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1st Editorial Decision 14 November 2016

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

The three reviewers all find the manuscript to be quite interesting and of value for the community,
but raise (especially reviewers 1 and 3) a number of very serious and in part overlapping concerns
on the limited experimental support for many of the main claims including limited mechanist
insight, which inevitably impacts on the overall clinical relevance of the findings. They would also
like you to better explain the current findings vs. your previous work.

After reviewer cross-commenting and further discussion, it was agreed that the required
experimentation is feasible and that therefore you should be allowed to revise your manuscript. In
conclusion, while publication of the paper cannot be considered at this stage, we would be pleased
to consider a suitably revised submission, provided, however, that the Reviewers' concerns are fully
addressed with further experimentation where required and that acceptance of the manuscript will
entail a second round of review

It is important that you consider that it is EMBO Molecular Medicine policy to allow a single round

of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the
completeness of your responses included in the next, final version of the manuscript.
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As you know, EMBO Molecular Medicine has a "scooping protection" policy, whereby similar
findings that are published by others during review or revision are not a criterion for rejection.
However, I do ask you to get in touch with us after three months if you have not completed your
revision, to update us on the status. Please also contact us as soon as possible if similar work is
published elsewhere.

Finally, please note that EMBO Molecular Medicine now requires a complete author checklist
(http://embomolmed.embopress.org/authorguide#editorial3) to be submitted with all revised
manuscripts. Provision of the author checklist is mandatory at revision stage; The checklist is
designed to enhance and standardize reporting of key information in research papers and to support
reanalysis and repetition of experiments by the community. The list covers key information for
figure panels and captions and focuses on statistics, the reporting of reagents, animal models and
human subject-derived data, as well as guidance to optimise data accessibility.

Please note that we now mandate that all corresponding authors list an ORCID digital identifier.
You may do so though our web platform upon submission and the procedure takes <90 seconds to
complete. We also encourage co-authors to supply an ORCID identifier, which will be linked to
their name for unambiguous name identification.

I look forward to seeing a revised form of your manuscript as soon as possible.

wEkxEE Reviewer's comments *#%#%
Referee #1 (Remarks):

In this article, Smith et al. investigated the effect of targeting endothelin receptor signaling to
overcome resistance to BRAF inhibitor in melanoma. The current work provides new insight
indicating that the paracrine ET-1 signaling controlled by MITF confers drug-resistance through
ERK reactivation and that ET-1 receptor antagonist in combination with BRAFi can counteract
essential process in melanoma drug resistance. Further studies should offer more definite insight
into the specific mechanisms through which ET-1 receptor blockade might represent a possible
novel therapeutic strategy for melanoma patients. These findings need to be strengthened by
additional experiments.

1. The hypothesis that ET-1 gene is regulated by MITF in melanoma is intriguing, but the data are
insufficient to offer more definite insight into the specific mechanism that regulate MITF/ET-1 axis.
It is at transcriptional level?

2. By using the small cohort (n=11 patients, Table1) of Smith et al. 2016, the authors show that the
expression level of ETBR is relatively similar than that of ETAR (Fig. 6G). Because the known role
of the ETBR axis in melanoma development and progression, immunohistochemical analyses of
targeted protein, such as ET1, ETAR, ETBR, and MITF, should be provided using larger cohort of
melanoma patients.

3. Because in the previous report (Smith et al. 2016) the authors demonstrated that targeting MITF
in the tolerance-phase could improve MAPK-inhibitor therapy response, the authors, beside the
effect of bosentan in combination with BRAFi, should analyze the effect of the novel ET-1 receptor
antagonist, macitentan, alone or in combination with BRAF and/or MAPK inhibitor, in melanoma
xenografts, providing indication whether combination with macitentan can counteract melanoma
MAPKIi and/or BRAFi resistance. Similarly, the combination of BRAFi or MAPKi and macitentan
should be evaluated on Erk and other downstream signaling.

4. ETBR is upregulated in most melanoma cell lines and is considered an indicator for melanoma
progression, as its expression is enhanced in metastatic melanoma. ET-1 and ET-3 through ETBR
enhance the survival of these cells and alter tumor-host interactions that lead to melanoma
progression (J.Liu et al. 2014). Beside the paracrine role, to rule out the potential role of autocrine
protective ETBR pathway in acquired resistant melanoma, the authors should perform experiments
in cells silenced for ET-1 or ET-1 receptors or treated with macitentan.

© EMBO



EMBO Molecular Medicine Peer Review Process File - EMM-2016-07156

5. To better define the role of ETBR or ETAR pathway as drivers of drug resistance the experiments
of fig.5, 6 and 7 should be carried out with ETAR and/or ETBR specific antagonists, such as BQ123
or BQ788, respectively.

6. Moreover what happens in the experiment where "sensitive" melanoma cells are used and ET-1,
ET-1R and/or MITF are overexpressed? Would these ET-1R and/or MITF overexpressing cells now
be less sensitive to BRAFi or MAPKIi? This experiment might add further support for targeting this
signaling pathway in melanoma.

7. The acquisition of drug resistance can be explained in part by intrinsic properties of cancer cells,
but could be dependent also by the tumor microenvironment. Indeed, targeting tumor cells and the
microenvironment by using macitentan could represent a great potential for improving the prognosis
of melanoma patients. In order to demonstrate that targeting ET-1 receptors can disable multiple
signaling in melanoma cells and in the microenvironment, such as tumor-associated endothelial
cells, the authors should investigate these effects in the melanoma xenograft tissues treated with ET-
IR antagonist in mono and combination therapy. In addition, the heterogeneous expression of ET-
IR on tumor cells and host components should be considered.

8. In order to evaluate whether combination treatment of macitentan with BRAFi (or MAPKi) could
affect key mechanisms that are important for melanoma cell survival, the authors should analyze
apoptosis.

9. ET-1-induced effects on AXL should be addressed with more mechanistic details. Moreover AXL
and ETAR axis are poorly investigated. Further investigations are required to support the model
depicted in Fig. 7F.

10. How combination of BRAFi and bosentan can promote the complete suppression of ETAR
expression within the residual tumors (fig.6F) and the drop of AXL expression (Fig.6E)?

Minor comment: In the references the name of each journal should be abbreviated according to
Index Medicus and italicized.

