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1st Editorial Decision 17 April 2019

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

As you will see from the reports below, the 3 referees acknowledge the potential interest and
translational relevance of the findings, however they also have fundamental concerns that should be
addressed in a major round of revision of the present manuscript. In particular, the mechanism
linking neutrophils, MMP9, TGFp and T cells needs to be convincingly strengthened to fully
support the conclusions. In several instances, controls, quantifications and/or clarifications are also
needed to bring the paper up to publication level.

Addressing the reviewers' concerns in full will be necessary for further considering the manuscript
in our journal. 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.

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. Should you decide to
submit a revised version, I do ask that you get in touch after three months if you have not completed
it, to update us on the status.

Please also contact us as soon as possible if similar work is published elsewhere. If other work is
published, we may not be able to extend the revision period beyond three months.

Please read below for important editorial formatting and consult our author's guidelines for proper
formatting of your revised article for EMBO Molecular Medicine.

I look forward to receiving your revised manuscript.
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wEkxEE Reviewer's comments *#* 4%
Referee #1 (Remarks for Author):

In their manuscript, Germann and colleagues address the immune-suppressive effect of tumor-
infiltrating neutrophils in pre-malignant colon adenoma cells. In their APC-floxed, CDX2-cre mouse
model, they observe a higher abundance of infiltrating neutrophils in adenoma, and according to
their in vitro co-culture model of T cells and neutrophil cells, neutrophil-secreted MMP9 activates
latent TGF-beta to mediate effector T cell exhaustion. As has been shown previously by others,
increased levels of activated TGF-beta prevent CD8-CTL infiltration and anti-tumor activity in
advanced liver metastatic CRC. The authors provide an appealing new mechanism and shed light on
how CRC-activated neutrophils mediate this type of immune-suppression at the interface of tumor-
associated fibroblasts (which deposit latent TGF-beta in ECM) and T lymphocytes. Also, the finding
that CMS4 tumors show a strong neutrophil signature which inversely correlates with the T cell
score supports the clinical significance of the in vitro co-culture data presented in the manuscript.
However, as an initial and very surprising novel aspect of the study, the authors set out to provide
evidence that the functionality of effector T cells already puts a break on pre-malignant colon
adenoma initiation/formation. The suggested mechanism of immune-suppression at this early stage
of CRC development stays in contrast to what had been observed by others (as specified below), and
the here used experimental approach and the actual in vivo experiments performed do in my opinion
not justify this conclusion drawn by the authors. There are several weaknesses which should be
addressed carefully:

Major point 1:

Since the here used genetic mouse model mainly develops benign colon adenoma with intrinsic
Wnt-pathway activation that lack any invasive features, the presented data stand in contrast to
observations made by Tauriello et al. (2018, Nature) who reported that T cells indeed infiltrate
adenoma extensively and very similar when compared to normal tissue. T cell exclusion was only
detectable at the compound mutant (APC, KRAS, TP53, SMAD4) tumor-invasive margins. And
only in this area an increased activation of TGF-beta signaling was detected. To address this issue,
the authors should bring evidence that latent TGF-beta in the colon adenoma-associated
microenvironment of their mice is indeed activated above normal. IHC staining against phospho-
SMADs and TGF-beta target genes should be performed on FFPE sections to better characterize the
TME of mouse colonic adenoma.

Major point 2:

The authors observe that blocking both CD4 and CD8 positive T-lymphocytes via systemic
application of antibodies impacts on mouse colon adenoma formation in the context of Cre-mediated
KO of APC. Surprisingly, the main effect of T-cell blockade is an increased number of adenoma
frequency while individual adenoma growth/expansion is not significantly altered by continuous
application of anti CD4/CDS antibodies (Figure 1C, right panel). One would expect that a lack of
functional CD8 CTL activity supports individual adenoma growth. Blocking neutrophil cells indeed
decreased the average tumor volume dramatically, even at later time points (Figure 3D). Together,
the presented data rather suggest that neutrophil cells indeed support colon adenoma growth but this
might be rather independent of the effector T cell status. The authors should perform additional
experiments to support their hypothesis: E.g. blockade of CD4/CD8 or even CD8 lymphocytes alone
via antibody application should functionally rescue the observed effect of a lower neutrophil content
on in vivo adenoma growth (as depicted in Figure 3C,D).

Major point 3:

Related to point 3: since immune-cells, including T cells, are involved in the integrity of the
epithelial barrier function (e.g. reviewed in Konjar S 2017 Front Immunology), the experimental
approach chosen by the authors to block both intr CD4 and CD8 cells simultaneously and
prior/concomitant with tamoxifen application bears a reasonable risk to produce artifacts. E.g.
disturbance of the epithelial barrier might lead to elevated epithelial permeability, an altered
bacterial infiltration, and potentially a better accessibility of the colon stem cell niche towards the
low dose of tamoxifen applied. This in turn might be an alternative explanation why anti-CD4/CD8
treated animals developed a higher number of adenoma while adenoma growth itself is counter-
intuitively not effected (Figure 1C, right panel). The authors should carefully address this technical
issue in order to justify the here suggested mechanism of immune-cell function in benign colonic
adenoma.

Major point 4:
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The authors provide strong but exclusive ex vivo evidence via a co-culture system that neutrophil-
derived MMP?9 released by tumor-associated neutrophils activates latent TGF-beta and hence blocks
proliferation and cytotoxic activity of T-cells. Neutrophil-derived MMP9 in liver metastatic CRC
has been already described recently by Ogawa and colleagues (Clinical Cancer Research, 2019).
Importantly, Germann et al. provide important new and mechanistic data on exactly how this might
contribute to modulation of the T cell immune-response.

To provide sufficient evidence that this mechanism indeed plays a role during early pre-malignant
colon adenoma initiation/formation in vivo, the authors should treat their CDX2-Cre/APC-floxed
animals with TGFbeta inhibitors and MMP9 inhibitors directly after adenoma initiation. If their
hypothesis is true, then the de novo initiated adenoma should get engaged more efficiently by now
infiltrating and activated CD8-CTLs, and this should result in a reduced tumor growth/burden.
Minor point 1:

Since the authors observe that presumably CD8-positive effector T cells but not regulatory CD4+
cells might be excluded from colon adenoma tissue (shown in Figure 2K), it would be interesting to
see if inhibiting CD8-positive cells alone shows a similar effect on overall adenoma burden.

Referee #2 (Remarks for Author):

Summary

The authors examine the importance of T cells in the development of colon adenomas in a mouse
model and identify tumor-infiltrating neutrophils as a mediator of T cell proliferation in vitro and
activation in vivo. They also explore the underlying mechanism by implicating MMP9 and TGFbeta
signaling as critical for neutrophil-induced reduction of T cell proliferation in vitro. They correlate
"high" neutrophil and TGFbeta human gene signatures with "low" T cell signatures, further
suggesting the inhibitory role of neutrophils on T cells.

Strengths

The role of immune cells in tumor initiation and development is clinically relevant with the rise in
immunotherapies. The authors provide nice evidence for the role of T cells in the early development
of colon adenomas. It is important to understand why some colon cancers and not others are able to
evade the immune system and the outlook of their studies is timely and interesting.

Weaknesses

This was an ambitious study that was logically presented; however, there was not sufficient
evidence for many of conclusions that were drawn. There was also a lack of clarity in the design and
presentation of many of the experiments, with some perceived lack of focus. In many cases,
additional experiments are needed.

Specific Comments

Abstract/Intro

* The authors fail to use necessary hyphens throughout the paper.

* The authors refer to immune checkpoint blockade inhibitors; however, this is incorrect and should
be either immune checkpoint blockade OR immune checkpoint inhibitors.

Results

Figure 1

* The authors should include the gating done for flow cytometry (true for all figures)

* In 1C, the y-axis are inconsistently labeled "tumor" or "tumour"

« It is unclear if the authors are referring to adenoma polyps or malignant tumors in these
experiments. This should be clarified.

* The authors should address that depleting T cells with CD4 and CDS antibodies do not deplete all
T cells, as there are double negative T cells that would not be targeted. It is unclear if this population
could be important.

* Unpaired t tests would be more appropriate.

* Representative images of the tumor burden in these mice would be helpful.

« It is unclear if TCRb refers to TCRbeta.

* IHC staining showing fewer T cells in these mouse tumors would strengthen these results.

Figure 2
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* The benefit of 2B and E is unclear as there is no normal colon tissue staining to compare it to.
* The authors show a decrease in T cells in general (those that are TCRb+) in adenomas, but it
would be of additional interest to look at specific T cell populations, such as T helper cells or
cytotoxic T cells. Do the ratios of inflammatory vs immunosuppressive T cells change?

* The authors look at CD4+ Tregs, but they should examine the CD8+ Treg population as well.

Figure 3

« It is not clear how the proliferation index was determined.

« It is not clear if the T cells used in the in vitro experiments are primary T cells from mice or a cell
line. If they are primary T cells, the authors need to describe how they are isolated and whether they
are isolated from WT mice or the APC{l/fl mice? Did they isolate a specific sub-type of T cell or a
general T cell population (are they CD4+ or CD8+)? The authors should provide evidence of the
purity of the isolated population. This is also necessary for the isolation of neutrophils, monocytes,
and macrophages.

« It is not clear why the authors included a CXCR2 inhibitor treatment.

* The authors are not clear on what they believe are the primary suppressive effects neutrophils on T
cells in adenomas. Is it through reducing proliferation, which is suggested by the in vitro but not in
vivo data, recruitment to the tumor, inhibiting activation, or influencing differentiation into different
T cell subtypes?

