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1st Editorial Decision 13" April 2018

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the three referees whom we asked to evaluate your manuscript.

As you will see from the reports below, while referees 2 and 3 are overall positive and support
publication of the article in EMBO Molecular Medicine (pending appropriate revisions), referee 1
mentions the inadequacy of the cell line used (isolated from pleural effusions) and the limitations of
the translational applications of your study.

Therefore, an adequate and thorough discussion on these two points, as well as addressing the
reviewers' concerns in full will be necessary for further considering the manuscript in our journal,
with the exception of additional validation of the JINK signature (referee 1, point 6). EMBO
Molecular Medicine encourages a single round of revision only and therefore, acceptance or
rejection of the manuscript will depend on the completeness of your responses included in the next,
final version of the manuscript.

REFEREE REPORTS.

Referee #1 (Comments on Novelty/Model System for Author):

See text under 6 regarding cell lines used and insufficient description of patient series.
Referee #1 (Remarks for Author):

In this manuscript, the authors report that activation of the JNK pathway results in:

1) induction of ECM, wound healing response and stem cell properties.

2) a worse prognosis of breast cancer patients.
3) critical involvement in tumor initiation and metastasis in xenograft mouse models.
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4) conferring resistance to chemotherapy.

General remarks:

We know from literature that the JNK pathway has been implicated in many different processes that
might be related to tumor initiation, progression and metastasis, but also in central process in each
and every cell. Obviously, any stressed cell is prone to activate the JNK pathway, being upstream
(cause), downstream (consequence), not directly related to the perturbations done (epiphenomenon)
or even mixed. In addition, it is not easy to pinpoint which of the observed phenomena in the
different systems used (human samples, tumoroids, cell lines, xenografts, ...) can be mechanically
attributed to JNK pathway activation.

Therefore, the experimental findings need a very cautious interpretation throughout the manuscript.
Yet, quite a few observations are interpreted as being in line with the hypothesis, but robust
validation is partly lacking. In addition, some essential info is missing to put the results into
perspective.

Comments and questions:

1. Fig. 1A shows a KM-curve. Essential information about subtypes, treatment, etc. are missing, but
should be provided.

2. The differences in IHC shown in Fig. 1B are not sufficiently convincing. It should be taken into
account that the size and 'age' of the tumor is different, that just slight differences in the fixation
might be enough to cause such differences. For example, many researchers fix the mammary fat
pads as a whole before sectioning. Formalin does not penetrate very well fatty tissue.

3. The cell line used is derived from a triple negative breast cancer isolated from pleural effusions. It
is highly uncommon for triple negative or basal-like breast cancer to develop pleural effusions like
e.g. invasive lobular cancer. TN/basal-like breast cancer is much more prone to metastasize to e.g.
the brain. In addition, interpretation of experimental results on cell lines isolated from pleural
effusions is a slippery slope. Moreover, wnt signaling is not a prominent signal in the great majority
of breast cancer. In this cell line, it is.

4. It is no surprise that the cell line used is very much dependent on the INK pathway activation.

5. It is not at all a surprise that the tumoroids are dependent on JNK pathway activation.

6. The activated JNK pathway signature has not been sufficiently validated.

7. One would expect much more activation of the JINK pathway in basal like (or triple negative)
high grade breast cancers. The cells from these tumors proliferate much faster than e.g. most ER-
positive tumors. This in itself is causing quite some stress, in particular when oxygenation and
'"nutrition’ is insufficient, necrosis occurs and this necrosis also initiates an inflammatory response.
8. The authors performed a GSEA according to the method as published in 2005. Subsequently, they
compared resulting gene lists with some that were already published as well as their own JNK
pathway signature. Computational biology is not my primary expertise, but it seems that this
approach runs a serious risk of overfitting and a biased focus on processes that have been described
before to be involved in tumor initiation, progression, and metastasis, i.e. the usual often non-
specific suspects.

9. How is 'stemness' defined?

10. Last but not least, stating that targeting activation of the JNK pathway might be a promising new
treatment strategy is way too premature that might generate false hope. It is highly likely that
targeting such a central process in the cell will eventually lead to an effective treatment without
unacceptable toxic side effects, is not realistic.

Referee #2 (Comments on Novelty/Model System for Author):
This is a high quality and highly translational study.
Referee #2 (Remarks for Author):

In this manuscript Rodriguez et al describe a series of experiments in which they generate evidence
to indicate that metastasis and chemotherapy resistance are JNK-dependent events in breast cancer
(basal subtype in particular). They go on to show this is mediated via c-JUN induced transcriptional
control of the expression of SPP1 and TNC. This is a solid study and the in vitro and in vivo cell
line data are corroborated by frequent reference to patient samples and publicly available datasets.
The authors make a strong case for considering the inclusion of JNK inhibitors in standard of care
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treatment of patients with JNK+++ breast cancers.