Referee #2 (Remarks):

In this manuscript, Smith and colleagues provide evidence that, upon exposure to a BRAF-inhibitor,
BRAF-mutant melanomas upregulate expression of endothelin 1 (EDN1) in a MITF-dependent
manner. EDN1 upregulation confers drug-resistance through ERK re-activation in a paracrine
manner. Importantly, EDN1 support both MITF-high subpopulations through EDNRB and AXL-
high cells through EDNRA and therefore promotes maintenance of melanoma heterogeneity during
response to therapy. Endothelin receptor-antagonists suppress heterogeneity and sensitize to BRAF-
inhibition.

This is an excellent and very interesting piece of work. The manuscript is well-written, solid and
convincing.

The clinical relevance of the findings is, however, limited by the data presented figure S3D showing
that the EDN1-paracrine protection can be overcome by MEKi. This is potentially a problem as
BRAF/MEK combination therapy has replaced BRAF-inhibitor monotherapy in the clinic.
According to Figure S3D, EDN1 paracrine protection should be less efficient under combination
BRAF/MEK inhibition. The authors should mention that this indeed limits the clinical relevance of
their finding in their discussion.

Nevertheless, the findings are conceptually novel and important.

Below are my questions/comments/concerns:

-is EDN1-mediated paracrine protection only driven by MITFhigh cells? If so, what about the
previous paper (Smith et al.) stating that nelfinavir leads a decrease in PAX3 driven MITF
expression. Would MITFhigh driven EDN1-paracrine protection still occur?

- Introduction, Page3: "specific gene signature" correlating with AXL. The authors cite 5 papers and
mention a specific signature. This is misleading. Even though these signatures have in common
AXL they are not identical. The authors could propose a consensus signatures based on these 5
papers. Then the term "specific gene signature" would make sense.

© EMBO
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- A375 cells might be genetically identical but transcriptionally they still may show heterogeneity
(page5, A375 xenografts and MITF heterogeneity)

- Page 6 "30% of cells still displayed weak MITF expression". This is not clear from data presented
in Fig.1D.

- Figure 2A: what are MITF and ERK basal levels before treatment?

- Figure 3B: Are data from cell lines M249, WM present in Figure1C? If so, it would be
informative to indicate this.

- Figure 5D: why not include MEKi?

- Possible correlations between EDNRA, EDNRB, ECE1, MITF and AXL levels should not only be
assessed in melanoma cell line but also in TCGA-SKCM (bulk) and in Tirosh's melanoma single
cell RNAseq analysis.

Referee #3 (Remarks):

The manuscript by Smith et al. studies melanoma heterogeneity, which is reported to be maintained
upon BRAF inhibitor treatment. Further investigating the link between melanoma heterogeneity and
drug responses, the authors show that cells that are pre-treated with BRAF inhibitors support growth
of BRAF inhibitor-sensitive tumor cells. This protective effect is associated with activation of the
MAPK pathway and is mediated by endothelin-1. This secreted protein can protect against MAPK
inhibitor-mediated loss of viability in sensitive cells via activation of the EDNRB receptor.
Conversely, the authors provide evidence that in AXL-positive cells, which are generally less
sensitive to MAPK inhibitors, endothelin-1 can provide protection via the EDNR receptors, too.
This study concludes with in vivo evidence that targeting EDNR in combination with BRAF
inhibition results in enhanced tumor killing.

I feel that this manuscript represents a study that is of potential interest to a broad audience and that
it may provide a deeper understanding of how tumor heterogeneity can support melanoma survival
in the context of MAPK inhibitor treatment. Nevertheless, a number of important concerns need to
be addressed while some claims require better experimental evidence to provide sufficient backing
for the paracrine support model that is put forward. Most importantly, it is unclear whether the
paracrine effect is specific for cells that have been treated with MAPK inhibitor and that upregulate
MITF (A375-T-like cells), or that something similar is observed for non-treated A375 cells too. To
exclude this possibility, in Figures 2B, 3A, 5F, 7A and 7B, additional controls using (CM of) A375
cells should be included (see below for more specific comments). An important omission in the
manuscript is that there is no support for the presence of A375-T-like cells in vivo. In the absence of
this, Figure 6B does not support the model and might even contradict it (see below for more specific
comments). Finally, the authors should further investigate what the supportive role of endothelin-1
is in vivo to provide a better mechanistic understanding on its function in paracrine growth support.
In sum, while I believe that the message of the manuscript in principle is interesting indeed, my
concerns are of fundamental nature and would require further investigation.

Major comments:

1) The authors insufficiently exclude the possibility that support by endothelin-1 is specific for cells
that are A375-like (expressing higher levels of MITF upon MAPK inhibitor treatment). In a number
of cases, the appropriate control is not included for this. For instance, in Figure 3A, CM from
untreated cells should be included to show that the paracrine effect is dependent upon MAPK
inhibition. In Figure SF, the appropriate experiment would be to compare A375-T to A375 (rather
than no) cells for co-injection with A375. With these experiments, it cannot be ruled out that it is the
number of cells injected rather than what is injected that is important. Finally, in Figure 7B and 7C,
CM from A375 cells should be included to show specificity of the paracrine effect for A375-T cells.

2) With respect to Figure 2B, it is unclear how this experiment was conducted. Can the authors
exclude that the effect observed in the 'heterogeneous' setting is due to the fact the they simply inject
more cells? In other words, would injecting A375 + A375 (i.e., twice the amount) yield a different
outcome than for A375 + A375-T? This again comes back to the question above as to how specific
the "paracrine effect' is for A375-T cells.

3) The authors make a point about the observation that in the absence of drug, A375 cells grow
better in the context of A375-T cells. However, the reverse is also true, which is not explained in the
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manuscript. This, once again, relates to my previous comments: can this be explained by the fact
that more cells in total were injected, rather than that this is an effect of co-injection of the A375 and
A375-T lines?

4) The authors should provide support for the presence of A375-T-like cells in vivo. While they
show heterogeneous MITF expression in Figure 1, they fail to show that at least in some cells MITF
is induced as a consequence of drug treatment. In addition to this, the potential dependence of MITF
on the cell cycle should be taken into account when investigating this.

5) Related to point 4), if the authors cannot convincingly show that in Figure 6B A375-T-like cells
(the ones upregulating MITF) are present, these experiments would not support the paracrine
support model. Even worse, in such a case one could conclude that the effect of bosentan is
aspecific, or that endothelin-1 secreted by regular (not A375-T-like) cells is sufficient to support
tumor growth too, questioning the validity of the model.

6) The authors should provide a better understanding of the supportive role of endothelin-1 in vivo.
How does this work? Is this via a decrease in apoptosis, a decrease in G1-arrest or an increase in
proliferation rate?

