Peer Review File

CD177 modulates the function and homeostasis of tumor-
infiltrating regulatory T cells

Open Access This file is licensed under a Creative Commons Attribution 4.0

International License, which permits use, sharing, adaptation, distribution and

reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if
changes were made. In the cases where the authors are anonymous, such as is the case for the reports of
anonymous peer reviewers, author attribution should be to '"Anonymous Referee' followed by a clear
attribution to the source work. The images or other third party material in this file are included in the
article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.




Reviewers' comments:
Reviewer #1 (Treg, TCR signalling, general T biology)(Remarks to the Author):

This paper can be divided into two parts. The first describes a unique transcriptional signature of
tumor infiltrating Tregs. The second part of the paper describes the function of CD177, a neutrophil
antigen, which the investigators identified as a component of the Treg signature expressed on the TI
Tregs. Unfortunately, both parts of the paper suffer from major methodology problems:

1. The authors use the TI signature found in the CF1 component of Treg gene expression to predict
survival. One on the major genes found in CF1 is CD177. However, in the Discussion of the paper on
line 216 the authors state the CD177 is not included in either CF1 or the TI-Treg signature due to lack
of specificity. This fact is never mentioned in the results which surely give the impression that the
expression of CD177 is a major predictor of a poor prognosis. In any case, the entire interpretation of
the significance of the CF1 component has to be revised. This is very misleading.

2. The second part of the paper describes a potential role for CD177 in Treg suppressor function.
Approximately 20% of TI-Treg are said to express CD177, an antigen which has never been described
to be expressed on T cells. Most of this data is derived by gating on CD225+CD127- Tregs, not on
Foxp3+ T cells (Fig.4). The problem with this approach is that the expression of CD25+CD127lo may
not be bona fide markers of Treg derived from tumors. The authors must show that the purity of their
populations and gate on expression of Foxp3 or perhaps Helios which are the onlyTreg markers that
should be used. In fact, in Sup Fig 4, where the authors actually gate on Foxp3 a very high percentage
of Foxp3+ T cells express CD177. However, this appears to be a single tumor sample.

3. The characterization of expression of CD177 needs to be significantly expanded b y studying both
resting Treg, activated Treg, resting T conventional and activated T conventional cells at the cell
surface and mRNA level. Could some of the low levels of staining be secondary to doublets between T
cells and neutrophils.

4. The Treg suppression assays have not been performed correctly. One NEVER adds IL-2 to a Treg
suppression assay as studies performed by the Sakaguchi/Shevach labs more than 2 decades ago
clearly demonstrated that the addition of IL-2 abrogates or masks the suppressor function of Tregs.
Again all the populations used in Fig. 5¢c must be stained for Foxp3 expression. The authors
characterize these populations in the figure legend as Foxp3+ , but never show this data and
expression of CD25 and Cd127 as pointed out above are not equivalent. Why don't the total Treg
population suppress? Are the Treg populations used non-responsive to either TCR or IL-2 stimulation
as is characteristic of Foxp3+ Treg in both mouse and man?

5. The reversal of suppression by the anti-CD177 is a very intriguing observation as it implies that
CD177 is actually involved in the in vitro function of Tregs. This claim requires much greater
experimentation. First, the Treg suppression assay needs to be performed in the absence of IL-2 using
standard conditions. Secondly, CD177 is a member of the Ly-6 family of antigens and antibodies to
this family of antigens in either mouse or man (e.g, CD59, JI 146, 4092, 1991) have potent T cell
activating properties under certain conditions in vitro. The authors must prove that the Treg is the
actual target for the effects of the mAb and not the responding T cell. What cells are actually dividing
in Fig. 5D

6. The studies using global and Treg conditional knock out mice are incomplete. The phenotype of
both of these mice must be completely characterized. It remains unclear to me if any mouse T cell
expresses CD177. Sup Fig 7B is described in the text at showing mouse splenocytes yet the figure and
the legend indicate human splenocytes. There are potentially numerous explanations why CD177
deficient Treg fail to suppress in the mouse tumor model. For example, one study has suggested that
PECAM-1 is actually the ligand for CD177 and it is therefore possible that the CD177 deficient Tregs
fail to enter the tumor microenvironment and thus fail to enhance tumor growth. A complete work up
of Treg function in these mice is required before any conclusions can be drawn from the data
presented. Commercial mAbs to mouse CD177 are available. It its not clear what mAb is used to



identify mouse CD177 in this study.