* The IHC image of increased CD3+ cells with neutrophil depletion (is this 3E, it is not labeled)
does not match the FACS analysis in 3F that does not show a change in T cell number.

* The authors should include evaluation of the total tumor number and total tumor burden to be
consistent with Figure 1.

« It is unlikely that neutrophils are the only cells influencing T cells in adenomas. The influence of
macrophages should not be ignored as the authors provide evidence of their increased numbers in
adenomas and ability to reduce T cell proliferation in vitro.

* The conclusion of figure 3 that "...neutrophils impair T cells present in colon tumors..." is too
strong, as the data presented do not show any direct reduction in T cell impairment with decreased
neutrophils.

Figure 4

* The authors do not adequately prove that MMP9 in the culture media is from neutrophils.
Furthermore, they do not provide sufficient evidence of neutrophils as a source of MMP9 in vivo.
MMP9 can be released from other cells in the TME.

* Proliferation index needs to be defined.

« It is not clear how "active" TGFbeta was measured.

* The conclusion of this section and the model in 41 is not adequately supported as it is not obvious
that the main source of MMP9 is from neutrophils. Additionally the MMP inhibitor used is a pan-
inhibitor, so no conclusion can be drawn regarding MMP9 specifically. TGFbeta receptor inhibitors
are not very specific and could be inhibiting other pathways. Additional experiments are needed to
strengthen the conclusions made in this figure.

Figure 5

* Quantification of IHC staining is necessary for any conclusions to be drawn. This may or may not
be a representative image of all tumors.

« It is not clear what is considered "high" vs "low" for the signatures.

* Again, the methods for the isolation of primary cells needs to be more clear and validation of
successful isolation needs to be included.

Referee #3 (Remarks for Author):

Germann et al. manuscript EMM-2019-10681:
"Neutrophils suppress tumor infiltrating T cells in colon cancer via matrix metalloproteinase
mediated activation of TGFf"

Summary:

In this study, Germann and colleagues have investigated the mechanisms underlying T cell
suppression in colorectal cancer (CRC). Using Apcfl/fl-Cdx2CreERT2 mice that develop adenomas
in the colon upon tamoxifen induction, the authors show that co-depletion of CD4+ and CD8+ T
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cells increases tumor burden. They demonstrate that myeloid cells make up a large proportion of the
immune infiltrate of established tumors, and that of these cells, neutrophils possess most potent T
cell-suppressive capacities. Mechanistically, the authors demonstrate that neutrophils produce
MMP9, which proteolytically activates TGF. Interference with this signaling reverses neutrophil-
mediated T cell suppression in vitro. Lastly, the authors show a correlation between high gene
expression profiles of neutrophils, TGFp signaling, and low T cell scores in human CRC.

Given the low number of CRC patients responding to immune checkpoint blockers, finding
mechanisms that counteract anti-tumor immunity are of substantial importance for the treatment of
these patients. This work adds interesting insight into potential mechanisms. However, several
aspects need to be addressed:

General comments:

- As the authors discuss in their manuscript, the importance of TGFP in the anti-CRC T cell
response has been demonstrated (Tauriello et al., 2018; Mariathasan et al., 2018), the proteolytic
activation of TGFp by MMP9 has been described (Yu & Stamenkovic, 2000), and T cell inhibition
by neutrophils is well-established (Gabrilovich et al., 2012). Although this manuscript proposes a
mechanistic link between these aspects, this is only shown in in vitro experiments. Without an in
vivo functional validation of the mechanistic link between neutrophils, MMP9, TGFb and T cells,
the novelty of this manuscript is limited. For instance, the authors should check MMP9 and active
TGFp protein levels in the tumors of neutrophil-depleted mice. In addition, the authors are adviced
to assess whether TGFB or MMP inhibition increases T cell proliferation and tumor control in vivo.
- In Fig. 3, the authors demonstrate that neutrophil depletion leads to an increase in frequencies of
IFNg+ T cells. To formally show that the reduction in tumor size (Fig. 3D) is a result of alleviation
of neutrophil-mediated T cell suppression, mice should be treated with CXCR2i + anti-Grl in
combination with (CD4/CD8) T cell depletion. Otherwise, it cannot be ruled out that other
neutrophil-mediated mechanisms control tumor size.

- To support some of the claims in this manuscript, it would be essential to quantify the
immunohistochemical analyses shown in Fig. 2, 3, and Supplemental Fig. 1. This is of particular
interest because as for example Fig. 3 does not show an increase in T cell frequencies after
neutrophil depletion, but the IHC in Fig. 3E demonstrates a dramatic increase in CD3+ cells. This,
combined with Fig. 3G, would be important data to demonstrate an immunosuppressive function of
neutrophils in vivo.

- TGFp blockade reverses neutrophil-mediated immunosuppression in vitro (Fig. 4E). However, it is
not clear what the source of TGF is in this setting. In vivo, it seems like monocytes and stromal
cells produce TGFp. But these are not present in the in vitro setting.

- In addition, Fig. 4A shows high TGFB3, it would be of interest to show the source of TGFf3,
similar to Fig. 4D.

- The authors claim that MMP inhibition in the T cell/neutrophil co-culture reduces active TGFf
levels. However, the data shown in Fig. 4F do not show a statistically significant difference. Since a
trend of decrease is clearly visible, this experiment would require repetition with more samples to
justify this claim.

Minor comments:

- It may be more insightful to separate Fig. 2I into two graphs of neutrophils and monocytes.

- Fig. 4H, these data should be shown in a not-normalized way, to make it more transparent what the
extent of the reversal of suppression by TGFB and MMP inhibition is in this culture, compared the
proliferation index of the 'T cells alone' group. Alternatively, the figure should include T cells alone
in the same normalized fashion.

- Supplemental Fig. 4C would be clarified by adding legends in the figure showing which data
comes from circulating and which from tumor-infiltrating immune cells.

- The authors should more clearly state in the methods section where the T cells in their in vitro
experiments come from, and if these are a mix of CD4+ and CD8+ T cells, or only one of the two
populations. And in line with this, it should be more clearly stated what the source of the human T
cells and neutrophils is (Fig. SE, F).

- In the results section, page 5, the authors refer to Figure 1A as "(1A)" instead of "(Fig. 1A)".

- Fig. 3E is missing an "E".
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1st Revision - authors' response 2 October 2019

Referee #1:

The authors provide an appealing new mechanism and shed light on how CRC-activated neutrophils
mediate this type of immune-suppression at the interface of tumor-associated fibroblasts (which
deposit latent TGF-beta in ECM) and T lymphocytes. Also, the finding that CMS4 tumors show a
strong neutrophil signature which inversely correlates with the T cell score supports the clinical
significance of the in vitro co-culture data presented in the manuscript.

We want to thank this reviewer for the very positive and encouraging comments.

However, as an initial and very surprising novel aspect of the study, the authors set out to provide
evidence that the functionality of effector T cells already puts a break on pre-malignant colon
adenoma initiation/formation. The suggested mechanism of immune-suppression at this early stage
of CRC development stays in contrast to what had been observed by others (as specified below), and
the here used experimental approach and the actual in vivo experiments performed do in my opinion
not justify this conclusion drawn by the authors. There are several weaknesses which should be
addressed carefully:

Major point 1:

Since the here used genetic mouse model mainly develops benign colon adenoma with intrinsic
Wnt-pathway activation that lack any invasive features, the presented data stand in contrast to
observations made by Tauriello et al. (2018, Nature) who reported that T cells indeed infiltrate
adenoma extensively and very similar when compared to normal tissue. T cell exclusion was only
detectable at the compound mutant (APC, KRAS, TP53, SMAD4) tumor-invasive margins. And
only in this area an increased activation of TGF-beta signaling was detected. To address this issue,
the authors should bring evidence that latent TGF-beta in the colon adenoma-associated
microenvironment of their mice is indeed activated above normal. IHC staining against phospho-
SMADs and TGF-beta target genes should be performed on FFPE sections to better characterize the
TME of mouse colonic adenoma.

We agree with the suggested experiment and comment. To address this point, we performed IHC as
suggested and stained sections of Apc™ T P2 ERT2 nyouse colon samples for pPSMAD3 and the
TGEFp target gene IGFBP7. Strong pSMAD3 staining was detectable in the majority of adenoma
epithelial and stromal cells compared to normal colon mucosa, (newly added Fig. EV3A-B).
Furthermore, to investigate how early strong pPSMAD?3 staining was detectable we stained sections
of ApcMCH2CreERT 1) 5use colon samples just 3 weeks after induction of Cre-mediated
recombination of the APC gene. At this stage mice have developed aberrant crypt foci, which also
stained positive for pPSMAD3 (newly added Fig. EV3C). Similarly—and in agreement with the
pSmad3 staining—the TGFp target gene IGFBP7 was expressed in the stroma of early lesions three
weeks after initiation of tumorigenesis, but not in adjacent normal mucosa (newly added Fig.
EV3D). Taken together these new experimental data provide strong evidence that elevated TGFb
signaling is indeed a very early event in our mouse model. These data are mentioned in the results
section on page 10.

We will briefly comment on the differences between the the study by Taurillo et al and our data.
Tauriello et al. indeed show that mouse intestinal carcinomas derived from the AKPT Lgr5-Cre-
ERT2 mouse model have low CD3+ cell density and high phosphorylated SMAD3 (pSMAD3)
staining, indicative of increased TGFf pathway activity compared to normal mucosa. Their data
further indicates that CD3+ cell density in Apc™™ “™FRT2 3 denomas is more similar to normal
mucosa than to the compound mutant carcinomas. Nevertheless, their data also indicate that CD3+
cell density is in fact lower in adenomas compared to normal mucosa (Figure le in (Tauriello et al,
2018)). It must also be noted that Tauriello et al. investigated mainly adenomas in the small
intestine, while our study is restricted to colon adenomas, which is where tumors localize in humans
most frequently. Differences between the microenvironments in these two tissues could contribute to
variable levels of T cell exclusion. Unfortunately, Tauriello et al. did not investigate TGFf signaling
activation in adenomas in their study, but rather carcinomas.