7) With respect to Figure 3, a better characterization of the paracrine effect by the A375-T cells is
required to properly assess it: i) how long is the paracrine effect observed after drug withdrawal; ii)
is the paracrine effect correlated with MITF or AXL levels? Also, it is unclear where A375-T reside
in the AXL-MITF expression landscape in Figure 1C. Since this is such an important cell line in this
manuscript, it should be included there too.

Minor comments:

1) While the authors make the potentially interesting claim that "Intriguingly, we repeatedly
observed that after the last round of cell division one daughter cell died, while the other daughter
cell stayed arrested in G1 (Fig. 1E)", the referred experiment does not support this claim. Better
experimental evidence, including a quantification of the phenomenon, is required to support this
claim (which if true would be very interesting).

2) The description of a number of figure panels in the corresponding legends is missing. For
instance, in Figure 1A, the (presumable) qRT-PCR is no mentioned in the legends. For Figure 1C, is
the fold change in volume relative to day 1? For Figure 3A: which cells were treated with MAPKi to
obtain CM?

3) In Figure 2A, expression of MITF in untreated cells should be included to assess the regulation of
MITF by BRAFi treatment.

4) In Figure 3C, the color legend is very confusing (blue color generally denotes a decline in
something, and that is not the case here).

5) With regards to Figure SSE and SSF, they provide important evidence that the paracrine effect is
indeed mediated via endothelin-1. In my opinion this is key to the story and should be shown in the
main figures.

6) It has been shown by several laboratories that acute MITF depletion in MITF-proficient tumors is
lethal, and thus it is not surprising that MITF-depleted A375-T cells cannot support their A375
counterparts (Figure 4D).

7) By stating that "Together our data suggest that during the time of treatment when BRAF
inhibition reduces MAPK pathway activity, both MITF/EDNRB-high and AXL/EDNRA-high
populations are enriched. Indeed, we found that in melanomas from patients on

treatment, both EDNRA and EDNRB expression was increased (Fig. 6G).", the authors imply that
MITF/EDNRB-high and AXL/EDNRA-high populations are enriched. In order to support such a
claim, the authors should exclude that BRAF inhibitor treatment does not simply upregulate
EDNRA and ADNRB expression.

© EMBO



EMBO Molecular Medicine Peer Review Process File - EMM-2016-07156

8) In Figure 7, the authors rely on bosentan as an inhibitor of EDNRs to show that these receptors
support proliferation in AXL-high cells. However, to exclude that the effects observed here are
specific, at least one independent way of blocking endothelin-1 signaling (e.g., using a blocking
antibody or shRNA/CRISPR technology) should be included to support this claim.

9) In the summary the authors state that "Endothelin receptor-antagonists suppress heterogeneity",
but I cannot find where this claim is supported in the manuscript.

1st Revision - authors' response 31 March 2017

*aEA* Reviewer's comments *#%*

Referee #1 (Remarks):

In this article, Smith et al. investigated the effect of targeting endothelin receptor signaling to
overcome resistance to BRAF inhibitor in melanoma. The current work provides new insight
indicating that the paracrine ET-1 signaling controlled by MITF confers drug-resistance through
ERK reactivation and that ET-1 receptor antagonist in combination with BRAFi can counteract
essential process in melanoma drug resistance. Further studies should offer more definite insight
into the specific mechanisms through which ET-1 receptor blockade might represent a possible
novel therapeutic strategy for melanoma patients. These findings need to be strengthened by
additional experiments.

1. The hypothesis that ET-1 gene is regulated by MITF in melanoma is intriguing, but the data are
insufficient to offer more definite insight into the specific mechanism that regulate MITF/ET-1 axis.
It is at transcriptional level?

In our manuscript we show that depletion of MITF results in reduced EDN1 mRNA expression
(Figure 5B), indicating that the regulation of EDN1 downstream of MITF is at the transcriptional
level. However, MITF also regulates the expression of ECE1 (Figure 4E), which is required for
EDNI1 processing. We now show that inhibiting ECEI activity in melanoma cells reduces the
amount of EDN1 detectable in the culture medium of these cells (new Figure 4F), suggesting that
MITF also regulates the secretion of mature, active EDN1.

2. By using the small cohort (n=11 patients, Tablel) of Smith et al. 2016, the authors show that the
expression level of ETBR is relatively similar than that of ETAR (Fig. 6G).

The expression of EDNRA and EDNRA are not relatively similar; what was actually shown were
the fold changes on treatment, which indeed are similar. In order to make clearer that in fact in
melanoma EDNRA expression is much lower than EDNRB expression we are now showing the
relative expression in Figure 6F and the relative fold change on treatment in patients in Figure 6G.

Because the known role of the ETBR axis in melanoma development and progression,
immunohistochemical analyses of targeted protein, such as ET1, ETAR, ETBR, and MITF, should
be provided using larger cohort of melanoma patients.

In our analysis of EDN1 and EDNRB expression we have included an additional number of 11
patient samples, which increases the number to 22, a reasonable cohort size we would argue. These
data (shown in shown in Figure 6A) have been produced using qRT-PCR as we could not get hold
of enough tissue samples for histology. However, we are providing more immunohistochemical
analysis for MITF (an additional 5 patients), which confirms our findings with regard to
heterogeneity. These data are shown in Supplementary Figure S1.

3. Because in the previous report (Smith et al. 2016) the authors demonstrated that targeting MITF
in the tolerance-phase could improve MAPK-inhibitor therapy response, the authors, beside the
effect of bosentan in combination with BRAFi, should analyze the effect of the novel ET-1 receptor
antagonist, macitentan, alone or in combination with BRAF and/or MAPK inhibitor, in melanoma
xenografts, providing indication whether combination with macitentan can counteract melanoma
MAPKIi and/or BRAFi resistance. Similarly, the combination of BRAFi or MAPKi and macitentan
should be evaluated on Erk and other downstream signaling.

© EMBO
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We have performed an in vivo experiment using macitentan alone or in combination with BRAF
inhibitor. In new Figure 8C and Figure EV6A we show that it suppresses tumour growth, but is
less efficient than bosentan or an EDNRB specific inhibitor, BQ788. We have also evaluated the
effect of macitentan on ERK activity (DUSP6) and the downstream signalling that we had analysed
for bosentan including the analysis for MITF, EDNRB, EDNRA and AXL expression. These data
are shown in new Figure 8.