There are a few concerns that I would like the authors to consider.

1. It would be helpful to quantitate the data in suppl fig 1A.

2. There are no stats on Fig 4C & D or Suppl Fig 8D

3. The data in Fig 4D & G (intercepts the Y axis very high) would suggest that SPP1 is not as
critical to the metastasis phenotype as is TNC1. The authors may wish to comment on this.

4. It was unclear to me whether the data in Fig 5D & E were derived from metastatic foci that had
seeded from a primary xenotransplant tumour or whether these were "metastases" that were derived
from an iv injection. This should be made clear in the text.

5. Fig 6 C & D. The reduced metastatic activity is likely explained by the reduced tumour cell
numbers following the combination of chemo + SPPP1 depletion. This should be stated in the text.
Significantly though, it is a very impressive reduction in metastatic activity in the SPP1 deficient
cells alone.

Referee #3 (Remarks for Author):

This carefully executed study confirms and strengthens previous papers on the links between JNK
stress signalling, the extracellular matrix (ECM) and aspects of tumorigenesis. Stress initiated by
chemotherapies exploits these pathways, hence the inhibition of JNK signalling or disruption of the
expression of the emerging ECM proteins SPP1 and TNC sensitizes experimental breast
cancer/metastasis models to chemotherapy.

The experiments carried out are technically strong and the link between basal-like breast cancer with
significant stem-cell like features and high JNK activity is clearly established. The role of SPP1 and
TNC as 'mediators' of INK signalling is not entirely proven. Although there is a clear link to the c-
Jun transcription factor and to tumor progression and chemoresistance no mechanisms are
established. These proteins have previously been implicated in such events and it would be
interesting to know if other, perhaps more novel, ECM proteins were evident in the data analyses
and may play similar roles. The in vitro studies here were confined to tumor cell lines but the role of
the stroma in tumorigenesis is acknowledged, but not studied. Some discussion of the relative role of
these and other ECM proteins of the tumor and stroma in tumorigenesis and metastasis would be
helpful, as well as further acknowledgement of previous work and how this study complements what
is already known.

p-10 line 13 up - the patients were treated with the JNKi

1st Revision - authors' response 18" June 2018

Point by point responses to reviewers

We would like to thank the reviewers for very insightful comments. We have revised our manuscript
accordingly. We have also extended the main methods and included full blot pictures as source data
for all Western blots used in the manuscript. Changes in the text are highlighted in the red-lined
version of the manuscript. Specific reviewer’s points are discussed below.

Referee #1 (Comments on Novelty/Model System for Author):

See text under 6 regarding cell lines used and insufficient description of patient series.

Referee #1 (Remarks for Author):

In this manuscript, the authors report that activation of the JNK pathway results in:

1) induction of ECM, wound healing response and stem cell properties.

2) a worse prognosis of breast cancer patients.

3) critical involvement in tumor initiation and metastasis in xenograft mouse models.

4) conferring resistance to chemotherapy.

General remarks:
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We know from literature that the JNK pathway has been implicated in many different processes that
might be related to tumor initiation, progression and metastasis, but also in central process in each
and every cell. Obviously, any stressed cell is prone to activate the INK pathway, being upstream
(cause), downstream (consequence), not directly related to the perturbations done (epiphenomenon)
or even mixed. In addition, it is not easy to pinpoint which of the observed phenomena in the
different systems used (human samples, tumoroids, cell lines, xenografts, ...) can be mechanically
attributed to JNK pathway activation.

Therefore, the experimental findings need a very cautious interpretation throughout the manuscript.
Yet, quite a few observations are interpreted as being in line with the hypothesis, but robust
validation is partly lacking. In addition, some essential info is missing to put the results into
perspective.

Comments and questions:
1. Fig. 1A shows a KM-curve. Essential information about subtypes, treatment, etc. are missing, but
should be provided.

We have included a supplementary table with the available relevant clinical information of patient
samples used in Fig.1A. The table is included in the Appendix Table S1.

2. The differences in IHC shown in Fig. 1B are not sufficiently convincing. It should be taken into
account that the size and 'age' of the tumor is different, that just slight differences in the fixation
might be enough to cause such differences. For example, many researchers fix the mammary fat
pads as a whole before sectioning. Formalin does not penetrate very well fatty tissue.