Major point 2:
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The authors observe that blocking both CD4 and CD8 positive T-lymphocytes via systemic
application of antibodies impacts on mouse colon adenoma formation in the context of Cre-mediated
KO of APC. Surprisingly, the main effect of T-cell blockade is an increased number of adenoma
frequency while individual adenoma growth/expansion is not significantly altered by continuous
application of anti CD4/CDS antibodies (Figure 1C, right panel). One would expect that a lack of
functional CD8 CTL activity supports individual adenoma growth. Blocking neutrophil cells indeed
decreased the average tumor volume dramatically, even at later time points (Figure 3D). Together,
the presented data rather suggest that neutrophil cells indeed support colon adenoma growth but this
might be rather independent of the effector T cell status. The authors should perform additional
experiments to support their hypothesis: E.g. blockade of CD4/CD8 or even CD8 lymphocytes alone
via antibody application should functionally rescue the observed effect of a lower neutrophil content
on in vivo adenoma growth (as depicted in Figure 3C,D).

We agree with the reviewer that it is somewhat surprising that T cell depletion in established colon
adenomas did not lead to a significant change in tumor size. Although tumor size was not
significantly increased in this setting, there is a clear trend towards larger tumors.

We also agree with the suggestion to investigate whether the colon adenoma promoting effect of
neutrophils is indeed T cell dependent and performed the experiment as suggested. Simultaneous
depletion of neutrophils and CD4/CD8 T cells indeed rescued the observed effect of a lower
neutrophil content on in vivo adenoma tumor burden. We show this data now as Fig. EV2A-C and
mention it in the result section on page 8.

Since we cannot with certainty define whether T cells influence growth or initiation of tumor
lesions, we toned down our statement in the Results section on page 5 to “Taken together, this
indicates that T cells already counteract tumor formation in the colon of mice at the early adenoma
stage, and T cell depletion accordingly promotes tumor development.”

Major point 3:

Related to point 3: since immune-cells, including T cells, are involved in the integrity of the
epithelial barrier function (e.g. reviewed in Konjar S 2017 Front Immunology), the experimental
approach chosen by the authors to block both intr CD4 and CD8 cells simultaneously and
prior/concomitant with tamoxifen application bears a reasonable risk to produce artifacts. E.g.
disturbance of the epithelial barrier might lead to elevated epithelial permeability, an altered
bacterial infiltration, and potentially a better accessibility of the colon stem cell niche towards the
low dose of tamoxifen applied. This in turn might be an alternative explanation why anti-CD4/CD8
treated animals developed a higher number of adenoma while adenoma growth itself is counter-
intuitively not effected (Figure 1C, right panel). The authors should carefully address this technical
issue in order to justify the here suggested mechanism of immune-cell function in benign colonic
adenoma.

To address whether T cell depletion may indeed affect indirectly the frequency of tamoxifen
induced Cre-mediated recombination of the floxed APC gene, we quantified recombination events
based on increased nuclear and cytoplasmic b-catenin staining, which is only observed as a
consequence of loss of the APC gene (Barker et al, 2009). We analyzed -catenin staining in colon
epithelial cells five days after initiation of our T cell depletion regimen. For that purpose, cecum and
proximal colon were collected, fixed and sectioned. Ten arbitrary areas per mouse colon section
were quantified. We did not observe any significant increase in the recombination efficiency of
CD4/CD8 depleted animals compared to IgG treated animals. Taken together these experimental
data suggest that T cell depletion does not have an effect on tamoxifen-induced recombination
events within the stem cell niche. We added this data as new Appendix Fig. S1C and S1D and
describe the results of this experiment on page 5 of the manuscript.

Major point 4:

The authors provide strong but exclusive ex vivo evidence via a co-culture system that neutrophil-
derived MMP?9 released by tumor-associated neutrophils activates latent TGF-beta and hence blocks
proliferation and cytotoxic activity of T-cells. Neutrophil-derived MMP9 in liver metastatic CRC
has been already described recently by Ogawa and colleagues (Clinical Cancer Research, 2019).
Importantly, Germann et al. provide important new and mechanistic data on exactly how this might
contribute to modulation of the T cell immune-response.
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To provide sufficient evidence that this mechanism indeed plays a role during early pre-malignant
colon adenoma initiation/formation in vivo, the authors should treat their CDX2-Cre/APC-floxed
animals with TGFbeta inhibitors and MMP9 inhibitors directly after adenoma initiation. If their
hypothesis is true, then the de novo initiated adenoma should get engaged more efficiently by now
infiltrating and activated CD8-CTLs, and this should result in a reduced tumor growth/burden.

We thank the reviewer for the very positive comment and the suggested experiment. First, we
treated Apc” T C2ERT2 tymor bearing mice with the MMP2/9-inhibitor SB-3CT (MMP2/9i) for
four days to investigate whether this treatment would indeed result in a reduction of TGFb signaling
in adenomas. This indeed resulted in a significant decrease in the number and staining intensity of
pSMAD?3+ cells within tumors (newly added Fig. 5SA-C) indicating that the inhibitor lead to reduced
TGFb activation. Next, we treated Apc” ™R tymor bearing mice for two weeks (five days on
two days off) with either the MMP2/9-inhibitor SB-3CT or TGFBRi (SB431542) and analyzed
tumor size one week post inhibitor treatment. Both, TGFBRi or MMP2/91i treatment led to reduced
average tumor size in Apcﬂ/ f-CA2CreERT 1y mor bearing mice. This suggests that targeting Tgfb
signaling in vivo either via inhibition of its receptor or indirectly via MMP inhibition counteracts
early adenoma development. This new data is now shown as Fig. 5D-E and are mentioned on page
10 and 11.

Minor point 1:

Since the authors observe that presumably CD8-positive effector T cells but not regulatory CD4+
cells might be excluded from colon adenoma tissue (shown in Figure 2K), it would be interesting to
see if inhibiting CD8-positive cells alone shows a similar effect on overall adenoma burden.

Our original Figure 2 did not discriminate between exclusion of CD4 and CD8 T cells within the
colon adenoma tissue of our mice. We apologize for this. Both CD8" and CD4" FoxP3 negative T
cells are excluded from adenomas. This data is now shown Fig. 2H and I (please see also comment
of reviewer 2 (Figure 2. Bullet point 2)

We conducted the experiment as suggested and depleted either CD8" T cells alone or in combination
with CD4" cells. While co-depletion of CD4" and CDS8" cells leads to increased tumor number and
total tumor burden (Fig. 1C) depletion of CDS8" T cells alone had no effect on tumor number or size
(newly added Appendix Fig. S2C-D). This suggests that either CD4" T cells alone or CD4" T cells
in concert with CD8" T cells are mediating suppression of mouse colon adenoma formation. These
results are now also described on page 5

Referee #2

Summary

The authors examine the importance of T cells in the development of colon adenomas in a mouse
model and identify tumor-infiltrating neutrophils as a mediator of T cell proliferation in vitro and
activation in vivo. They also explore the underlying mechanism by implicating MMP9 and TGFbeta
signaling as critical for neutrophil-induced reduction of T cell proliferation in vitro. They correlate
"high" neutrophil and TGFbeta human gene signatures with "low" T cell signatures, further
suggesting the inhibitory role of neutrophils on T cells.

Strengths

The role of immune cells in tumor initiation and development is clinically relevant with the rise in
immunotherapies. The authors provide nice evidence for the role of T cells in the early development
of colon adenomas. It is important to understand why some colon cancers and not others are able to
evade the immune system and the outlook of their studies is timely and interesting.

Weaknesses

This was an ambitious study that was logically presented; however, there was not sufficient
evidence for many of conclusions that were drawn. There was also a lack of clarity in the design and
presentation of many of the experiments, with some perceived lack of focus. In many cases,
additional experiments are needed.

We want to thank this reviewer for the encouraging remarks and helpful comments and suggestions.

Specific Comments
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Abstract/Intro
* The authors fail to use necessary hyphens throughout the paper.

We apologize and have now added necessary hyphens

* The authors refer to immune checkpoint blockade inhibitors; however, this is incorrect and should
be either immune checkpoint blockade OR immune checkpoint inhibitors.

Thank you for pointing this out. We changed the corresponding wording to immune checkpoint
blockade/ICB

Results

Figure 1
* The authors should include the gating done for flow cytometry (true for all figures)

Representative gating panels for corresponding analysis and FACS sorting of mouse colon tumor
infiltrating hematopoietic cells have been added to Appendix Fig. S3.

* In 1C, the y-axis are inconsistently labeled "tumor" or "tumour"
We apologize and have changed the corresponding wording to “tumor”

« It is unclear if the authors are referring to adenoma polyps or malignant tumors in these
experiments. This should be clarified.

Tumors in Apcj V-CICreERT? e are benign colon adenomas. A corresponding explanation has been

added where Apc""*2*ERI2 mice are introduced on page 5 of the manuscript.

* The authors should address that depleting T cells with CD4 and CD8 antibodies do not deplete all
T cells, as there are double negative T cells that would not be targeted. It is unclear if this population
could be important.