4. ETBR is upregulated in most melanoma cell lines and is considered an indicator for melanoma
progression, as its expression is enhanced in metastatic melanoma. ET-1 and ET-3 through ETBR
enhance the survival of these cells and alter tumor-host interactions that lead to melanoma
progression (J.Liu et al. 2014). Beside the paracrine role, to rule out the potential role of autocrine
protective ETBR pathway in acquired resistant melanoma, the authors should perform experiments
in cells silenced for ET-1 or ET-1 receptors or treated with macitentan.

We don’t want to rule out that EDN1 can act in an autocrine manner, in vivo this is in fact
unavoidable and will definitely occur, and overall a balance of EDNI1 signalling will be established
within a tumour before and on treatment (we have included this now in our model in new Figure
8L). In support of this, it can be seen in Figure SE that depleting the EDNRB receptor reduces cell
growth (A375 vs A375 shEDNRB). The reviewer asks however about a potential role of autocrine
EDNRB signalling in acquired resistant melanoma. In this case it will obviously depend on which
mechanisms drives the acquired resistance, and as such this question does not have a single answer.
We show for the reviewer (Figure 1 for Reviewer#1) that in cells that have acquired resistance due
to NRAS overexpression (Nazarian et al, Nature 2010), EDNRB signalling is not a major
contributor to cell growth, but in another acquired resistant cell line, in which the EGFR is
overexpressed (Girotti et al, Cancer Discov 2013), inhibition with Macitentan reduces cell growth
by 25%. Furthermore, if resistance is acquired through the outgrowth of AXL-high cells, then as we
show in Figure 7C, EDNI1 can rescue the growth inhibitory effect of BRAF1, but this occurs through
EDNRA rather than through EDNRB (new Figure 7D).
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Figure 1 for Reviewer#1:

A375/R cells over—express EGFR (Girotti et al, Cancer Discov 2013) and M249-AR4 cells are
resistant to BRAFi due to NRAS overexpression (Nazarian et al, Nature 2010). Both cell lines were
treated with macitentan either alone or in combination with BRAF inhibitor and relative cell number
was analysed. Macitentan reduced the growth of both cell lines but only increased BRAF inhibitor
response in A375/R cells.

5. To better define the role of ETBR or ETAR pathway as drivers of drug resistance the experiments
of fig.5, 6 and 7 should be carried out with ETAR and/or ETBR specific antagonists, such as BQ123
or BQ788, respectively.

We have repeated these experiments using BQ788 and BQ123:
In Figure 5 the only drug experiment shown was a co-culture experiment in Fig 5G. This experiment
using BQ788 and BQ123 is now shown in new Figure EVSE.

With regard to the in vivo experiment shown in Figure 6, we have used BQ788 in vivo and
compared this with macitentan. We preferred macitentan over BQ123 as both drugs have a higher
affinity to EDNRA than EDNRB, and as the reviewer already asked for an in vivo experiment using
macitentan, we argued that we are addressing the general issue and do not perform a potentially
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unnecessary animal experiment that would not have provided additional information. The new in
vivo data are shown in new Figure 8 and EV6.

In Figure 7 we repeated the cell cycle progression and relative cell number experiments as well as a
pERK Western blot, and the results are shown in new Figure 7D and E, Figure EVS5F and Figure
S5A and B.

6. Moreover what happens in the experiment where "sensitive" melanoma cells are used and ET-1,
ET-1R and/or MITF are overexpressed? Would these ET-1R and/or MITF overexpressing cells now
be less sensitive to BRAFi or MAPKi? This experiment might add further support for targeting this
signaling pathway in melanoma.

We have ectopically overexpressed MITF in sensitive A375 cells, and this leads to increased EDN1
and EDNRB expression (see new Supplementary Figure S4D). This is in line with EDNRB being
an MITF target gene (Sato-Jin K et al, FASEB 2008), and EDN1 a potential target gene. We and
others have shown previously that overexpression of MITF results in resistance to BRAFi or MEKi
(Smith et al, JNCI 2013, Muller et al, Nat Commun 2014), but we now also shown that cells
ectopically overexpressing MITF can protect sensitive cells from BRAFi and that blocking EDNR
signalling reduces ERK activity under these conditions (new Supplementary Figure S4F and G).

7. The acquisition of drug resistance can be explained in part by intrinsic properties of cancer cells,
but could be dependent also by the tumor microenvironment. Indeed, targeting tumor cells and the
microenvironment by using macitentan could represent a great potential for improving the prognosis
of melanoma patients. In order to demonstrate that targeting ET-1 receptors can disable multiple
signaling in melanoma cells and in the microenvironment, such as tumor-associated endothelial
cells, the authors should investigate these effects in the melanoma xenograft tissues treated with ET-
IR antagonist in mono and combination therapy. In addition, the heterogeneous expression of ET-
IR on tumor cells and host components should be considered.

We thank the reviewer for this insightful comment. We have performed immunohistological staining
for CD34 and aSMA, as well as qRT-PCR analyses for CD31 and aSMA (see new Figure EV6D-
G). The results show that the different EDNR antagonists have different effects on stromal
endothelial cells and fibroblasts. Our findings support and explain observations we make regarding
for instance EDN1 levels within the tumours, and are described and discussed on page 17 of the
manuscript.

8. In order to evaluate whether combination treatment of macitentan with BRAFi (or MAPKi) could
affect key mechanisms that are important for melanoma cell survival, the authors should analyze
apoptosis.

Further supporting our data shown in Figure 7D, we show that apoptosis occurs in A375 and WM98
cells (MITF-high/EDNRB-high), but not in WM793 and RPMI (AXL-high/EDNRA high) cells
(new Figure 7H). We also show that in A375 xenografts apoptosis is increased in the various
combination treatments (new Figure 8D,E and EV6 B,C).

9. ET-1-induced effects on AXL should be addressed with more mechanistic details. Moreover AXL
and ETAR axis are poorly investigated. Further investigations are required to support the model
depicted in Fig. 7F.

AXL expression is a marker for cells with a different transcriptional state in which RTKs are over-
expressed (Muller et al, Nat Commun 2014). We show that EDN1 can reactivate ERK in the
presence of BRAFi, and this is dependent on RAF and RTK signalling, as it can be blocked by
RAF265 and the pan RTK inhibitor dovitinib. This is also reflected in cell growth, where we
revealed that in contrast to signalling through EDNRB, this is independent of PKC (see Figure
EV5H and I)

10. How combination of BRAFi and bosentan can promote the complete suppression of ETAR
expression within the residual tumors (fig.6F) and the drop of AXL expression (Fig.6E)?

We have updated our model in new Figure 8L and believe that the additional data we provide
explain our model now in a better and clearer way. The histology provided in new Figure 8K also
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should make clearer how AXL expressing cells appear to simply not increase in the presence of
EDNR antagonists.