Reviewer #2 (Treg, TCR signaling)(Remarks to the Author):

Here, the authors analyze gene expression signatures of individual Treg isolated from human tumors
and peripheral blood. They identify sets of up-regulated and down-regulated genes in comparative
analysis of TIL and PBL Treg, consistent with previously published data sets of tumors of different
origin. The finding that CD177 identifies a particularly suppressive subset of Treg is interesting, as are
the results of knocking out CD177, either constitutively or inducibly. However, it is not clear from the
manuscript why the authors chose to focus on CD177 (other than stating later that it was upregulated
in a subset of Cluster 1). It is also not clear from the manuscript how the authors think CD177 may be
acting to modify Treg function (i.e. apparently increasing their suppressive activity).

Regarding the single cell RNAseq analysis, the authors do not report how many Treg cells are being
analyzed in each case, or in total (what is reported is number of immune cells and not the number of
Treg). This should be clarified.

In Fig. 2, the authors, based on pseudotime analysis, discuss the origination of two clusters of Treg.
However, they do not mention that some junctional zone and liver Treg have a similar expression
profile (Supplementary Fig. 2A). Thus, the authors should address the fact that these variables may
be a common of Treg in non-immune tissues in general, and may not be specific to tumors.

In Fig. 2 D-E and Supplementary Fig. D-E, the authors imply that cluster 1 and 2 have an exhaustion
signature. However, it is not clear which genes are being use to define these cells, nor what the
cytotoxicity, cell cycle and naive status signature scores are based on. Of note, “exhaustion” of Treg is
not well-defined, particularly at a functional level.

In Fig. 4A, the authors should clarify whether the tissue-infiltrating cells from liver show any
expression of CD177; also, the status of CD177 in tumor-associated tissue used in the previous figure
is not mentioned.

In 4C, the authors label CD127 on both the X and Y axes. I think the Y axis should probably be CD177.

In Supplementary Fig. 4D, where the authors show staining and gating controls for Treg analysis,
there seems to be a nonspecific shift of the whole CD3 population, compared to the FMO control.
Moreover, the sequence of flow analysis in Supp. Fig 4D is odd, where FoxP3 has been used to gate
before gating on CD4. It would be better to perform the gating the other way around, i.e. first gate on
CD4, then show FoxP3, etc.

Fig. 5 and the supporting supplementary figure state are meant to show that CD177 positive Treg do
show upregulation of other markers, like PD-1 and CTLA-4. Have the authors looked to see if other
molecules associated with potent Treg suppression, like some cytokines and granzyme B, are
upregulated in their staining?

In Fig. 6, the authors use mice with global or Treg-specific KO of CD177. However, they do repeat the
in vitro suppression assay with TIL Treg from either one of these mouse models. In addition, they do
not perform any lymphocyte characterization (including of Treg), before proceeding to the tumor
models. The authors need to address directly whether the global or inducible KO of CD177 leads to
any baseline changes in lymphoid organs. Also, the authors fail to disclose which FoxP3-Cre they are
using in their Treg CD177 KO mouse. In addition, in the tumor experiments there is no detailed TIL



characterization to say whether total or Treg-specific KO of CD177 leads to any change in various
lymphocyte compartment inside the tumors.

Finally, since the authors have access to a CD177 blocking antibody, they could test it in the tumor
models with WT mice, although I would consider this experiment a lower priority in the context of
other issues that should be addressed, as discussed above.