We used patient-matched primary tumors and metastases for the comparison of p-c-Jun (from 12
patients). These patients are likely to have primary tumors at different sizes and metastatic nodules
also varying in size. The quantification (shown with log10 scale) and paired t test (Fig. 1C) revealed
a statistically significant increase in p-c-Jun+ cells / tumor area in the metastases compared to the
primary tumors, thus penetrating the difference that may be caused by variable tumor sizes. The
presence of adipose tissue in our samples was minor and did not make any impact on the
immunostaining. Phosphorylated c-Jun staining was consistent and adipose tissue content did not
show a negative correlation with staining intensity or number of p-c-Jun positive cells.

3. The cell line used is derived from a triple negative breast cancer isolated from pleural effusions. It
is highly uncommon for triple negative or basal-like breast cancer to develop pleural effusions like
e.g. invasive lobular cancer. TN/basal-like breast cancer is much more prone to metastasize to e.g.
the brain. In addition, interpretation of experimental results on cell lines isolated from pleural
effusions is a slippery slope. Moreover, wnt signaling is not a prominent signal in the great majority
of breast cancer. In this cell line, it is.

We used 2 triple negative breast cancer cell lines, MDA231-LM2 and SUM159-LM1, for most
functional experiments. The reason for this choice is twofold. Firstly, when analyzing clinical
samples we observed that JNK activity is enriched in lung metastases as compared to patient-
matched primary tumors (Fig. 1B). Therefore, we used MDA231-LM2 and SUM159-LM1 cells that
readily metastasize to the lungs when injected into mice. Secondly, triple negative or basal-like
breast cancers are especially prone to metastasize to visceral organs, particularly to the lungs, while
this subtype is less prevalent in patients that develop bone metastasis (Rodriguez-Pinilla SM et al
Clin Cancer Res 2006, Liedtke C et al J Clin Oncol 2008, Gong Y et al Sci Rep 2017).
Accumulation of pleural fluids is not uncommon in patients with visceral metastasis and thus triple
negative patients do indeed develop this condition (De Rose YS et al Nat Med 2011, Gomez-
Miragaya J et al Stem Cell Reports 2017).

Our functional data are not only based on the use of cancer cells derived from pleural effusions or
ascites, but also based on experiments performed using cells originally derived from a human breast
tumor. Although the parental line of MDA231-LM2 breast cancer cells (MDA-MB-231) is derived
originally from a pleural effusion, the parental line of SUM159-LM1 cells (SUM-159) is derived
from a primary tumor (Flanagan L et al Breast Cancer Research and Treatment 2000). Furthermore,
we have validated our findings in clinical samples and publicly-available datasets from primary
tumors and metastases from patients.
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4. It is no surprise that the cell line used is very much dependent on the INK pathway activation.

We would argue that a dependency on JNK signaling is highly context dependent. For example,
neither cell lines that we used (MDA231-LM2 and SUM159-LM1) are dependent on JNK pathway
activation for their maintenance in regular tissue culture conditions — that is, cultured as a
monolayer, in the presence of serum (in vitro treatment with JNK inhibitor under these conditions
did not result in any changes in proliferation or survival — see Fig. EV1 B and C). However,
dependency on JNK activity becomes evident under conditions of increased stress (i.e. in vivo, in
suspension cultures (oncospheres) or chemotherapy exposure.

5. It is not at all a surprise that the tumoroids are dependent on JNK pathway activation.

Based on the enrichment of JNK signature and induction of p-JNK and p-c-Jun that we observed in
sphere cultures (Fig. 3B and C), it seemed indeed logical that cancer cells would potentially benefit
from JNK signaling to grow as spheroids.

6. The activated JNK pathway signature has not been sufficiently validated.

We were careful when we developed the JNK signature in this study. First, we only selected the
genes that were both significantly induced by ectopically active JNK and significantly repressed in
response to treatment with JNK inhibitor. Moreover, target genes within the JNK signature (i.e.
SPP1 and TNC) were also modulated by JNK activity in distinct breast cancer cell lines. We
validated this in: a) second cell line (SUM159-LM1) and; b) in breast cancer cells isolated from 4
different patients. We used the 68 gene JNK signature to make prediction in different and
independent data sets (METABRIC, TOP trial (GSE16446) and a data set from 65 dissected
metastases from breast cancer patients (GSE14020)). In all these data sets, the results lined up to our
predictions.

7. One would expect much more activation of the JNK pathway in basal like (or triple negative)
high grade breast cancers. The cells from these tumors proliferate much faster than e.g. most ER-
positive tumors. This in itself is causing quite some stress, in particular when oxygenation and
'nutrition’ is insufficient, necrosis occurs and this necrosis also initiates an inflammatory response.