Minor comment: In the references the name of each journal should be abbreviated according to
Index Medicus and italicized.

We have corrected this.
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Referee #2 (Remarks):

In this manuscript, Smith and colleagues provide evidence that, upon exposure to a BRAF-inhibitor,
BRAF-mutant melanomas upregulate expression of endothelin 1 (EDN1) in a MITF-dependent
manner. EDN1 upregulation confers drug-resistance through ERK re-activation in a paracrine
manner. Importantly, EDN1 support both MITF-high subpopulations through EDNRB and AXL-
high cells through EDNRA and therefore promotes maintenance of melanoma heterogeneity during
response to therapy. Endothelin receptor-antagonists suppress heterogeneity and sensitize to BRAF-
inhibition.

This is an excellent and very interesting piece of work. The manuscript is well-written, solid and
convincing. The clinical relevance of the findings is, however, limited by the data presented figure
S3D showing that the EDN1-paracrine protection can be overcome by MEKIi. This is potentially a
problem as BRAF/MEK combination therapy has replaced BRAF-inhibitor monotherapy in the
clinic. According to Figure S3D, EDNI1 paracrine protection should be less efficient under
combination BRAF/MEK inhibition. The authors should mention that this indeed limits the clinical
relevance of their finding in their discussion. Nevertheless, the findings are conceptually novel and
important.

We thank the reviewer for their positive comments. With regard to the clinical relevance, we discuss
on page 19 that while BRAF inhibitor monotherapy might allow for paracrine signals and therefore
does not enrich for AXL-high cells, addition of a MEK inhibitor would do so as selection is now
favoured. We mention the limitations with regard to BRAF/MEK inhibitor combination therapy, but
we suggest that an alternative to the combination therapy is BRAF/EDNR antagonist therapy which
-as we demonstrate-suppresses high AXL expression.

Below are my questions/comments/concerns:

1 -is EDN1-mediated paracrine protection only driven by MITFhigh cells? If so, what about the
previous paper (Smith et al.) stating that nelfinavir leads a decrease in PAX3 driven MITF
expression. Would MITFhigh driven EDN1-paracrine protection still occur?

We show that in line with downregulation of MITF, EDN1 expression is reduced in xenografts from
mice treated with a BRAFi Nelfinavir combination (Figure 2 for Reviewer #2). Therefore
nelfinavir would counteract EDN1-mediated paracrine protection. Due to space limitation we have
not included these data in the manuscript.

EDN1 Figure 2 for Reviewer#2:

c 10 - Combination of BRAFi and nelfinavir reduces EDN1
'§ [ | expression in A375 xenografts. Mice bearing A375
g ns xenografts were treated with nelfinavir (25 mg/kg qd) or
3 1| e [ . PLX4720 (BRAFi, 25 mg/kg qd) alone or in combination
_g F for 21 days, before RNA was extracted and analysed.
2

0.1

veh'icle BRIAFi nelfihavir cor;lbo

2- Introduction, Page3: "specific gene signature" correlating with AXL. The authors cite 5 papers
and mention a specific signature. This is misleading. Even though these signatures have in common
AXL they are not identical. The authors could propose a consensus signatures based on these 5
papers. Then the term "specific gene signature" would make sense.

We have analysed and identified a consensus signature (23 genes), but we believe that making this a
point would rather distract from the focus at this stage of the manuscript. We have therefore
removed the statement on page 3.

3- A375 cells might be genetically identical but transcriptionally they still may show heterogeneity
(page5, A375 xenografts and MITF heterogeneity).

We agree with the reviewer, this is exactly the point we want to make, as different MITF
transcription/protein levels will be linked to a different transcriptional state.

4- Page 6 "30% of cells still displayed weak MITF expression". This is not clear from data presented
in Fig.1D.

We apologise for this, this was an estimated value based on what we saw in previous Figure S1
(now EV1E,F) and we have removed this statement.
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5- Figure 2A: what are MITF and ERK basal levels before treatment?

We apologise for the confusion. The blot shown in Figure 2A is just depicting the basal MITF
expression level in these cell lines in an untreated state. In order to not get confuse with the
experiment regarding cell growth, we have separated these two results, and the MITF blot is now
shown as new Figure 2A and the growth assay as new Figure 2B.

6- Figure 3B: Are data from cell lines M249, WM present in Figure1C? If so, it would be
informative to indicate this.
We have done this.

7- Figure 5SD: why not include MEKi?
We have done this. MEKi overcomes EDN1 mediated protection and this is now shown in Figure
EV4A.

8- Possible correlations between EDNRA, EDNRB, ECE1, MITF and AXL levels should not only
be assessed in melanoma cell line but also in TCGA-SKCM (bulk) and in Tirosh's melanoma single
cell RNAseq analysis.

We have performed a correlation analysis using data from the TCGA dataset.The data confirm the
correlative relationship of EDNRA and AXL and EDNRB and MITF we had observed in the cell
line datasets. The data are shown in new Figure 7A. As for the Tirosh data, there is an uphold in the
up-loading process. We have contacted the authors and this was their reply:

[MESSAGE OMITTED FOR PRIVACY REASONS]

Referee #3 (Remarks):

The manuscript by Smith et al. studies melanoma heterogeneity, which is reported to be maintained
upon BRAF inhibitor treatment. Further investigating the link between melanoma heterogeneity and
drug responses, the authors show that cells that are pre-treated with BRAF inhibitors support growth
of BRAF inhibitor-sensitive tumor cells. This protective effect is associated with activation of the
MAPK pathway and is mediated by endothelin-1. This secreted protein can protect against MAPK
inhibitor-mediated loss of viability in sensitive cells via activation of the EDNRB receptor.
Conversely, the authors provide evidence that in AXL-positive cells, which are generally less
sensitive to MAPK inhibitors, endothelin-1 can provide protection via the EDNR receptors, too.
This study concludes with in vivo evidence that targeting EDNR in combination with BRAF
inhibition results in enhanced tumor killing.

