k5 as shown in
Fig 7A. In Fig 7D, however, the BCL6B signal of the control seems to be
higher than the control signal in Fig. 7B, which is confusing. The authors
should present the image in low-power field.

Additionally, to confirm the result, the authors should perform real-time
PCR and Western blotting.

We added images in low-power field, as you suggested (Appendix Fig S5A).

We did real-time PCR and Western blot to confirm that there are no big changes in
RNA and protein levels of Bclob gene (page 19, line 10 from the bottom)(Appendix
Figs S5B and S5C).

Fig.7C

The description of the FACS plot is confusing. The authors should
describe which colored FACS plot shows the specific condition as shown
in Fig. 1E.

To confirm the quantification results by FACS, the authors should present
at least two to four FACS replicates as described in the materials and

methods.

We indicated that the black lines indicate controls. We carried out three separate

experiments. We included the mean fluorescence intensity for all charts.

Fig.7E, F

The representative images seem to show that BCL6B is not expressed in
Mapk14 KO and Mapk7 KO GS cells. However, the authors quantified the
levels of BCL6B in the nucleus in Mapk14 KO and Mapk7 KO GS cells,
which is confusing. The authors should present the image in low-power



field.
Furthermore, to confirm the result, the authors should perform real-time
PCR and Western blotting.

Although the signal is not very strong, there are BCL6B protein in both Fig 7E and F.
As you suggested, we incorporated images in low-power field (Appendix Fig S5A). We
also carried out real-time PCR (Appendix Fig S5B) and Western blot (Appendix Fig
S5C), but did not find significant changes.

Thank you for your suggestions, particularly regarding the delayed phosphorylation of
MAPK14 and real-time PCR analysis.
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Referee #3:

While the authors have addressed several specific concerns, especially the
guantification issues in each experiment to fulfill this reviewer's claims, they have not
clarified the reviewer's major concern, unfortunately. Specifically, for the hypothesized
ROS-amplification pathway, MAPK14/7/BCL6B is still not adequately demonstrated in
the manuscript, making it difficult to ascertain that this pathway is critical for ROS
amplification and SSC self-renewal. This reviewer pointed out the inconsistency
between two independent experiments (i.e. microarray in the Mapk7/14 mutant and
gene expression changes caused by inhibition of MAPK via small molecules) and
asked the authors to clarify whether BCL6B, which was identified only in the chemical
assay, is truly a mediator that creates the feedback loop downstream of MAPK7/14, as
they claim. The authors, however, did not present any additional data or a coherent
explanation for that matter to support their view. If they see that the inconsistency
comes mainly from the low detection level of the microarray or the RNA sequence like
in the case of Nox1, they should at least examine whether Bcl6b, and other subset of
genes identified in the chemical assay (Fig EV4), was also commonly affected in the
Mapk7/14 mutant, the Nox1 mutant, and the Bcl6b1l mutant by real-time gPCR, as this
reviewer commented. Related to this point, the RNA-sequence data does not seem to
be consistent with the microarray data-the top 50 genes screened in RNA sequencing
were very different from those of the microarray.
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Referee #3:

While the authors have addressed several specific concerns, especially
the quantification issues in each experiment to fulfill this reviewer's
claims, they have not clarified the reviewer's major concern, unfortunately.
Specifically, for the hypothesized ROS-amplification pathway,
MAPK14/7/BCLG6B is still not adequately demonstrated in the manuscript,
making it difficult to ascertain that this pathway is critical for ROS
amplification and SSC self-renewal. This reviewer pointed out the
inconsistency between two independent experiments (i.e. microarray in
the Mapk7/14 mutant and gene expression changes caused by inhibition
of MAPK via small molecules) and asked the authors to clarify whether
BCL6B, which was identified only in the chemical assay, is truly a
mediator that creates the feedback loop downstream of MAPK7/14, as
they claim. The authors, however, did not present any additional data or a
coherent explanation for that matter to support their view. If they see that
the inconsistency comes mainly from the low detection level of the
microarray or the RNA sequence like in the case of Nox1, they should at
least examine whether Bcl6b, and other subset of genes identified in the
chemical assay (Fig EV4), was also commonly affected in the Mapk7/14
mutant, the Nox1 mutant, and the Bcl6b1 mutant by real-time qPCR, as
this reviewer commented. Related to this point, the RNA-sequence data
does not seem to be consistent with the microarray data-the top 50 genes
screened in RNA sequencing were very different from those of the

microarray.

With your suggestion, we carried out real-time PCR to examine the expression of
candidate genes found by chemical studies. As we expected, Bc/6b was downregulated
in Mapki14 KO, Mapk7 KO and NoxI KD GS cells (Fig EV4C). Although the impact
was relatively weak compared with the chemical studies, this analysis also suggested

that Bcl6b is the strongest candidate.
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To this reviewer, the MAPK7/14/BCL6b pathway for ROS amplification is still unclear.
Since the down-regulation in the Bcl6b expression by Mapk7/14 deletion is limited, i.e.
around 70-80% of the wild type level in 6 replicates (Fig. EV4C), this result rather
suggests that the role of MAPK7/14 in Bcl6bl activation for ROS-amplification is not a
major pathway as the authors claim. It is also quite possible that other (known or
unknown) factors than Mapk7/14 affected by small molecules are critical for the
activation of Bclébl. Indeed, small molecules show a relatively strong negative effect
on many other factors whose deficiency causes defective spermatogenesis (Fig.
EV4A), while the effect on these factors is relatively small in Mapk7/14 mutant (Fig.
EV4C).

Additionally, the authors should explain the inconsistent result between RNA-seq and
microarray, the quite different outcome of screened genes, which this reviewer pointed
out in the previous review. They should also present the raw signal intensity of gene
sets shown in Fig. EV4C to support the validity and their claim.