This is an interesting point. Indeed, high proliferation rates, low access to oxygen and nutrients, and
cytokines represent sources of cellular stress that may lead to activation of INK pathway activity in
cancer cells. Although not entirely, these factors may possibly explain, at least partially, the
increased proportion of INK-S high tumors in basal-like breast cancer patients as compared to
luminal and Her2-enriched (considering that basal-like are more frequently high-grade tumors).
However, it is important to note that JNK-S high tumors were not exclusively basal-like, but were
also found (although less frequently) in luminal and HER2 positive subtypes.

8. The authors performed a GSEA according to the method as published in 2005. Subsequently, they
compared resulting gene lists with some that were already published as well as their own JNK
pathway signature. Computational biology is not my primary expertise, but it seems that this
approach runs a serious risk of overfitting and a biased focus on processes that have been described
before to be involved in tumor initiation, progression, and metastasis, i.e. the usual often non-
specific suspects.

GSEA of stem cell signatures was based on the results of GO term analysis showing involvement in
wound healing and organ development. The analysis is dependent on the data sets that are currently
available and can of course not be said to be exhaustive. However, the positive claims that we make
were thoroughly researched and we used several fully independent data sets to make each point.
This minimizes the probability of confounding effects.

The link of genes to tumor initiation, metastasis, stem cell properties etc. underscores their central
role rather than pointing to a “nonspecific” enrichment. This is further demonstrated by our
experimental findings in addition to our in silico analysis. For example, we functionally demonstrate
that INK promotes cell motility, invasion and stem cell properties (Figure EV2, Figure 3F-M) as
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predicted by our GSEA and GO analysis. Establishment of the JNK signature and our GSEA on five
MaSC gene sets were conducted independently of each other (please see point 6 for details on INK
signature).

9. How is 'stemness' defined?

We define stemness as the acquisition of molecular properties of stem cells, such as increased
expression levels of stem cell markers and normal mammary stem cell gene signatures in a
population of cells. We used the term stemness on page 8. Since the term may appear rather vague,
we have replaced it with the term of “stem cell properties”, which we would also define as the
acquisition of proteins and/or other molecular markers that are representative of stem cells. We do
not make any claims of cell of origin, but focus on the molecular properties that are induced by JNK
signaling in breast cancer cells.

10. Last but not least, stating that targeting activation of the JNK pathway might be a promising new
treatment strategy is way too premature that might generate false hope. It is highly likely that
targeting such a central process in the cell will eventually lead to an effective treatment without
unacceptable toxic side effects, is not realistic.

This is a very important point. Although we did not observe any evident adverse effects upon
treatment with the JNK inhibitor in our animal models (other than reduction in primary tumor
growth, lung metastasis and increased sensitization of cancer cells to chemotherapy), further studies
are needed to make predictions of side effects in human patients. We are sensitive to the many
challenges facing the translation of pre-clinical experimental data into successful clinical treatment.
Consequently, we have toned down our statements on the potential therapeutic impact by taking out
references to patients and instead suggesting that the work may provide insights for future treatment
strategies.

Referee #2 (Comments on Novelty/Model System for Author):
This is a high quality and highly translational study.
Referee #2 (Remarks for Author):

In this manuscript Rodriguez et al describe a series of experiments in which they generate evidence
to indicate that metastasis and chemotherapy resistance are JNK-dependent events in breast cancer
(basal subtype in particular). They go on to show this is mediated via c-JUN induced transcriptional
control of the expression of SPP1 and TNC. This is a solid study and the in vitro and in vivo cell
line data are corroborated by frequent reference to patient samples and publicly available datasets.
The authors make a strong case for considering the inclusion of JNK inhibitors in standard of care
treatment of patients with JNK+++ breast cancers.

There are a few concerns that I would like the authors to consider.
1. It would be helpful to quantitate the data in suppl fig 1A.

We have performed and included a relative protein quantification of p-JNK (Thr183/Tyr185), INK,
p-c-Jun (Ser63) and c-Jun for suppl. fig 1A (now included as Appendix Figure S1A, B and C).

2. There are no stats on Fig 4C & D or Suppl Fig 8D

We have included statistical analyses for the data represented in these figure panels. Details are
located in the figure legends.

3. The data in Fig 4D & G (intercepts the Y axis very high) would suggest that SPP1 is not as
critical to the metastasis phenotype as is TNC1. The authors may wish to comment on this.