To address this issue, we analyzed the content of CD4” CD8 TCRB" cells in Ap™"“#2eERT 1oyse

colon tumors using FACS. Tumors contained virtually no CD4 CD8 T cells, suggesting that double
negative T cells are unlikely to play a role in Apcﬂ RCde2CreERT2 1 yuse colon tumors. A representative
flow cytometric analysis is shown as Appendix Fig. S3C and a more quantitative dot plot figure is
shown here, below.

Tumor CD4 CD8
40—

304 o
L]
201 oo

10

% of CD45+ cells

* Unpaired t tests would be more appropriate.

We fully agree. This was a misspelling in the corresponding figure legend; we had indeed used
unpaired t tests here. The wording of figure legend has been changed accordingly.

* Representative images of the tumor burden in these mice would be helpful.
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As requested, representative images of dissected tumor-bearing ceca have been added in Appendix
Figure S2A-B.

« It is unclear if TCRb refers to TCRbeta.
TCRb has been changed to TCRp in Figure 1 panels and legend.
* [HC staining showing fewer T cells in these mouse tumors would strengthen these results.

Images of representative CD3 immunohistochemical staining along with CD3" cell quantification
has been added to Appendix Fig STA and S1B.

Figure 2
* The benefit of 2B and E is unclear as there is no normal colon tissue staining to compare it to.

We agree, CD3 and Grl immunohistochemistry of healthy mouse colon has been added to Figures
2B and 2E. Figure 2E of the original manuscript is now Fig. 2D.

* The authors show a decrease in T cells in general (those that are TCRb+) in adenomas, but it
would be of additional interest to look at specific T cell populations, such as T helper cells or
cytotoxic T cells. Do the ratios of inflammatory vs immunosuppressive T cells change?

We agree with the reviewer that a more precise description of T cell subsets in normal colon and
colon tumor is of interest. Corresponding panels are now displayed in Fig. 2H — 2K, EV1D-E. A
description has been added to the Results section on page 6.

Compared to normal colon, colon tumors contained lower numbers of CD4", CDS", IFNy+ and CD§"
GZMB' T cells (now displayed in Fig. 2H — I and EV1D-E) and tended to be lower for ILI7A+ T
cells. In contrast, the relative number of CD4 " Foxp3" regulatory T cells (Tregs) within the CD45"
cells did not change (now displayed in Fig. 2J), indicating that the fraction of Tregs among total T
cells is increased in tumors (now displayed in Fig. 2K). As discussed in the Results section of the
manuscript (page 6), these results suggest that there is a specific loss of inflammatory T cells in
tumors compared to healthy colon.

* The authors look at CD4+ Tregs, but they should examine the CD8+ Treg population as well.
To address this issue, we assessed the Foxp3 " subsets amongst CD4" and CD8" TCRB' cells in
Apc"FCEACERTZ 1 ouse colon tumors using flow cytometric analysis. As displayed in the figure
below, tumors contained abundant Foxp3™ CD4" T cells, but virtually no Foxp3™ CD8" T cells.

Tumor Foxp3+ T cells
30~

CD8- Foxp3+ CD8+ Foxp3+
23.1 0.37

104

% of TCRp+ cells

Comp-561 E 586_15-A :: Foxp3

Comp-561 A 780_60-A :: CD8

Figure 3
« It is not clear how the proliferation index was determined.
We agree with the reviewer that the T cell co-culture experiments may not have been described with

sufficient clarity. The proliferation index was calculated as numbers of proliferated T cells after
three days of indicated co-culture condition relative to the number of proliferated T cells when
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cultured alone. Numbers of proliferated T cells was determined as described in Methods section
page 17 and 18. A short explanation has been added to the corresponding figure legend on page 33
and 34.

« It is not clear if the T cells used in the in vitro experiments are primary T cells from mice or a cell
line. If they are primary T cells, the authors need to describe how they are isolated and whether they
are isolated from WT mice or the APC{l/fl mice? Did they isolate a specific sub-type of T cell or a
general T cell population (are they CD4+ or CD8+)? The authors should provide evidence of the
purity of the isolated population. This is also necessary for the isolation of neutrophils, monocytes,
and macrophages.

T cells used for these experiments were a mixture of CD4" and CD8" T cells derived from lymph
nodes of wild-type mice using anti-CD4/anti-CD8 MACS isolation. Exact cell isolation procedures
are explained in Methods section page 17. A short explanation has been added to the corresponding
figure legend on page 33 and 34. Representative purity test panels and corresponding quantifications
have been added to Appendix Figures S5A-F and are now mentioned in the Results section on page
7. To measure specifically proliferation of T cells within these samples, we restricted the analysis to
TCRB" cells.

« It is not clear why the authors included a CXCR2 inhibitor treatment.

The reasoning to use this combinatorial treatment was based on preliminary experiments showing
that combined treatment of mice with anti-Grl plus CXCR2-specific inhibitor SB265610 blocked
neutrophil tumor infiltration more efficiently than anti-Gr1 treatment alone (now displayed in
Appendix Fig. S6A.).

* The authors are not clear on what they believe are the primary suppressive effects neutrophils on T
cells in adenomas. Is it through reducing proliferation, which is suggested by the in vitro but not in
vivo data, recruitment to the tumor, inhibiting activation, or influencing differentiation into different
T cell subtypes?

As the reviewer addresses, neutrophils do suppress T cell proliferation in vitro. On the other hand,
neutrophil depletion in vivo led to increased numbers of T cells expressing I[FNy or IL17A (Fig. 3G)
and to decreased number of Tregs (Fig. 3F), suggesting that neutrophils may also affect T cell
differentiation cues. It has to be noted that IFNy expression and proliferation are also markers of T
cell activation and that T cell differentiation into Tregs likely causes suppression of the activation of
other T cell clones. We suggest here that the T cell suppressive effect of neutrophils depends on
TGFp, which is a known regulator of both proliferation and differentiation of T cells (Li & Flavell,
2008). It is therefore difficult to clearly discriminate between T cell proliferation, activation and
differentiation in our tumor model, since they likely are overlapping events. We thus believe that the
primary suppressive effect of neutrophils on T cells in mouse colon adenomas is inhibition of
activation in a broad sense. Discussion of these results has been altered accordingly on page 8

* The THC image of increased CD3+ cells with neutrophil depletion (is this 3E, it is not labeled)
does not match the FACS analysis in 3F that does not show a change in T cell number.

We agree with the reviewer that the difference of CD3" cells shown in this picture does not match
well the FACS data on T cell infiltration. Analysis of CD3" cells on sections from a series of
samples derived from neutrophil depleted or control mice confirmed that there is only a trend of
increased numbers of T cells between these two groups of mice (now displayed in Appendix Fig.
S6D). Accordingly, histology panels in Fig. 3E have now been changed to more representative
images.

» The authors should include evaluation of the total tumor number and total tumor burden to be
consistent with Figure 1.

Total tumor number and total tumor burden are now displayed in Appendix Fig. 6C. Mentioning of

the reduced total tumor burden resulting from neutrophil depletion has been added to the results
section on page 7 and 8
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« It is unlikely that neutrophils are the only cells influencing T cells in adenomas. The influence of
macrophages should not be ignored as the authors provide evidence of their increased numbers in
adenomas and ability to reduce T cell proliferation in vitro.

We agree and have therefore performed additional in vivo experiments.

Tumor infiltrating macrophages have been described to have either tumor preventive or tumor
promoting function (Mantovani et al, 2017). Based on molecular markers they are divided into M1
and M2 subsets and it is generally considered that M2 macrophages are a particularly immune
suppressive and tumor promoting macrophage subset (Mantovani et al, 2017). Blockade of colony-
stimulating factor 1 receptor (CSF1R) has previously been reported to deplete macrophages in
transplantable mouse CRC and fibrosarcoma tumors (Ries et al, 2014) or promote M2 to M1
macrophage polarization in a mouse glioblastoma model (Pyonteck et al, 2013). To test a possible
influence of macrophages in the context of T cell suppression and tumor progression in Apcfl/fl-
Cdx2CreERT2 mice, we treated tumor-bearing mice with the CSF1R inhibitor BLZ945 for three
consecutive weeks. This treatment led to reduced tumor infiltration of both M1 and M2
macrophages (now displayed in Appendix Fig. S6E). At the same time CSF1R inhibitor treated mice
had no significantly different number and average size of tumors and there was no effect on the
number of CD4", CD8" or IFNy" T cells (now displayed in Appendix Fig. S6F-G). Taken together
these results do not support a major role of macrophages in progression nor T cell mediated immune
surveillance of Apcfl/fl-Cdx2CreERT2 mouse colon tumors, now mentioned on page 8.

* The conclusion of figure 3 that "...neutrophils impair T cells present in colon tumors..." is too
strong, as the data presented do not show any direct reduction in T cell impairment with decreased
neutrophils.

We apologize for the overstatement. What our results demonstrate is increased numbers of IFNy" T
cells when neutrophils are depleted. We therefore changed our wording to: “tumor-infiltrating
neutrophils impair activation of T cells present in colon tumors” on page 8.

Figure 4

* The authors do not adequately prove that MMP9 in the culture media is from neutrophils.
Furthermore, they do not provide sufficient evidence of neutrophils as a source of MMP9 in vivo.
MMP9 can be released from other cells in the TME.

We apologize that this point may not have been described clearly enough. We are, however,
confident that the initially presented data demonstrated that MMP9 in vivo and in vitro is derived
from neutrophils. The following data support our claim that MMP?9 is produced by neutrophils:

1. Concerning MMP9 protein in in vitro experiments, we had measured multiple cytokines in T cell
culture supernatants when neutrophils or monocytes had been co-cultured (Fig. 4A). Only when
neutrophils were present, high levels of MMP9 could be detected in a cytokine array.