© Life Science Alliance 8



1st Editorial Decision March 11,2019

March 11,2019
RE: Life Science Alliance Manuscript #LSA-2019-00374-T

Dr. Takashi Shinohara
Kyoto University
Molular Genetics
Yoshida Konoe

Sakyo

Kyoto, Kyoto 606-8501
Japan

Dear Dr. Shinohara,

Thank you for transferring your revised manuscript entitled "ROS amplification drives mouse
spermatogonial stem cell self-renewal" to Life Science Alliance. Your manuscript was reviewed
several times at another journal before, and the editors transferred those reports to us with your
permission.

The reviewer who evaluated the revised versions of your work thought that it remains unclear
whether MAPK7/14/Bcl6b1 activation for ROS-amplification is a major pathway, pointing out that
there may be MAPK7/14-independent pathways leading to Bcl6bl activation. We think this concern
can get addressed by text changes, leaving room for alternative explanations for the observations
made. The remaining concern regarding inconsistency between RNA-seq and microarray data
should get addressed by further discussion and the request for raw signal intensity of gene sets for
current Fig. EV4C should get addressed. We would then be happy to accept such a further revised
manuscript for publication here.

Please also address the following editorial points when preparing the final version of your work:

- please note that at LSA we only have supplementary figures and tables (no EV figures nor
Appendix files). I'd appreciate if you could revise your manuscript accordingly.

- please note that current figure EV5 is missing the panel descriptors (‘A','B'..)

- please upload all figure files as individual ones

- please note that currently a callout to appendix table S4 is missing from the text

- please link your ORCID iD to your profile in our submission system, you should have received an
email with instructions on how to do so

If you are planning a press release on your work, please inform us immediately to allow informing our
production team and scheduling a release date.

To upload the final version of your manuscript, please log in to your account:
https://lsa.msubmit.net/cgi-bin/main.plex

You will be guided to complete the submission of your revised manuscript and to fill in all necessary
information.



To avoid unnecessary delays in the acceptance and publication of your paper, please read the
following information carefully.

A.FINAL FILES:
These items are required for acceptance.
-- An editable version of the final text (DOC or .DOCX) is needed for copyediting (no PDFs).

-- High-resolution figure, supplementary figure and video files uploaded as individual files: See our
detailed guidelines for preparing your production-ready images, http//www life-science-
alliance.org/authors

-- Summary blurb (enter in submission system): A short text summarizing in a single sentence the
study (max. 200 characters including spaces). This text is used in conjunction with the titles of
papers, hence should be informative and complementary to the title. It should describe the context
and significance of the findings for a general readership; it should be written in the present tense
and refer to the work in the third person. Author names should not be mentioned.

B. MANUSCRIPT ORGANIZATION AND FORMATTING:

Full guidelines are available on our Instructions for Authors page, http/iwww life-science-
alliance.org/authors

We encourage our authors to provide original source data, particularly uncropped/-processed
electrophoretic blots and spreadsheets for the main figures of the manuscript. Iif you would like to
add source data, we would welcome one PDF/Excel-file per figure for this information. These files
will be linked online as supplementary "Source Data" files.

**Submission of a paper that does not conform to Life Science Alliance guidelines will delay the
acceptance of your manuscript **

**It is Life Science Alliance policy that if requested, original data images must be made available to
the editors. Failure to provide original images upon request will result in unavoidable delays in
publication. Please ensure that you have access to all original data images prior to final
submission **

**The license to publish form must be signed before your manuscript can be sent to production. A
link to the electronic license to publish form will be sent to the corresponding author only. Please
take a moment to check your funder requirements.**

**Reviews, decision letters, and point-by-point responses associated with peer-review at Life
Science Alliance will be published online, alongside the manuscript. If you do want to opt out of this
transparent process, please let us know immediately.**

Thank you for your attention to these final processing requirements. Please revise and format the
manuscript and upload materials within 7 days.

Thank you for this interesting contribution, we look forward to publishing your paper in Life Science
Alliance.



1st Revision - Editorial Decision March 18,2019

March 18,2019
RE: Life Science Alliance Manuscript #LSA-2019-00374-TR

Dr. Takashi Shinohara
Kyoto University
Molular Genetics
Yoshida Konoe

Sakyo

Kyoto, Kyoto 606-8501
Japan

Dear Dr. Shinohara,

Thank you for submitting your Research Article entitled "ROS amplification drives mouse
spermatogonial stem cell self-renewal”. | appreciate the introduced changes and it is a pleasure to
let you know that your manuscript is now accepted for publication in Life Science Alliance.
Congratulations on this interesting work.

The final published version of your manuscript will be deposited by us to PubMed Central upon
online publication.

Your manuscript will now progress through copyediting and proofing. It is journal policy that authors
provide original data upon request.

Reviews, decision letters, and point-by-point responses associated with peer-review at Life Science
Alliance will be published online, alongside the manuscript. if you do want to opt out of this
transparent process, please let us know immediately.

***IMPORTANT : If you will be unreachable at any time, please provide us with the email address of
an alternate author. Failure to respond to routine queries may lead to unavoidable delays in
publication.***

Scheduling details will be available from our production department. You will receive proofs shortly
before the publication date. Only essential corrections can be made at the proof stage so if there
are any minor final changes you wish to make to the manuscript, please let the journal office know
now.

DISTRIBUTION OF MATERIALS:

Authors are required to distribute freely any materials used in experiments published in Life Science
Alliance. Authors are encouraged to deposit materials used in their studies to the appropriate
repositories for distribution to researchers.

You can contact the journal office with any questions, contact @life-science-alliance.org

Again, congratulations on a very nice paper. | hope you found the review process to be constructive
and are pleased with how the manuscript was handled editorially. We look forward to future exciting
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