While there may be some differences in the JNK regulation of SPP1 and TNC, it is important to

consider also technical variation such as PCR probe efficiency/affinity. Looking at Figure 4D, the
results on SPP1 expression is represented with a logarithmic scale shows a 50-60 fold induction in
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spheres. TNC expression is induced 45-50-fold. Fig 4G shows the correlation between SPP1/TNC
and JUN in metastatic nodules from breast cancer patients. While the overall expression level of
SPP1 is higher based on the results, TNC shows a slightly stronger correlation with JUN expression.
Similar to the expression analysis using qPCR, here it is also important to consider any technical
parameters such as Microarray probe efficiency/affinity. It does look like TNC may be slightly more
responsive to JNK inhibition and that TNC knockdown might result in more pronounced reduction
in metastasis. However, collectively based on our results, we do not feel confident to make a
statement on whether SPP1 is less crucial for the JNK-mediated metastatic phenotype, as compared
to TNC. Both genes contribute significantly to metastasis.

4. It was unclear to me whether the data in Fig 5D & E were derived from metastatic foci that had
seeded from a primary xenotransplant tumour or whether these were "metastases" that were derived
from an iv injection. This should be made clear in the text.

These experiments were performed by intravenous injection and this has been stated more clearly in
the text and in the corresponding figure legend.

5. Fig 6 C & D. The reduced metastatic activity is likely explained by the reduced tumour cell
numbers following the combination of chemo + SPPP1 depletion. This should be stated in the text.
Significantly though, it is a very impressive reduction in metastatic activity in the SPP1 deficient
cells alone.

It is correct that we cannot exclude that the reduced tumor growth observed under conditions of
SPP1 deficiency + chemotherapy (Fig 6B and D) may in part contribute to reduced metastasis. We
have adapted the text accordingly. However, when we look individually at the SPP1 deficiency
group or the chemotherapy treated group, we see an effect on metastasis without any concomitant
changes in primary tumor growth (particularly for SPP1 deficiency, underscoring the importance of
SPP1 as a metastasis mediator). This reduction in metastasis is furthered when the two conditions
(SPP1 deficiency and chemotherapy) are combined. Observing the data from both mammary tumors
and metastases, we feel confident to state that SPP1 deficiency sensitizes the tumors to
chemotherapy.

Referee #3 (Remarks for Author):

This carefully executed study confirms and strengthens previous papers on the links between JNK
stress signalling, the extracellular matrix (ECM) and aspects of tumorigenesis. Stress initiated by
chemotherapies exploits these pathways, hence the inhibition of JNK signalling or disruption of the
expression of the emerging ECM proteins SPP1 and TNC sensitizes experimental breast
cancer/metastasis models to chemotherapy.

The experiments carried out are technically strong and the link between basal-like breast cancer with
significant stem-cell like features and high JNK activity is clearly established. The role of SPP1 and
TNC as 'mediators' of INK signalling is not entirely proven. Although there is a clear link to the c-
Jun transcription factor and to tumor progression and chemoresistance no mechanisms are
established.

JNK signaling indeed does promote expression of a number of other genes that may be involved in
metastasis. However, the evidence that we provide strongly suggests that SPP1 and TNC are directly
regulated by JNK signaling and are important mediators of metastasis and therapy resistance. Since
targeting ECM proteins is not trivial, one of the important points of our study is that by inhibiting
JNK signaling, we can repress two pro-metastatic ECM proteins simultaneously. Nonetheless, we
have thoroughly gone through the text to avoid any misunderstanding and adapted when needed. We
reveal ECM mediators, downstream of JNK signaling, that promote metastatic progression and
chemotherapy resistance. However, we do not provide mechanism of exactly how these ECM
proteins promote these effects. TNC is recognized to promote signaling pathways within the
metastatic niche and promote cancer cell survival (Oskarsson et al 2011) and we cite this study in
our manuscript. We do think that elucidating the mechanistic details of how the ECM proteins
mediate chemotherapy resistance is beyond the scope of the current study.
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These proteins have previously been implicated in such events and it would be interesting to know if
other, perhaps more novel, ECM proteins were evident in the data analyses and may play similar
roles.

We agree that it would be highly interesting to analyze other INK-induced ECM proteins in the
context of metastasis and therapy resistance. ECM components such as SPOCK-1, KAL1, S100A16
or PCOLCE2 are regulated by JNK and would surely be interesting as potential candidates.
However, their induction in response to active JNK signaling was significantly less when compared
to the two matricellular proteins SPP1 and TNC that we focused on. Thus, we believe that, in this
initial analysis, the focus on SPP1 and TNC is justified.

The in vitro studies here were confined to tumor cell lines but the role of the stroma in
tumorigenesis is acknowledged, but not studied.