I feel that this manuscript represents a study that is of potential interest to a broad audience and that
it may provide a deeper understanding of how tumor heterogeneity can support melanoma survival
in the context of MAPK inhibitor treatment. Nevertheless, a number of important concerns need to
be addressed while some claims require better experimental evidence to provide sufficient backing
for the paracrine support model that is put forward. Most importantly, it is unclear whether the
paracrine effect is specific for cells that have been treated with MAPK inhibitor and that upregulate
MITF (A375-T-like cells), or that something similar is observed for non-treated A375 cells too. To
exclude this possibility, in Figures 2B, 3A, 5F, 7A and 7B, additional controls using (CM of) A375
cells should be included (see below for more specific comments). An important omission in the
manuscript is that there is no support for the presence of A375-T-like cells in vivo. In the absence of
this, Figure 6B does not support the model and might even contradict it (see below for more
specific comments). Finally, the authors should further investigate what the supportive role of
endothelin-1 is in vivo to provide a better mechanistic understanding on its function in paracrine
growth support. In sum, while I believe that the message of the manuscript in principle is interesting
indeed, my concerns are of fundamental nature and would require further investigation.

Major comments:

1) The authors insufficiently exclude the possibility that support by endothelin-1 is specific for cells
that are A375-like (expressing higher levels of MITF upon MAPK inhibitor treatment). In a number
of cases, the appropriate control is not included for this. For instance, in Figure 3A, CM from
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untreated cells should be included to show that the paracrine effect is dependent upon MAPK
inhibition.

Figure 3 for Reviewer #3 shows that A375 cells treated with medium from DMSO/untreated A375
cells do not develop tolerance to BRAF inhibition. Due to space limitations we did not include these
data in the manuscript.
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Figure 3 for Reviewer#3:

Dose response curves for BRAFi. A375 cells were treated in either DMEM (control) or the
conditioned medium, which was derived from A375 cells treated with vemurafenib or DMSO for
the indicated times.

In Figure 5F, the appropriate experiment would be to compare A375-T to A375 (rather than no)
cells for co-injection with A375. With these experiments, it cannot be ruled out that it is the number
of cells injected rather than what is injected that is important.

We apologise for this confusion as we realise that the labelling of this graph was not very helpful.
We have improved the labelling to make clearer that in all zebrafish xenograft experiments the total
number of injected cells is the same. We have also added a table demonstrating the composition of
homogenous and heterogeneous xenografts in the zebrafish experiments in the Methods section in
the Appendix.

Finally, in Figure 7B and 7C, CM from A375 cells should be included to show specificity of the
paracrine effect for A375-T cells.
We have performed this control; the results are shown in new Figures 7D and EVSF and G.

2) With respect to Figure 2B, it is unclear how this experiment was conducted. Can the authors
exclude that the effect observed in the 'heterogeneous' setting is due to the fact the they simply inject
more cells? In other words, would injecting A375 + A375 (i.e., twice the amount) yield a different
outcome than for A375 + A375-T? This again comes back to the question above as to how specific
the "paracrine effect' is for A375-T cells.

We apologise for this confusion as we realise we did not explain this experiment very well. In all
zebrafish xenograft experiments the total number of injected cells is the same, and we have made
this now clearer in the figure legend. Furthermore, we have added a table demonstrating the
composition of homogenous and heterogeneous xenografts in the zebrafish experiments in the
Methods section in the Appendix.

3) The authors make a point about the observation that in the absence of drug, A375 cells grow
better in the context of A375-T cells. However, the reverse is also true, which is not explained in the
manuscript. This, once again, relates to my previous comments: can this be explained by the fact
that more cells in total were injected, rather than that this is an effect of co-injection of the A375 and
A375-T lines?

We consistently saw in our co-culture or conditioned medium experiments in-vitro that BRAFi-
treated cells produce factors present in the medium that have a pro-proliferative effect. This is
entirely in line with what we observed in vivo, and as explained above we inject the same total
number of cells; we apologise again for not being clear enough about this.

© EMBO
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4) The authors should provide support for the presence of A375-T-like cells in vivo. While they
show heterogeneous MITF expression in Figure 1, they fail to show that at least in some cells MITF
is induced as a consequence of drug treatment. In addition to this, the potential dependence of MITF
on the cell cycle should be taken into account when investigating this.

We have previously demonstrated that A375-T cells exist in vivo (Smith et al, Cancer Cell 2916),
but we now have added a blot in Figure 1B that shows MITF up-regulation in the ex-vivo cultures
isolated from mice that had been treated with BRAFi. We did not emphasise on the increased
expression level in the immunofluorescence experiment as the focus was on the heterogeneity, but
also in this analysis MITF expression is increased.

5) Related to point 4), if the authors cannot convincingly show that in Figure 6B A375-T-like cells
(the ones upregulating MITF) are present, these experiments would not support the paracrine
support model. Even worse, in such a case one could conclude that the effect of bosentan is
aspecific, or that endothelin-1 secreted by regular (not A375-T-like) cells is sufficient to support
tumor growth too, questioning the validity of the model.

As mentioned above, we have previously demonstrated that A375-T cells exist in vivo (Smith et al,
Cancer Cell 2916), and we now have added a blot in Figure 1B that shows MITF up-regulation in
the ex-vivo cultures isolated from mice that had been treated with BRAFi. We also show that these
ex-vivo cultures can produce paracrine protection (new Figure EV3D).

6) The authors should provide a better understanding of the supportive role of endothelin-1 in vivo.
How does this work? Is this via a decrease in apoptosis, a decrease in G1-arrest or an increase in
proliferation rate?

We have performed immunohistochemistry for cleaved caspase 3 and Ki67, and find that under
conditions when EDN1 signalling is inhibited and tumour growth is reduced, Ki67 staining is also
reduced and caspase staining is increased. This suggests that both, reduced proliferation and
increased apoptosis are involved. These data are shown in new Figure 8D and E.

7) With respect to Figure 3, a better characterization of the paracrine effect by the A375-T cells is
required to properly assess it: i) how long is the paracrine effect observed after drug withdrawal; ii)
is the paracrine effect correlated with MITF or AXL levels? Also, it is unclear where A375-T reside
in the AXL-MITF expression landscape in Figure 1C. Since this is such an important cell line in this
manuscript, it should be included there too.

We have performed experiments showing that the paracrine effect reverst within 14 days (i) and that
this correlates with MITF expression (ii). This is shown in new Figure EV3B and C. We have also
added A375-T cells in Figure 1 C.

Minor comments:

1) While the authors make the potentially interesting claim that "Intriguingly, we repeatedly
observed that after the last round of cell division one daughter cell died, while the other daughter
cell stayed arrested in G1 (Fig. 1E)", the referred experiment does not support this claim. Better
experimental evidence, including a quantification of the phenomenon, is required to support this
claim (which if true would be very interesting).

We have now indicated these incidences by a dashed line and have toned down the description in the
text as we do not want to distract form the actual point of the experiment, which was to demonstrate
the heterogeneity in response and independence of MITF expression.