2. Concerning the source of MMP9 in vivo; we agree with the reviewer that the
immunohistochemical co-staining of MMP9 and the neutrophil marker SI00A9 in Fig. 4B may not
have been sufficiently clear for the reader. We therefore replaced the picture in panel 4B with an
immunofluorescent co-staining of MMP9 and S100A9, which demonstrates a nearly complete
overlap of these two markers.

3. Using immunohistochemistry, we now further measured MMP9 expression in tumors of mice
where neutrophils had been depleted and found a significant reduction in the number of MMP9+
cells (now displayed in Appendix Fig. S9B). These results are now also mentioned in the Results
section on page 9 and 10.

* Proliferation index needs to be defined.

The proliferation index was calculated as numbers of proliferated T cells after three days of
indicated co-culture condition relative to the number of proliferated T cells when cultured alone.
Numbers of proliferated T cells was determined as described in Methods section page 17 and 18. A

short explanation has been added to the corresponding figure legend on page 34 and 35.

« It is not clear how "active" TGFbeta was measured.

© European Molecular Biology Organization
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Active TGFp in cell culture supernatants was determined using an ELISA assay specific for active
TGFp1 described in Methods section page 20. A short explanation has been added to the
corresponding figure legend on page 34 and 35.

* The conclusion of this section and the model in 41 is not adequately supported as it is not obvious
that the main source of MMP9 is from neutrophils. Additionally the MMP inhibitor used is a pan-
inhibitor, so no conclusion can be drawn regarding MMP9 specifically. TGFbeta receptor inhibitors
are not very specific and could be inhibiting other pathways. Additional experiments are needed to
strengthen the conclusions made in this figure.

As discussed above, we are confident that our results sufficiently prove neutrophils to be the main
source of MMP?9 in our experimental systems.

We agree with the reviewer that one caveat of our experiments was the use of a pan-MMP inhibitor
in our in vitro experiments.

We now performed additional in vivo experiments using a novel MMP2/9 inhibitor SB-3CT. We
were unable to identify a more specific MMP9 inhibitor. Prolonged treatment of tumor bearing mice
with SB-3CT led to reduced TGF signaling activity and reduced tumor formation (now displayed
in Fig. 5B-E). These results are now also mentioned in the Results section on page 10 and 11. As
mentioned above, it has to be noted that SB-3CT is a specific inhibitor for both MMP9 and MMP2.
MMP2 mRNA, however, is expressed by tumor neutrophils at a very low level compared to MMP9
mRNA (panels displaying MMP2 and MMP9 mRNA levels in tumor neutrophils, tumor monocytes,
tumor epithelial cells and tumor stromal cells is are shown in the figure here, below). The fact that
MMP?Y is expressed at the protein level by neutrophils (please see cytokine array and
immunostaining in Figure 4A and B) support that the major source of neutrophil-derived MMP
activity is MMP9. However, as the inhibitor SB-3CT is bi-specific for both MMP2 and MMP9, we
agree with the reviewer that we cannot formally exclude the contribution of additional MMPs such
as MMP2. We therefore now mention in our manuscript the MMP2/MMP9 specificity of the
inhibitor used in our in vivo experiment (Fig.5) and toned down our conclusion on page 11 to :
“Taken together, these data suggest that neutrophil produced MMPs including MMP9 contribute to
the tumor-promoting TME by activating TGFb, which inhibits tumor infiltrating effector T cell
activity and is favorable for Tregs (Li & Flavell, 2008) (Fig. 5F). Our data further suggest that these
events are initiated very early during tumor formation.”
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Figure 5

* Quantification of IHC staining is necessary for any conclusions to be drawn. This may or may not
be a representative image of all tumors.

We agree. Tumor tissue and adjacent benign mucosa are infiltrated by both CD8" T cells and
S100A9" neutrophils as described before (now displayed in Fig. 6A-B and Appendix Fig. S10). We
did quantify ST00A9 positive neutrophils and CD8" T cells on sections of human CRC specimens
using Qupath, now shown as figure 6C. Compared to benign mucosa, matched tumor tissue has a
significantly higher neutrophil infiltration and a significantly lower CD8" T cell infiltration at the
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juxtaposed tumor border (now displayed in Fig. 6C). In tumor centers neutrophil numbers are not
generally increased compared to matched benign mucosa, but show similarly decreased CD8" T cell
infiltration as tumor borders (Fig. 6C).

« It is not clear what is considered "high" vs "low" for the signatures.

Individual samples were scored as “high” or “low” on the respective Neutrophil- or TGF-scores
depending on whether they were above or below the respective score median value across the whole
dataset. This method is explained at length on page 19 and 20 of the manuscript and a short
explanation has been added to the corresponding figure legend on page 36 and 37.

* Again, the methods for the isolation of primary cells needs to be more clear and validation of
successful isolation needs to be included.

T cells used for these experiments were isolated using anti-CD3 magnetic bead isolation and
therefore are likely a mixture of CD4" and CD8" T cells. T cells and autologous neutrophils were
isolated from different fractions of the same blood sample. Results shown in Fig. 6F (previously Fig.
SE) are experiments using CRC patient blood-derived neutrophils and T cells. Due to relatively low
number of available CRC patient-derived samples, experiments shown in Fig. 6G have been
conducted using both CRC patient-derived and healthy volunteer blood samples. Explanations of
exact cell isolation procedures are explained in the Methods section on page 17 and have been
adapted to improve clarity. A short explanation has also been added to the corresponding figure
legend on page 36 and 37. Representative purity test panels and corresponding quantification has
been added to Appendix Fig. S12B and are now mentioned in the Results section on page 7.

Referee #3

Summary:

In this study, Germann and colleagues have investigated the mechanisms underlying T cell
suppression in colorectal cancer (CRC). Using Apcfl/fl-Cdx2CreERT2 mice that develop adenomas
in the colon upon tamoxifen induction, the authors show that co-depletion of CD4+ and CD8+ T
cells increases tumor burden. They demonstrate that myeloid cells make up a large proportion of the
immune infiltrate of established tumors, and that of these cells, neutrophils possess most potent T
cell-suppressive capacities. Mechanistically, the authors demonstrate that neutrophils produce
MMP9, which proteolytically activates TGF. Interference with this signaling reverses neutrophil-
mediated T cell suppression in vitro. Lastly, the authors show a correlation between high gene
expression profiles of neutrophils, TGFp signaling, and low T cell scores in human CRC.

Given the low number of CRC patients responding to immune checkpoint blockers, finding
mechanisms that counteract anti-tumor immunity are of substantial importance for the treatment of
these patients. This work adds interesting insight into potential mechanisms. However, several
aspects need to be addressed:

We thank this reviewer for the positive and encouraging comments.

General comments:

- As the authors discuss in their manuscript, the importance of TGFp in the anti-CRC T cell
response has been demonstrated (Tauriello et al., 2018; Mariathasan et al., 2018), the proteolytic
activation of TGFp by MMP9 has been described (Yu & Stamenkovic, 2000), and T cell inhibition
by neutrophils is well-established (Gabrilovich et al., 2012). Although this manuscript proposes a
mechanistic link between these aspects, this is only shown in in vitro experiments. Without an in
vivo functional validation of the mechanistic link between neutrophils, MMP9, TGFb and T cells,
the novelty of this manuscript is limited. For instance, the authors should check MMP9 and active
TGFp protein levels in the tumors of neutrophil-depleted mice.

We agree and thank the reviewer for these helpful suggestions. We performed additional in vivo
experiments as suggested. Measuring MMP9 levels using immunohistochemistry revealed a
significantly reduced number of MMP9+ cells in tumors of neutrophil-depleted mice, along with a
reduced number in S100A9+ cells (now displayed in Appendix Fig. SOA-B). This data demonstrates
that neutrophil depletion does lead to an overall lower MMP9 level in tumors.
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As to the best of our knowledge there is no antibody for staining specifically the active forms of
TGFDb, we decided to use the well-established method of measuring TGFb activity in mouse tissue
by immunostaining for the TGFb signaling component pPSMAD3 and the TGFb-target gene IGFBP7
(Calon et al, 2015; Jackstadt et al, 2019; Tauriello et al, 2018). Please see also our comments to
referee 1 point 1. A strong induction of pPSMAD3 and IGFBP7 expression could be observed in
adenomas compared to benign mucosa (now displayed in Fig. EV3A-D and Fig. 5SA). pPSMAD3
staining within tumors was found in both epithelial and stromal cells (now displayed in Fig. EV3B),
while IGFBP7 expression seemed to be restricted to stromal cells (now displayed in Fig. EV3D and
Fig. 5A). Induction of pPSMAD3 and IGFBP7 expression was already present in early lesions three
weeks after tumor induction (now displayed in Fig. EV3C-D) and was accompanied by neutrophil
infiltration (now displayed in Fig. EV3C). Depletion of neutrophils in mice reduced protein levels of
both pSMAD3 and IGFBP7 within colon tumors (now displayed in Appendix Fig. S9C), suggesting
that tumor infiltrating neutrophils activate TGFb signaling in colon adenomas throughout their
development.

In addition, the authors are adviced to assess whether TGF or MMP inhibition increases T cell
proliferation and tumor control in vivo.