In addition to the breast cancer cell lines that we use throughout the study, we have also employed
primary cancer cells derived from patient samples in a number of experiments (see for example Fig.
3T and J, Fig. 4C, Fig. EV3C, Appendix Fig. S1 A). However, we do agree with the fact that we
have not analyzed the JNK activity that may be induced by cells of the tumor and metastatic stroma
(for example in response to chemotherapy). Although we find this a very interesting point, we
believe that it is a better fit as the focus of future studies. Nevertheless, we have included comments
on this in the discussion.

Some discussion of the relative role of these and other ECM proteins of the tumor and stroma in
tumorigenesis and metastasis would be helpful, as well as further acknowledgement of previous
work and how this study complements what is already known.

We have expanded the discussion on this point with relevant references.

p-10 line 13 up - the patients were treated with the INKi

The cancer cells isolated from patient-derived pleural effusion samples were treated in vitro. This
has now been stated more clearly in the text.

2nd Editorial Decision 12" July 2018

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see
the reviewers are now globally supportive and I am pleased to inform you that we will be able to
accept your manuscript pending the following final amendments:

1) Please address the issues mentioned by referee 1. The Kaplan Meier graph should be removed
and the referee's other points should be discussed. We would like to encourage you to replace the
graph (Fig. 1A) by Table 1 as we think it would be useful. If you do so, please make sure to update
the call outs accordingly.

Please provide a letter INCLUDING my comments and the reviewer's reports and your detailed
responses to their comments (as Word file).

REFEREE REPORTS.
Referee #1 (Comments on Novelty/Model System for Author):

Some of the issues are well addressed, some seem to be a bit of wind-dressing, some are
inadequately addressed.

Referee #1 (Remarks for Author):
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Fig 1. Treatment details are lacking. It is not valid to put this wide variety of tumor types, stages,
and treatment all in one graph. Such a Kaplan-Meier graph does not provide useful info. From the
methodology perspective, this KM-graph is not valid. It should be taken out.

The cited literature regarding pleural effusions from TNBC do not reflect this appropriately. It does
not show that pleural effusions are common for TNBC. Indeed, TNBC metastasises to the visceral
organs, but this refers to the parenchyma of these organs, rather than the visceral surfaces sec.

The authors do not address the fixation issue sufficiently. It is not true that adipose tissue does not
play a role in the quality of fixation.

More importantly, the authors do not provide convincing evidence that JNK activation in the clinical
setting is more than just a stress-induced, non-specific phenomenon. They should downplay the
impact of their findings, i.e. put their findings in a broader context.

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

The work presented is of a high technical quality

I believe there is a lot of published data on JNKs and breast cancer behavior. On this basis I would
suggest the manuscript is of medium novelty

I believe that the translational impact of this study is some time away. ie I don't believe this will lead
to immediate or near term translation or alterations in patient management

Referee #2 (Remarks for Author):

The authors have addressed my concerns adequately

2nd Revision - authors' response 27" July 2018

Point by point responses to editor and reviewer

We thank the editor and reviewer for the insightful comments and have revised our manuscript
accordingly. Changes in the manuscript text are highlighted in the red-lined version. Specific points
are discussed below.

1) Please address the issues mentioned by referee 1. The Kaplan Meier graph should be removed
and the referee's other points should be discussed. We would like to encourage you to replace the
graph (Fig. 1A) by Table 1 as we think it would be useful. If you do so, please make sure to update
the call outs accordingly. Please provide a letter INCLUDING my comments and the reviewer's
reports and your detailed responses to their comments (as Word file).

Reviewer #1 claims that since treatment details are lacking and the analysis includes a number of
tumor subtypes and stages, the analysis does not provide useful information. The reviewer is correct
in that sample collections with relatively low patient numbers (41 in our case) and some variation in
tumor stages and subtypes can be sensitive of confounding effects. To address this, we have
analyzed the putative association between JNK activity and a number of parameters, such as “patient
age”, “tumor stage” and “receptor status” that are all recognized as established prognostic factors for
breast cancer survival. This should address whether JNK activity predicts poor survival with or
without association with these parameters. The sample size was appropriate for binomial analysis.
The results showed that JNK signaling did not associate with these parameters, yet strongly
associated with poor overall survival (in line with the Kaplan Meier analysis). Therefore, a
confounding association with any of these parameters is not responsible for the JNK link to poor
survival. We have generated a table with this analysis (Appendix Table S2).
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With regards to treatment regimen, it is important to consider that: 1) All patients that we analyzed
progressed and died from the disease. Thus, it can be assumed that all patients received
chemotherapy. 2) The starting and end-points are very well defined.