2) The description of a number of figure panels in the corresponding legends is missing. For
instance, in Figure 1A, the (presumable) qRT-PCR is no mentioned in the legends. For Figure 1C, is
the fold change in volume relative to day 1? For Figure 3A: which cells were treated with MAPKi to
obtain CM?

We apologise for these omissions and have corrected this.

3) In Figure 2A, expression of MITF in untreated cells should be included to assess the regulation of
MITF by BRAFi treatment.

© EMBO
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We already showed in Figure 1B that long-term MAPKi inhibition up-regulates MITF expression,
and Figure 2A was only meant to demonstrate the status quo of MITF expression in these cells. We
do however realise that this was confusing and have now separated the blot and the growth
experiment previously shown in Figure 2A, which are now new Figure 2A and B.

4) In Figure 3C, the color legend is very confusing (blue color generally denotes a decline in
something, and that is not the case here).

We have changed this.

5) With regards to Figure SSE and SSF, they provide important evidence that the paracrine effect is
indeed mediated via endothelin-1. In my opinion this is key to the story and should be shown in the
main figures.

We agree with the reviewer about the relevance of these data. However, considering the amount of

new data added to the manuscript and due to space limitations these are now in Figure EVB and C,
where they will be more accessible than in a supplementary Figure.

6) It has been shown by several laboratories that acute MITF depletion in MITF-proficient tumors is
lethal, and thus it is not surprising that MITF-depleted A375-T cells cannot support their A375
counterparts (Figure 4D).

MITF depletion does not induce death in all cell lines, and we show in Figure 4 for Reviewer #3
that depleting MITF in A375-T cells. While reducing cell growth (due to cell cycle arrest), it does
not induce cell death.
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Figure 4 for Reviewer#3:

A. Relative cell number of A375 cells transfected with either a control or 2 MITF specific siRNAs.
Cell number was analysed 48 h after transfection. B. Caspase activity in A375 cells transfected with
either a control or 2 MITF specific siRNAs. Caspase activity using an incucyte® was analysed 48 h
after transfection. A BCL2 inhibitor was used as positive control.

7) By stating that "Together our data suggest that during the time of treatment when BRAF
inhibition reduces MAPK pathway activity, both MITF/EDNRB-high and AXL/EDNRA-high
populations are enriched. Indeed, we found that in melanomas from patients on

treatment, both EDNRA and EDNRB expression was increased (Fig. 6G).", the authors imply that
MITF/EDNRB-high and AXL/EDNRA-high populations are enriched. In order to support such a
claim, the authors should exclude that BRAF inhibitor treatment does not simply upregulate
EDNRA and ADNRB expression.

We agree with the reviewer and have removed this statement.

8) In Figure 7, the authors rely on bosentan as an inhibitor of EDNRs to show that these receptors
support proliferation in AXL-high cells. However, to exclude that the effects observed here are
specific, at least one independent way of blocking endothelin-1 signaling (e.g., using a blocking
antibody or shRNA/CRISPR technology) should be included to support this claim.

We have added an experiment using macitentan, BQ788 and BQ123 as well as an EDN1 blocking
antibody. The results are shown in Figure EVSF and G.
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9) In the summary the authors state that "Endothelin receptor-antagonists suppress heterogeneity",
but I cannot find where this claim is supported in the manuscript.

We agree with the reviewer that this statement does not accurately reflect what we wanted to say
and we have changed the text, which now states that ..”Endothelin receptor-antagonists suppress
AXL-high expressing cells”.

2nd Editorial Decision 27 April 2017

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 provide scale bars for figures 6A, EVIC,D, E and F, EV2, EV6D and F. Also, scale bars
for some EV6 panels are difficult to see, please improve visibility. Finally, please indicate in Fig.
EV1B a scale bar for the magnification and indicate wherefrom it is derived in the original panel.

2) Although the signage on your source data files is quite good, it would be most helpful if you
could also assign the corresponding panel identification in the source data files. In fact, I found it a
bit difficult to properly match source blots with the corresponding manuscript figures. For instance 1
had such doubts for Fig. 3 and others. Please amend the source data files by indicating panel
attribution but also please carefully check matches, especially for the loading controls.

3) While performing our pre-acceptance quality control and image screening routines, we also
noticed possible lane splicing in Fig. 4. Furthermore, the corresponding source data file does not
match the figure. Please note that as per our guidelines, this is not generally allowed. If however,
juxtaposing images is essential, the borders should be clearly demarcated in the figure and
declared/described in the legend. Please explain this occurrence, amend the figure and legend
accordingly and provide the correct source data information.

4) Please move the "Time-lapse FUCCI cell cycle analysis", "Melanoma 3D Spheroid Growth, and
"In vivo xenograft studies" sections of the Supplementary Methods to the main manuscript.
Manuscript length is not a concern as EMBO Molecular Medicine is online only.

5) As per our Author Guidelines, the description of all reported data that includes statistical testing
must state the name of the statistical test used to generate error bars and P values, the number (n) of
independent experiments underlying each data point (not replicate measures of one sample), and the
actual P value for each test (not merely 'significant' or 'P < 0.05").

6) The manuscript must include a statement in the Materials and Methods identifying the
institutional and/or licensing committee approving the experiments, including any relevant details
(like how many animals were used, of which gender, at what age, which strains, if genetically
modified, on which background, housing details, etc). We encourage authors to follow the ARRIVE
guidelines for reporting studies involving animals. Please see the EQUATOR website for details:
http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-
arrive-guidelines-for-reporting-animal-research/. Please make sure that ALL the above details are
reported. Age and gender details appear to be missing for the mouse experiments.

7) Every published paper includes a 'Synopsis' to further enhance discoverability. Synopses are
displayed on the journal webpage and are freely accessible to all readers. They include a short
description as well as 2-5 one-sentence bullet points that summarise the key NEW findings of the
paper. The bullet points should be designed to be complementary to the abstract - i.e. not repeat the
same text. We encourage inclusion of key acronyms and quantitative information. Please use the
passive voice. Please attach this information in a separate file or send them by email, we will
incorporate it accordingly. We also encourage the provision of striking image or visual abstract to
illustrate your article. If you do, please provide a jpeg file 550 px-wide x 400-px high.

Please submit your revised manuscript within two weeks. I look forward to seeing a revised form of
your manuscript as soon as possible.
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*EkxEE Reviewer's comments *#%*#%
Referee #1 (Remarks):

The authors have responded appropriately to my concerns. I recommend acceptance for publication

Referee #2 (Remarks):

The authors have addressed adequately my concerns/criticisms.