We thank the reviewer for the suggested experiment. First, we treated Apc™ P2 ERT2 tymor

bearing mice with the MMP2/9-inhibitor SB-3CT (MMP2/91) for four days to investigate whether
this treatment would indeed result in a reduction of TGFb signaling in adenomas. This indeed
resulted in a significant decrease in the number and staining intensity of pPSMAD3+ cells within
tumors (newly added Fig. 5A-C) indicating that the inhibitor lead to reduced TGFb activation. Next,
we treated Apc” ™ P2 ERT2 ymor bearing mice for two weeks (five days on two days off) with
either the MMP2/9-inhibitor SB-3CT or TGFBRi (SB431542) and analyzed tumor size one week
post inhibitor treatment. Both, TGFBRi or MMP2/91 treatment led to reduced average tumor size in
ApcVHC2CERT2 o1 bearing mice. This suggests that targeting Tgfb signaling either via
inhibition of its receptor or indirectly via MMP inhibition counteracts early adenoma development.
This new data is now shown as Fig. 5D-E and are mentioned on page 10 and 11.

- In Fig. 3, the authors demonstrate that neutrophil depletion leads to an increase in frequencies of
IFNg+ T cells. To formally show that the reduction in tumor size (Fig. 3D) is a result of alleviation
of neutrophil-mediated T cell suppression, mice should be treated with CXCR2i + anti-Grl in
combination with (CD4/CD8) T cell depletion. Otherwise, it cannot be ruled out that other
neutrophil-mediated mechanisms control tumor size.

Please see also referee 1 point 2

We agree with the suggestion to investigate whether the colon adenoma growth promoting effect of
neutrophils is indeed T cell dependent and performed the experiment as suggested. Simultaneous
depletion of neutrophils and CD4/CDS8 T cells indeed rescued the observed effect of a lower
neutrophil content on in vivo adenoma tumor burden. We show this data now as Fig. EV2A-C and
mention it in the result section on page 8.

- To support some of the claims in this manuscript, it would be essential to quantify the
immunohistochemical analyses shown in Fig. 2, 3, and Supplemental Fig. 1. This is of particular
interest because as for example Fig. 3 does not show an increase in T cell frequencies after
neutrophil depletion, but the IHC in Fig. 3E demonstrates a dramatic increase in CD3+ cells. This,
combined with Fig. 3G, would be important data to demonstrate an immunosuppressive function of
neutrophils in vivo.

We agree with the reviewer that the difference of CD3" cells shown in these pictures does not match
well the FACS data on T cell infiltration. Quantification of CD3" cells on sections from a series of
samples derived from neutrophil depleted or control mice confirmed that there is only a trend of
increased numbers of T cells between these two groups of mice (now displayed in Appendix Fig.
S6D). Accordingly, histology panels in Fig. 3F were changed to more representative images.
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As suggested by the reviewer, we have further quantified immunohistochemical staining of CD3,
CD45 and Gr1 for which examples were shown in Fig. 2 and Supplemental Fig. 1 in the originally
submitted manuscript. Using this method we could demonstrate:

* A significant reduction of CD3+ cells in colon tumors compared to normal colon mucosa
(now displayed in Appendix Fig. S4A), thereby confirming our previous measurement of
TCRp+ cells by FACS analysis (Fig. 2A).

*  Only a minor difference in CD45+ cells between tumor and colon mucosa (now displayed
in Appendix Fig. S4B-C), which was comparable to our previous measurement of CD45+
cells by FACS analysis (now displayed in Appendix Fig. S4D). This confirms that the low
numbers of T cells in tumors is not caused by a general lack of CD45+ hematopoietic cell
infiltration.

e A significant increase in Grl+ cells in tumors compared to colon mucosa (now displayed in
Appendix Fig. S4E), thereby confirming our previous measurement of Grl+ cells by FACS
analysis (Fig. 2E-F).

- TGFp blockade reverses neutrophil-mediated immunosuppression in vitro (Fig. 4E). However, it is
not clear what the source of TGF is in this setting. In vivo, it seems like monocytes and stromal
cells produce TGFp. But these are not present in the in vitro setting.

We agree that we did not sufficiently address the source TGFb in our in vitro experiment.

Bovine serum used in culture medium for in vitro experiments contains high amounts of latent
TGEFP, which can be converted to active TGFp in vitro. To verify the content of latent TGFf in our
serum-containing T cell culture, we measured concentrations of active and total TGFf1 in cell
culture media using LegendMax Total TGFB1 ELISA kit (Biolegend). T cell culture medium in the
absence of neutrophils contained only very low levels of active TGFB1, but large amounts of total
TGFB1 (now displayed in Appendix Fig. S8D). This indicates that indeed large amounts of latent
TGEFB is present in the serum used in our T cell culture experiments, which is then activated through
neutrophil secreted MMP as shown in our Figure 4F-H.

- In addition, Fig. 4A shows high TGFp3, it would be of interest to show the source of TGFp3,
similar to Fig. 4D.

In tumors, TGFB3 mRNA was mainly expressed by stromal and epithelial cells, while expression in
neutrophils and monocytes was low. A corresponding graph has been added to Figure 4D and
corresponding information has been added to the manuscript (page 10).

Of note, the expression pattern of Tgfb3 mRNA was very similar to Tgfb2 mRNA, for which the
graph in Figure 4D has been changed compared to the initial manuscript version. The reason for this
was that the initial version of this graph falsely showed Tgfb2 mRNA levels of cells isolated from
healthy tissue instead of tumor derived cells. Compared to the initial graph, the updated version
shows that Tgfb2 is expressed not only by stromal cells, but also by epithelial cells in tumors. Since
expression Tgfb2 mRNA in tumor neutrophils and monocytes is low, the graph in its current form is
still consistent with the message given by the initial graph.

- The authors claim that MMP inhibition in the T cell/neutrophil co-culture reduces active TGFf
levels. However, the data shown in Fig. 4F do not show a statistically significant difference. Since a
trend of decrease is clearly visible, this experiment would require repetition with more samples to
justify this claim.

We agree and have repeated these experiments in order to increase the number of experimental
replicates. In accordance with our hypothesis, the reduction of active TGFp1 protein levels in T
cell/neutrophil co-culture in presence of MMP inhibitor reached statistical significance. The
combined data are now shown in Figure 4F.

Minor comments:
- It may be more insightful to separate Fig. 21 into two graphs of neutrophils and monocytes.
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We agree with the reviewer that separating this data into two graphs might be more suitable for the
reader. Consequently, this data is now displayed as two panels in Fig. 2G.

- Fig. 4H, these data should be shown in a not-normalized way, to make it more transparent what the
extent of the reversal of suppression by TGF and MMP inhibition is in this culture, compared the
proliferation index of the 'T cells alone' group. Alternatively, the figure should include T cells alone
in the same normalized fashion.

We have indeed struggled to display this data in an adequate manner in the original submitted
manuscript. We agree with the referee’s suggestion and have now repeated these experiments
including more samples, which reduced standard deviation for each condition. Therefore, this data is
now shown in a non-normalized fashion in Fig 4H.

- Supplemental Fig. 4C would be clarified by adding legends in the figure showing which data
comes from circulating and which from tumor-infiltrating immune cells.

We apologize for the lack of a legend in the original submitted figure and have now added such
legends to what is now displayed as Appendix Fig. S7C

- The authors should more clearly state in the methods section where the T cells in their in vitro
experiments come from, and if these are a mix of CD4+ and CD8+ T cells, or only one of the two
populations. And in line with this, it should be more clearly stated what the source of the human T
cells and neutrophils is (Fig. SE, F).

Mouse T cells used for in vitro experiments was a mixture of CD4" and CD8" T cells derived from
lymph nodes of wild-type mice using anti-CD4/anti-CD8 MACS isolation. Exact cell isolation
procedures are explained in Methods section page 17. A short explanation has been added to the
corresponding figure legend on page 33 and 34. Representative purity test panels and corresponding
quantification has been added to Appendix Figures SSA-F and are now mentioned in the Results
section on page 7. To measure specifically proliferation of T cells within these samples, we
restricted the analysis to TCRp + cells.

Human T cells used for in vitro experiments were isolated using anti-CD3 magnetic bead isolation
and therefore are likely a mixture of CD4" and CD8" T cells. T cells and autologous neutrophils
were isolated from the same blood sample. Results shown in Fig. 6F (previously Fig. SE) are
experiments with CRC patient derived blood cells. Due to the low number of available CRC patient
derived samples, experiments shown in Fig. 6G have been conducted using both CRC patient
derived and healthy volunteer blood samples. Explanations of exact cell isolation procedures in
Methods section page 17 have been adapted to improve clarity. A short explanation has been added
to the corresponding figure legend on page 36 - 37. Representative purity test panels and
corresponding quantification has been added to Appendix Fig. S12B.

- In the results section, page 5, the authors refer to Figure 1A as "(1A)" instead of "(Fig. 1A)".

We would like to thank the reviewer for this comment and have changed the formulation on page 5
accordingly.

- Fig. 3E is missing an "E".
We thank the reviewer for this comment and have added the labeling in Figure 3E accordingly.
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a strategy for cancer therapy. Cancer cell 25: 846-859

Tauriello DVF, Palomo-Ponce S, Stork D, Berenguer-Llergo A, Badia-Ramentol J, Iglesias M,
Sevillano M, Ibiza S, Canellas A, Hernando-Momblona X, Byrom D, Matarin JA, Calon A, Rivas
EIL Nebreda AR, Riera A, Attolini CS, Batlle E (2018) TGFbeta drives immune evasion in
genetically reconstituted colon cancer metastasis. Nature 554: 538-543

2nd Editorial Decision 24 October 2019

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. The
manuscript was sent back to the three reviewers, and as you will see from the reports below, they are
now supportive of publication pending minor revisions. Therefore, we would like you to address the
referees' comments as well as the following editorial amendments before acceptance of your
manuscript for publication in EMBO Molecular Medicine:

1) Referees' comments:

Please address both referees #1 and #3's comments in writing. At this stage, we'd like you to discuss
the referees' points, and if you do have data at hand, we'd be happy for you to include it, but we will
not require any additional experiments. However, regarding referee #3's comment on the different
treatment schedules, if you do not provide new data, please make sure your carefully explain and
discuss the limitations in your manuscript.