REFEREE REPORTS
Referee #1 (Remarks for Author):

Fig 1. Treatment details are lacking. It is not valid to put this wide variety of tumor types, stages,
and treatment all in one graph. Such a Kaplan-Meier graph does not provide useful info. From the
methodology perspective, this KM-graph is not valid. It should be taken out.

Please see the answer to editor — question 1.

The cited literature regarding pleural effusions from TNBC do not reflect this appropriately. It does
not show that pleural effusions are common for TNBC. Indeed, TNBC metastasises to the visceral
organs, but this refers to the parenchyma of these organs, rather than the visceral surfaces sec.

Our point was not meant to confirm that pleural effusions are particularly common in patients with
TNBC, but to provide examples of their occurrence. Importantly, we use both breast cancer cells
originating from pleural fluids as well as primary tumors and the results from these cells do line up
convincingly.

The authors do not address the fixation issue sufficiently. It is not true that adipose tissue does not
play a role in the quality of fixation.

We do not dispute that adipose tissue can affect the quality of tissue fixation. What we can say, is
that we did not observe a negative or positive correlation between p-c-Jun staining and amount of
adipose tissue in our samples. The adipose tissue was likely not in sufficient quantities to affect the
fixation and thus the staining. Importantly, the results from mouse mammary tumors and metastases,
where we excluded all adipose tissue, are the same as we observed in the patient samples.

More importantly, the authors do not provide convincing evidence that JNK activation in the clinical
setting is more than just a stress-induced, non-specific phenomenon. They should downplay the
impact of their findings, i.e. put their findings in a broader context.

It is correct that JNK signaling can be induced by multiple growth factors and stress-stimuli and we
do not identify the source of JNK signaling in clinical samples. However, we show that high JNK
activity is bad news. Our results indicate that elevated JNK signaling in breast cancer patients,
associates with poor response to neoadjuvant therapy and poor overall survival. Identifying what
promotes steady state JNK signaling is an interesting question. However, we do not think that this
affects the conclusions drawn in our current study and believe it should be addressed in a future
study.

© European Molecular Biology Organization
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Ta. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

[Sample sizes were generally determined based on previous studies involving similar experimental
setup.

1b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

For animal experiments, the number of mice per group was determined by a statistician. As target
[parameters the bioluminescence of the lung at the end of the experiment was used to compare
the control group with the experimental group from previous experiments. As type | error we used
5%, as type Il error 20% and for the standard deviation 0,3 log bioluminescence units. The
simulation was done with the software R, version 3.2.0.

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

Data exclusions were not needed

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

Experiments involving Spp1 knockout mice were performed on a mixed genetic background.
Therefore, littermates were distributed equally between control and experimental groups (before
any treatment) to avoid confounding effects

[For animal studies, include a statement about randomization even if no randomization was used.

Most in vivo experiments were performed using inbred NOD Scid gamma (NSG) mice. Cancer cells
[ were injected alternatively into mice within control and experimental groups. The mouse cage(s)
for control- and treatment groups were randomly selected before tumors had grown.

[4.2. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing
(e.g. blinding of the investigator)? If yes please describe.

as used when histology samples were analyzed. The investigator was
[not aware of the sample genotype, -treatment or clinical association when analyzing
immunostaining.

4.b. For animal studies, include a statement about blinding even if no blinding was done

Mouse bioluminescence imaging was performed without any knowledge of experimental
treatment or mouse/cancer cell genotype

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

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
[number and/or clone number, supplementary information or reference to an antibody validation profile. e..,
|Antibodypedia (see link list at top right), 1DegreeBio (see link lst at top right).

[Western blot:

-Phospho-SAPK/INK (Thr183/Tyr185), cat. No. 9251.

-SAPK/INK, cat. No. 9252.

-Phospho-c-Jun (Ser63), clone 5483, cat. No 2361.

-c-Jun, clone 60A8, cat. No 9165.

All from Cell Signaling Technology and validated by the company. In addition, we tested the
specificity of antibodies against proteins in the JNK pathway by analysis of cancer cells
overexpressing active INK or cells treated with JNK inhibitor.

-Tenascin C, clone H-300, cat. No. sc-20932 Santa Cruz Biotechnology. We validated the antibody
by analysis of cells expressing shRNA against tenascin C.