Reviewer #1 (Treg, TCR signalling, general T biology) (Remarks to the Author):

1. The authors use the Tl signature found in the CF1 component of Treg gene expression to predict
survival. One on the major genes found in CF1 is CD177. However, in the Discussion of the paper on line
216 the authors state the CD177 is not included in either CF1 or the TI-Treg signature due to lack of
specificity. This fact is never mentioned in the results which surely give the impression that the
expression of CD177 is a major predictor of a poor prognosis. In any case, the entire interpretation of
the significance of the CF1 component has to be revised. This is very misleading.

Response: Thanks for the comment. We understand the exclusion of CD177 is confusing, but based on
our recent publication (1), CD177 is expressed by epithelial cells in normal breast and other tissues (New
Supplementary Figures 4D-E showing IHC staining for CD177 in various tissues). Most importantly, the
cancer/epithelial cell-intrinsic CD177 is dominant if expressed and is associated with a better prognosis
in colon (2), gastric (3) and breast cancers (1), in contrast to its role in TI-Tregs where CD177 should
promote cancer immunity and be correlated with bad prognosis. This will complicate the analysis using
CD177 as a TI-Treg signature. We added the citation in the introduction as well. In addition, the
signature was generated using the computer-learning algorithm. Genes enriched in CF1 were further
selected by screening Treg-specific gene list (Supplementary Table 3, generated by comparing DEGs
between TI-Tregs and all other immune cells in the ccRCC single cell RNAseq datasets, highlighted). This
prevents the bias of the signature selection process.

2. The second part of the paper describes a potential role for CD177 in Treg suppressor function.
Approximately 20% of TI-Treg are said to express CD177, an antigen which has never been described to
be expressed on T cells. Most of this data is derived by gating on CD25+CD127- Tregs, not on Foxp3+ T
cells (Fig.4). The problem with this approach is that the expression of CD25+CD127lo may not be bona
fide markers of Treg derived from tumors. The authors must show that the purity of their populations
and gate on expression of Foxp3 or perhaps Helios which are the only Treg markers that should be used.
In fact, in Sup Fig 4, where the authors actually gate on Foxp3 a very high percentage of Foxp3+ T cells
express CD177. However, this appears to be a single tumor sample.

Response: The antigen CD177 expression on Tregs has been reported by Rudensky laboratory, but they
didn’t include any functional elaboration — only based on RNAseq of pooled CD177+ and CD177- Tregs
from breast cancer specimens (4, 5). In addition, we now include the co-staining of Foxp3, CD25 for
better defining the Treg populations from 5 human breast cancer specimens (we cannot get more fresh
tissues due to COVID-19 influence on our clinic). Representative data is updated in Figure 4D and
Supplementary Figure 4G with updated gating as suggested. Similarly as shown in the new
Supplementary Figure 4H (original Figure 4C), all specimens have a certain amount of CD177* Tregs
defined by CD4*CD25*FoxP3*, but Tconv or CD8 T cells have no or little CD177" cells.

3. The characterization of expression of CD177 needs to be significantly expanded by studying both
resting Treg, activated Treg, resting T conventional and activated T conventional cells at the cell surface
and mRNA level. Could some of the low levels of staining be secondary to doublets between T cells and
neutrophils.

Response: We re-analyzed CD177 expression on ccRCC single cell RNAseq data and only TI-Treg has
CD177 expression and no other population exhibit CD177 mRNA, including active/resting CD4
conventional and different CD8 populations (New Figure 4C). The single cell RNAseq data is very similar
as the protein data (New Figure 4D, supplementary Figure 4G). The expression of CD177 on tumor-
infiltrating T cells is nearly exclusive to TI-Tregs.