I look forward to reading a new revised version of your manuscript as soon as possible.

*okak Reviewer's comments **#%#

Referee #1 (Remarks for Author):

In their revised manuscript, Germann et al. have carefully addressed the concerns raised on the
original/initial version. New and critical experiments have been performed and interpreted correctly,

technical issues have been clarified, and the conclusions drawn were adapted and are now justified
by the data provided.
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The role of activated TGF-beta signaling and MMP activity during early adenoma development has
now been analyzed in vivo by showing elevated TGF-beta signaling activity in adenomatous mouse
tissue (Fig.EV3A-C) and treatment of the mice with chemical inhibitors (Fig.5A-E). This brings
important evidence for the biological relevance of the data derived from the in vitro co-culture
experiments. Furthermore, the importance of neutrophil cells for mouse colonic adenoma growth
has been strengthened by additional data, such as the blockade of macrophage activity by
application of a CSF1-R inhibitor which could not mimik the effect of neutrophil blockade. The data
suggest that in the here used mouse model, colon adenoma infiltrating macrophages are presumably
not pro-tumorigenic in a non-inflammatory environment and do not influence the T cell status as
shown in Appendix Fig. S6E-G. Since most published colon adenoma mouse models were induced
via a combined DSS treatment, which might provide macrophages with different traits/activities,
these data are especially interesting for a broad readership in the field.

The rescue experiment shown in Figure EV2A-C, showing that blockade of CD4/CDS cells reversed
the effect of a lower neutrophil content on adenoma burden, nicely demonstrates the functional
interplay between these two immune cell types in the control of early adenomatous tumor
development.

Minor point:

It is interesting that CD8+ T cells alone do not seem to mediate the effect on adenoma development.
At least their specific blockade did not affect adenoma development (Appendix Fig. S2C,D).
CD4+/FoxP3-neg T cells might be equally important or even sufficient for the anti-tumorigenic
effect according to the new data provided. Although the authors did unfortunately not show
depletion of CD4+ cells alone (I did actually ask only for depletion of CD8+ cells alone), the new
data highlight the importance of CD4+ cells, alone or in concert with CD8+ cells, for the control of
early adenoma development. However, in Figure 6 the authors correlate higher neutrophil levels in
patient tumor tissues compared to adjacent normal tissue only with a lower level of infiltrating
CD8+ T cells. It would be very interesting to analyze also the status of CD4+ T cells in this
context,since co-blockade of CD4+ cells with CD8+ cells was essentiell to augment adenoma
growth in the mouse colon adenoma model.

Overall, the additional data provided by the authors have significantly improved the quality of the
manuscript. In my opinion the revised manuscript version should be considered for publication in
EMBO Molecular Medicine.

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

the authors have adequately addressed the comments of the reviewers and the manuscript is now
suitable for publication

Referee #2 (Remarks for Author):

The authors have adequately addressed the comments of the reviewers and made the needed
revisions to the manuscript.

Referee #3 (Comments on Novelty/Model System for Author):

This is fundamental research, therefore the immediate medical impact is yet moderate. But only by
fundamental research like performed in this ms, we will in the future make medical impact.

Referee #3 (Remarks for Author):
Germann et al. manuscript EMM-2019-10681:
"Neutrophils suppress tumor infiltrating T cells in colon cancer via matrix metalloproteinase

mediated activation of TGFf"

In the revised manuscript, the authors have added new experimentation to address most of the
Reviewer's comments and to strengthen the conclusions.
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I have concerns about the treatment schedule of the newly added experiments. For instance, in
newly added Figure EV2 the authors have combined neutrophil depletion with T cell depletion.
These experimental groups are supposed to link with the experiment shown in Figure 3. However,
based on the information in the legend of figure EV2, the treatment schedule is very different from
that shown in Fig. 3B. In Fig. EV2, the treatment starts 1 day after tamoxifen induction (thus, during
the early adenoma phase). Whereas the important message of Figure 3 is that mice with established
tumors are being treated. In the text page 8, the authors raise the suggestion that both experiments
are performed under the same conditions, which is incorrect. The experiment shown in Fig EV2
should be performed under the same conditions as the experiment in Fig. 3, so the combined
depletion and controls (also the T cell depletion only group) should start 8 weeks after tamoxifen
induction.

Same concern is true for the experiment in Figure 5D, E. Why did the authors not follow the same
treatment schedule as in Figure 3, so treatment of established tumors? In the early adenomas, T cell
suppression is less of an issue, as shown in Figure 1, where T cells do limit adenoma formation.
These different treatment regimens reduce the transparency of the paper (e.g. due to different
treatment schedule, the reader cannot compare the tumor volume of fig. SE with that of Fig 1C)

2nd Revision - authors' response 4 November 2019

Referee #1 (Remarks for Author):

In their revised manuscript, Germann et al. have carefully addressed the concerns raised on the
original/initial version. New and critical experiments have been performed and interpreted correctly,
technical issues have been clarified, and the conclusions drawn were adapted and are now justified
by the data provided.

The role of activated TGF-beta signaling and MMP activity during early adenoma development has
now been analyzed in vivo by showing elevated TGF-beta signaling activity in adenomatous mouse
tissue (Fig.EV3A-C) and treatment of the mice with chemical inhibitors (Fig.5A-E). This brings
important evidence for the biological relevance of the data derived from the in vitro co-culture
experiments. Furthermore, the importance of neutrophil cells for mouse colonic adenoma growth
has been strengthened by additional data, such as the blockade of macrophage activity by
application of a CSF1-R inhibitor which could not mimik the effect of neutrophil blockade. The data
suggest that in the here used mouse model, colon adenoma infiltrating macrophages are presumably
not pro-tumorigenic in a non-inflammatory environment and do not influence the T cell status as
shown in Appendix Fig. S6E-G. Since most published colon adenoma mouse models were induced
via a combined DSS treatment, which might provide macrophages with different traits/activities,
these data are especially interesting for a broad readership in the field.

The rescue experiment shown in Figure EV2A-C, showing that blockade of CD4/CDS cells reversed
the effect of a lower neutrophil content on adenoma burden, nicely demonstrates the functional
interplay between these two immune cell types in the control of early adenomatous tumor
development.

Minor point:

It is interesting that CD8+ T cells alone do not seem to mediate the effect on adenoma development.
At least their specific blockade did not affect adenoma development (Appendix Fig. S2C,D).
CD4+/FoxP3-neg T cells might be equally important or even sufficient for the anti-tumorigenic
effect according to the new data provided. Although the authors did unfortunately not show
depletion of CD4+ cells alone (I did actually ask only for depletion of CD8+ cells alone), the new
data highlight the importance of CD4+ cells, alone or in concert with CD8+ cells, for the control of
early adenoma development. However, in Figure 6 the authors correlate higher neutrophil levels in
patient tumor tissues compared to adjacent normal tissue only with a lower level of infiltrating
CD8+ T cells. It would be very interesting to analyze also the status of CD4+ T cells in this
context,since co-blockade of CD4+ cells with CD8+ cells was essentiell to augment adenoma
growth in the mouse colon adenoma model.

Overall, the additional data provided by the authors have significantly improved the quality of the
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manuscript. In my opinion the revised manuscript version should be considered for publication in
EMBO Molecular Medicine.

We thank this referee for their very positive comments and suggestions. The CD8-depletion
experiment was done in the context of the revision to this manuscript. Like the referee, we also
expected that depletion of CD8 T cells alone would result in increased tumor burden. Thus, we were
as surprised as the referee about this finding. We agree that in this context the depletion of
CD4+/FoxP3 neg T cells would have been interesting. However, the results of an antibody-mediated
CD4-depletion experiment would have been difficult to interpret because in such an experiment one
cannot distinguish between the effects mediated by depletion of helper (CD4" FoxP3) and
regulatory (CD4" FoxP3") T cells as both of them would be depleted. Thus, selective depletion of T
helper cells is not trivial. Theoretically we could have tried to selectively deplete Tregs using
DEREG mice, which express a diphtheria toxin receptor under control of the FoxP3 locus. Although
interesting, this experiment was just not feasible within a reasonable time frame for the revision to
this manuscript. We therefore have not performed any anti CD4-mediated T cell depletion
experiments.

Because of the known importance of CD8 T cells within human colorectal cancer specimens (Pages
et al, 2009) we did not perform any staining’s for CD4 T cell infiltration on human colon cancer
specimens and therefore have no data at hand that could be easily incorporated in the current version
of the manuscript.

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

the authors have adequately addressed the comments of the reviewers and the manuscript is now
suitable for publication

Referee #2 (Remarks for Author):

The authors have adequately addressed the comments of the reviewers and made the needed
revisions to the manuscript.

Referee #3 (Comments on Novelty/Model System for Author):

This is fundamental research, therefore the immediate medical impact is yet moderate. But only by
fundamental research like performed in this ms, we will in the future make medical impact.

Referee #3 (Remarks for Author):

Germann et al. manuscript EMM-2019-10681:
"Neutrophils suppress tumor infiltrating T cells in colon cancer via matrix metalloproteinase
mediated activation of TGFf"

In the revised manuscript, the authors have added new experimentation to address most of the
Reviewer's comments and to strengthen the conclusions.