- a-Tubulin, clone DM1A, cat. No 79026 Sigma-Aldrich
- GAPDH, clone GAPDH-71.1, cat. No G8795 Sigma-Aldrich

Immunohistochemistry:

- Phospho-SAPK/INK (Thr183/Tyr185), clone 81E11, at. No. 4668 Cell Signaling Technology
(validated by the company)

- Phospho-c-Jun (Ser73), clone D47G9, cat. No. 3270 Cell Signaling Technology (validated by the
[company)

Antibodypedia
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g-bioscience-research-repo ARRIVE Guidelines

NIH Guidelines in animal use
MRC Guidelines on animal use
Clinical Trial registration
CONSORT Flow Diagram
CONSORT Check List

REMARK Reporting Guidelines (marker prognostic studies)
Dryad

Figshare
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EGA

Biomodels Database

MIRIAM Guidelines

JWS Online
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[We also validated the specificity of these antibodies by analysis of breast cancer xenograft tissues
overexpressing constitutively active INK.

- Novocastra™ Vimentin Antibody, clone SRL-33, product code: NCL-L-VIM-572, Leica Biosystems.

- p-c-Jun, clone KM-1, cat. No. sc-822, Santa Cruz Biotechnology. The use of this antibody in

Immunofiuorescence

-GFP, cat. No. ab13970, Abcam.
Chromatin-1P:

- c-Jun, clone 60AS, cat. No 9165, Cell Signaling Technology (validated by the company). The use of]
this antibody for ChIP assays has been previously reported (Zhang et al., Nature Structural &

- 1sotype IgG, cat. No 2729, Cell Signaling Technology.

staining has been reported previously (Hwang et al., JBC 2005).

Molecular Biology 2016).

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
[mycoplasma contamination.

[The purity of cel lines was validated using the Multiplex cell Contamination Test (McCT) by

MDA231-LM2 was generated by the Massague group by in vivo selection using the breast cancer
cell line MDA-MB-231 (ATCC) (Minn et al., Nature 2005)

[SUM159-LM1 was generated by the Oskarsson lab by in vivo selection using the breast cancer cell
line SUM159 (Asterad) (This manuscript).

Cell lines were authenticated using Multiplex Cell Authentication (MCA) by Multiplexion
(Heidelberg, Germany). Cell line Identification was done using Single Nucleotide Polymorphism
(SNP)-profiling and the complete genotype information is compared to a reference database of
currently 850 distinct reference cell lines authenticated Short tandem repeat (STR) Profiling. The
[SNP profiles matched known profiles (celllines) or were unique (patient samples).

Multiplexion (Heidelberg, Germany). Contaminations are detected with specific primer sequences
in a multiplex PCR targeting cellular, bacterial and viral genome regions followed by hybridization
using specific probes. No V or ion was
detected.

D- Animal

| Models

* for all hyperlinks, please see the table at the top right of the document

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing

INOD Scid gamma (NSG) female mice of 6-8 weeks age were used for all mouse studies except for

and husbandry conditions and the source of animals.

|/- Scid li2rgnull (SPP1 deficient) mice. Female littermates from these breedings were used for

P involving deficiency. For these Spp1 knockout allele from
B6.12956(Cg)-Spp1tm1BIh/) mice (The Jackson Laboratory) was combined with Scid 2rgnull alleles|
from NSG mice (The Jackson Laboratory) to generate either Spp1+/- Scid ll2rgnull (control) or Spp1

experiments.

Mice were housed in individually ventilated cages under temperature and humidity control. Cages
contained an enriched environment with bedding material. Procedures to minimize pain and
distress are in place. Animals were not subjected to any food or water restrictions at any time.
Both laboratory and animal facility staff monitored mice after surgery and, in case of any
indications of excessive pain or infection, veterinary staff contacted laboratory personnel to
recommend appropriate analgesics, antibiotics or euthanasia

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

[Animal care and all procedures were previously approved by the governmental review board of
the state of Bad Karlsruhe numbers
G50/13, G81/15, G81/16 and G289/16 and followed the German regulations.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines”. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm

compliance.

[We comply with these guideline.

E- Human Subjects

11. Identify the committee(s) approving the study protocol.

The usage of human samples was approved by the ethical committees in Heidelberg and
Mannheim (Ethikkommision Medizinische Fakultat). All biological samples from patients were
collected in compliance with EU legislation.

F- Data Accessibility

G-Dual u

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments.
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

Informed written consent was optained for all patient samples.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

Patient samples are resticted to the German Cancer Research Center and can therefore not be!
distributed.

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

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

NA

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

NA

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
2. Protein, DNA and RNA sequences

b. Macromolecular structures

<. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular

[Confirmed

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the,
liournal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ o in

lunstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genormic datasets should be provided with as few restrictions s possible while

respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-

controlled such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link ist at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in

NA

se research of concern

[22-Could your study fall under dual use research restrictions? Please check biosecurity documents (see lnk It at top
right) and list of select agents and toxins (APHIS/CDC) (see link lst at top right). According to our biosecurity guidelines,
provide a statement only if it could.

NA