Referee #3 (Remarks):

In my view, the revision of this manuscript has been performed in an outstanding manner,
meticulously addressing all the questions and comments that I had. I can only compliment the
authors for the precision with which they have revised their manuscript. As indicated in my previous
review, | feel that this manuscript represents a study that is of interest to a broad audience and that
will provide a deeper understanding of how tumor heterogeneity can support melanoma survival in
the context of MAPK inhibitor treatment. I would therefore strongly recommend publication of the
manuscript by Smith et al in EMBOMM.

2nd Revision - authors' response 04 May 2017

My sincere apologies for the mix-up with the source data; we have now addressed these issues
(point 2), which were mainly ‘flipped’ images for the loading controls and the use of blots from
other biological repeats of the respective experiments. We have now thoroughly checked that the
source data match the images in the manuscript and have improved the labelling (point 2). As for
Fig. 4 (point 3), I believe that the ‘lane splicing’ that was picked up was an issue with scanning the
film. We have now provided the correct source and rescanned it to make sure that the ‘line’ is not
appearing in the image.

Furthermore, we have added scale bars (point 1), have amended Materials and Methods (point 4),
where we also added more information on the strain, age, gender and number of mice used in our
study (point 6). We have also added exact P values and the number (n) of experiments/mice used for
each data point (point 5). Finally, the labelling in the Appendix Figures has been corrected (extra
email).

I have also written a Synopsis (point 7) that is accompanied by a visual abstract. I will be sending

these files by email. I hope that we have addressed all the remaining issues and that the manuscript
is now acceptable for publication.
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Reporting Checklist For Life Sciences Articles (Rev. July 2015)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data
The data shown in figures should satisfy the following conditions:

= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

> a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

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

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

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

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

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

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

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

Please ensure that the answers to the following questions are reported in the manuscript itself. We encourage you to include a
specific subsection in the methods section for statistics, reagents, animal models and human subjects.

In the pink boxes below, provide the page number(s) of the manuscript draft or figure legend(s) where the
information can be located. Every question should be answered. If the question is not relevant to your research,

please write NA (non applicable).
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B- Statistics and general methods

Please fill out these boxes if you cannot see all your text once you press ref

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

For in vitro experiments sample size was determined by a minimum of 3 biological replicates
where this did not reuslut in significance additional experiments were performed.

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

Group sizes were determined by sample size calculation based on archived control and response
data. To detect a 30% change in growth with 80% power to p=0.05 required n=5/6 per group

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

No samples were excluded

3. Were any steps taken to minimize the effects of bias when /samples to (e.g. Once tumours hit size 100mm3 they were randomly assigned into treatment groups, as to ensure
randomization procedure)? If yes, please describe. tumours of varying rates of growth were equally assigned.
For animal studies, include a about r even if no was used. (Once tumours hit size 100mm3 they were randomly assigned into treatment groups, as to ensure

tumours of varying rates of growth were equally assigned.

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

Yes, once tumours hit size 100mm3 they were randomly assigned into treatment groups, as to
ensure tumours of varying rates of growth were equally assigned. Tumour sizes were measured
independently by a member of staff that was unaware of treament group assignment.

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

Tumour sizes were measured independently by a member of staff that was unaware of treament
group assignment and was not part of the dosing regime.

5. For every figure, are statistical tests justified as appropriate?

Yes every statistical tests is appropriately assigned and is stated in each figure where used.

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Yes every statistical tests is appropriately assigned and is stated in each figure where used.

Is there an estimate of variation within each group of data?

This was not appropriate in this study.

Is the variance similar between the groups that are being statistically compared?

Yes if not this is stated

C- Reagents



D- Anima

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.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

All anti-body details are included in the Annex additional methods section with name, speices,
catalog number and where appropriate the clone number. All antibodies have been used
extensively before and well charecterised (Smith et al 2016, Smith et al 2014, Ferguson et al 2013)
The exception being EDN1 which was confirmed by size determination and specificitity tested via
knock-down in figure EV4B

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

Source of cell lines and authentication is include in the Annex additional methods section.
Mycoplasma testing is carried out on a monthly basis.

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

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
land husbandry conditions and the source of animals.

This is included in the Annex additional methods section; female, CD1 nudes, 8 weeks of age for
innoculation.

9. For experiments involving live vertebrates, include a of with ethical

lcommittee(s) approving the experiments.

and identify the

All animal procedures involving animals were ethically approved by University of Manchester
Animal Welfare and Ethical Review Bodies (AWERB) and carried out under license in accordance
with the UK Home Office Animals (Scientific Procedures) Act (1986), the guidelines of the
Committee of the National Cancer Research Institute (Workman et al, 2010) and the University's
Policy on the Use of Animals in Research
(http://documents.manchester.ac.uk/display.aspx?DoclD=18548)

10. We r the ARRIVE (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting

’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

All animal procedures involving animals were in compliance with the UK Home Office Animals
(Scientific Procedures) Act (1986), the guidelines of the Committee of the National Cancer
Research Institute (Workman et al, 2010) and the University's Policy on the Use of Animals in
Research (http://documents.manchester.ac.uk/display.aspx?DocID=18548)

E- Human Subjects

F- Data A

G- Dual u:

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

[All patients were consented for tissue acquisition per an IRB-approved protocol (Office for Human
Research Studies, Dana-Farber/Harvard Cancer Center)

right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

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

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. N/A
14. Report any restrictions on the availability (and/or on the use) of human data or samples. N/A
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. N/A
16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)  [N/A
[and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

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

18. Provide codes for data. See author under ‘Data Deposition’. N/A
Data deposition in a public repository is mandatory for:

a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

le. Proteomics and molecul

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the  |N/A
journal’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’ or in

unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while N/A
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 repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state N/A
'whether you have included this section.

Examples:

Primary Data

[Wetmore KM, Deutschbauer AM, Price MN, Arkin AP (2012). Comparison of gene expression and mutant fitness in

Shewanella oneidensis MR-1. Gene Expression Omnibus GSE39462

Referenced Data

Huang J, Brown AF, Lei M (2012). Crystal structure of the TRBD domain of TERT and the CR4/5 of TR. Protein Data Bank

4026

[AP-MS analysis of human histone deacetylase interactions in CEM-T cells (2013). PRIDE PXD000208

22. Computational models that are central and integral to a study should be shared without restrictions and provided in a [N/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 list 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

in a public repository or included in y information.
se research of concern
23. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top N/A