I have concerns about the treatment schedule of the newly added experiments. For instance, in
newly added Figure EV2 the authors have combined neutrophil depletion with T cell depletion.
These experimental groups are supposed to link with the experiment shown in Figure 3. However,
based on the information in the legend of figure EV2, the treatment schedule is very different from
that shown in Fig. 3B. In Fig. EV2, the treatment starts 1 day after tamoxifen induction (thus, during
the early adenoma phase). Whereas the important message of Figure 3 is that mice with established
tumors are being treated. In the text page 8, the authors raise the suggestion that both experiments
are performed under the same conditions, which is incorrect. The experiment shown in Fig EV2
should be performed under the same conditions as the experiment in Fig. 3, so the combined
depletion and controls (also the T cell depletion only group) should start 8 weeks after tamoxifen
induction.
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Although mentioned in the figure legend, we apologize that the different treatment schedules
between Fig. 3b and Fig EV2 were not explained sufficiently and thus raised the referee’s concern.
In fact, we conducted experiments in which we strove to deplete CD4+ and CD8+ T cells together
with neutrophil reduction in Apcfl/fl-Cdx2CreERT2 mice according to the treatment schedule
shown in Fig. 3B. However, remaining T cells within established colon adenomas were not
efficiently depleted (despite efficient T cell depletion in the periphery) while neutrophils were under
this regimen.

We therefore chose to co-deplete T cells and neutrophils using a treatment schedule analogous to the
T cell depletion scheme described in Figure 1, with which we were able to deplete T cells
efficiently.

Neutrophil-only depletion in this manor led to reduced tumor burden (Figure EV2C) compared to
control (this is consistent with results achieved under the treatment scheme shown in Figure 3B),
while co-depletion of both cell types resulted in increased tumor burden, as expected. The results in
EV2C are therefore coherent on their own and moreover, similar to neutrophil depletion in mice
with established colon adenomas (as in Figure 3B).

We therefore believe that our statement on page 8 that “When tumor-infiltrating T cells were co-
depleted, neutrophil depletion no longer reduced tumor growth” is justified. We once again
apologize that the difference between the two treatment schedules employed in Figures 3 and EV2
was not clearly emphasized. Accordingly, we now mention the two different treatment schemes on
page 8 as follows:

“In analogy to mice with established colon tumors, treatment of Apc™/"“*?C*ERTZ pjce with
combined anti-Gr1 antibody and CXCR2-inhibitor during and after tumor initiation led to reduced
tumor neutrophil infiltration and reduced tumor burden (Fig. EV2). When in this experimental
setting tumor-infiltrating T cells were co-depleted, neutrophil depletion no longer reduced tumor
growth (Fig. EV2).”

Same concern is true for the experiment in Figure 5D, E. Why did the authors not follow the same
treatment schedule as in Figure 3, so treatment of established tumors? In the early adenomas, T cell
suppression is less of an issue, as shown in Figure 1, where T cells do limit adenoma formation.
These different treatment regimens reduce the transparency of the paper (e.g. due to different
treatment schedule, the reader cannot compare the tumor volume of fig. SE with that of Fig 1C)

The experiment shown in figure 5D,E was performed as a direct reply to referee 1 major point 4
who explicitly requested we treat our experimental animals with TGFbeta inhibitors and MMP9
inhibitors directly after adenoma initiation.

Please see major point of reviewer 1 major point 4 and our reply to it:

Major point 4:

The authors provide strong but exclusive ex vivo evidence via a co-culture system that neutrophil-
derived MMP?9 released by tumor-associated neutrophils activates latent TGF-beta and hence blocks
proliferation and cytotoxic activity of T-cells. Neutrophil-derived MMP9 in liver metastatic CRC
has been already described recently by Ogawa and colleagues (Clinical Cancer Research, 2019).
Importantly, Germann et al. provide important new and mechanistic data on exactly how this might
contribute to modulation of the T cell immune-response.

To provide sufficient evidence that this mechanism indeed plays a role during early pre-
malignant colon adenoma initiation/formation in vivo, the authors should treat their CDX2-
Cre/APC-floxed animals with TGFbeta inhibitors and MMP?9 inhibitors directly after
adenoma initiation. If their hypothesis is true, then the de novo initiated adenoma should get
engaged more efficiently by now infiltrating and activated CD8-CTLs, and this should result in a
reduced tumor growth/burden.

We thank the reviewer for the very positive comment and the suggested experiment. First, we
treated Apc” T2 ERT2 tymor bearing mice with the MMP2/9-inhibitor SB-3CT (MMP2/9i) for
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four days to investigate whether this treatment would indeed result in a reduction of TGFb signaling
in adenomas. This indeed resulted in a significant decrease in the number and staining intensity of
pSMAD?3+ cells within tumors (newly added Fig. SA-C) indicating that the inhibitor lead to reduced
TGFb activation. Next, we treated Apc” ™R ymor bearing mice for two weeks (five days on
two days off) with either the MMP2/9-inhibitor SB-3CT or TGFBRi (SB431542) and analyzed
tumor size oneweek post inhibitor treatment. Both, TGFBRi or MMP2/9i treatment led to reduced
average tumor size in Apcﬂ/ﬂ'cdX2creERT2 tumor bearing mice. This suggests that targeting Tgfb
signaling in vivo either via inhibition of its receptor or indirectly via MMP inhibition counteracts
early adenoma development. This new data is now shown as Fig. 5D-E and are mentioned on page
10 and 11.

Moreover, please note that according to our data TGFb-mediated immune suppression occurs at the
earliest stage of adenoma formation (Fig.EV3C-D, manuscript page 11) and therefore we believe it
is prudent to use the inhibitors at an early stage of adenoma development.

The aim of the experiment shown in Figure 5 was to provide proof of concept that inhibition of
TGFb signaling through either a TGFBR-inhibitor or a MMP2/9 inhibitor in vivo can be at least
partially achieved and that this indeed influences tumor development.

References
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

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

the following infor for each panel where they are relevant:

Each figure caption should

=> aspecification 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.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.org

http://www.consort-: org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting: porting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nlm.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.htm|
http://www.selectagents.gov/

Please fill out these boxe: (Do not worry if you cannot see all your text once you press return)

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

For all in vitro experiments at least three independent samples were used and at least two
independent experiments were performed per assay. For all in vivo animal studies, animal
numbers were calculated in accordance with the 3R guidelines (http://www.3rs-
reduction.co.uk/html/6__power_and_sample_size.html) using power analysis based on a Null
hypothesis

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

Animal cohort size were calculated based upon group size as a function of signal to noise ratio with
at least 0.03 significance, the alternative hypothesis being two-sided and the power calculation
being 80% power.

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

Animals that showed severe symptoms of sickness before experimental endpoint were excluded
from the analysis.

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.

(a) Study personell was not blinded to the group allocation and assessing the outcome of animal
studies. However, all mice and data collected were processed using the same procedures
independently of their treatment received. (b) All animals were age matched for the independent
experiments and equally distributed for sex between the different treatment groups.

about r evenifnor ion was used.

For animal studies, include a

All mice were randomly pooled according to sex from an established breeding colony.Tumor-
bearing mice were randomized before treatment.

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.

(a) All animals were randomly chosen from an established breeding colony - see also 4.b (b)
Research personell performing the mouse tumor analysis or immunostaining on mouse and
human colon tumor biopsies were blinded for sample staining and interpretation

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

Research personell was not blinded in the animal studies. Nevertheless, all mice and data collected
were processed using the same procedures independently of their treatment received.

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

YES

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

Statistical data meets the assumptions. Statistical significance was assessed using Students t-test,
One way ANOVA with Dunnett’s multiple comparison tests or Mann-Whitney test as indicated in
Figure legends. ROUT test with Q=1% was used to identify statistical outliers in in vivo
lexperiments.




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

N/A

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

N/A

C- Reagents

D- Animal

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).

[Antibody list is provided in Appendix table S3

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

No cell lines were used.

*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 status where

and husbandry conditions and the source of animals.

Please detail housing

(C57BL/6 mice were purchased from Charles River Laboratories. Apcfl/fl mice were a kind gift of
Tatiana Petrova, University of Lausanne, Switzerland. CDX2CreERT2 mice were obtained from The
Jackson Laboratory (https://www.jax.org). All animal work was conducted according to Swiss
national guidelines. All mice were kept in the animal facility under EPFL animal care regulations.
This study has been reviewed and approved by the cantonal veterinary office - VD3035

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

This study has been reviewed and approved by the cantonal veterinary office."Servie de la
lconsommation et des Affaires vétérinaires (SCAV). Authorization number: VD3035

10. We recommend consulting the ARRIVE guidelines (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
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
[compliance.

Animal experimentations were done in compliance with ARRIVE guidelines

E- Human Subjects

F- Data A

G- Dual u:

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

Collection of fresh human samples, as well as use of archival human samples was conducted under
approval of the Swiss Ethics commission.

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.

All patients undergoing surgery at Lausanne University Hospital were approached and offered
participation in the blood collection study. Informed consent was obtained from all subjects and
lexperiments 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.

(Whole blood was obtained from thirteen patients undergoing surgery for resection of primary or
metastatic tumors. Patient inclusion criteria were: Age > 18 years. TNM classification: stage II-IV.
Patient exclusion criteria were: Neo-adjuvant therapy, Immunosuppressive therapy. All subjects

had 9 ml of blood collected into EDTA tubes.

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

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

ccessibility

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:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

Mouse mRNA-sequencing data generated during this study have been deposited in GEO database
with the primary accession code GSE126874
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE126874).

Codes used in this study (for example R functions for gene expression analysis) are freely available
from the corresponding authors upon reasonable request.

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
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).

Mouse mRNA-sequencing data generated during this study have been deposited in GEO database
with the primary accession code GSE126874
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE126874).

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

N/A

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 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
deposited in a public repository or included in supplementary information.

N/A

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
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.

N/A