For Treg activation/resting states, we cannot continue to collect fresh cancer specimens for flow
cytometry due to COVID-19, but we re-analyzed some of old flow data and found that CD177* Tregs are
exclusively CD45RA" (Figure attached below, from a breast cancer patient), indicative of effector
phenotype, in agreement with known literature that cancer-associated Tregs are mostly effector/near-
maximal active Tregs (4, 6, 7), including breast cancers (8).
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It is very clear that resting or activation states of Tregs are not the determinant of CD177 expression
because human PBMC Tregs contain both resting and active Tregs and there is no CD177 expression on
PBMC Tregs at all. Among CD4* Tconv cells or CD8*T cells, activation or resting state is not relevant to
CD177 expression since there hardly any CD177 positivity on Tconv or CD8* T cells (averaged 0.31%
Tconv cells express CD177 in breast cancer and 0.72% in renal cancer (Figure 4E), similarly as mRNA level
above (Figure 4C).

Related to doublet: Please note all our gating is based on lymphocytes area when analyzing Tregs as
shown in Figure 4D and supplementary Figure 4H (Lym gating), using very stringent lymphocyte/single
cell gating using blood or spleen as guide, at the same time removing doublet by FSC-A versus FSC-H;
SSC-A versus SSC-H. In addition, we always used CD8 T or CD4 conv cells as comparison that did not
show up CD177 staining. Those cells should show similar CD177 positivity if doublet is the cause.
Neutrophils exhibit a high level of SSC and the chance of contamination is very low. Rudensky lab has
reported CD177 expression on Treg before with no functional elaboration (4).

4. The Treg suppression assays have not been performed correctly. One NEVER adds IL-2 to a Treg
suppression assay as studies performed by the Sakaguchi/Shevach labs more than 2 decades ago clearly
demonstrated that the addition of IL-2 abrogates or masks the suppressor function of Tregs. Again all the
populations used in Fig. 5¢c must be stained for Foxp3 expression. The authors characterize these
populations in the figure legend as Foxp3+, but never show this data and expression of CD25 and Cd127
as pointed out above are not equivalent. Why don't the total Treg population suppress? Are the Treg
populations used non-responsive to either TCR or IL-2 stimulation as is characteristic of Foxp3+ Treg in
both mouse and man?

Response: we have to apologize for the misleading experimental section. We are well aware the
standard suppression initially defined from Sakaguchi/Shevach labs and IL-2 should be excluded. Fig: 5:
We have to pre-activate CD4+CD25- naive T cells from PBMC O/N using anti-CD3, anti-CD28 (dynabeads)
and IL-2, since all PBMCs were frozen in liquid nitrogen. These cells were then counted, CFSE labeled,
and co-cultured with flow sorted Tregs at different ratios, only using anti-CD3, anti-CD28 dynabeads
without IL-2. We clarified in the method section.

We also tested the recombinant CD177-FC, purified from HEK293T cells, to repeat the suppression assay
and found that CD177 protein is sufficient to inhibit effector T cell proliferation (Supplementary Figure
5B-E), irrelevant of IL-2 presence. This is consistent with the antibody blocking experiments (Figure 5C-
D).



Foxp3 is an intracellular staining and cannot be used for functional assay. We used CD4+CD25+Foxp3+ to
define tumor-infiltrating Tregs that are now included as Figure 4D and supplementary Figure 4G. The
original Figure 4C was moved to Supple Figure 4H. Again, CD177 is only restricted to be expressed to TI-
Tregs defined by either FoxP3+ or by CD25+CD127low.

We did several experiments to show that the CD25+CD127low population exclusively expresses Foxp3+
in several specimens. We used the most popular clone for FoxP3 staining in human (Clone: 236A/E7),
but the shift is not as big as we have seen in mouse FoxP3 staining (Supplementary Figure 7B).

Below is an example showing TI-Tregs (CD4+CD25+CD127low) express FoxP3 but not CD4+CD25- Tconv
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For the suppressive capacity of total TI-Tregs, we totally agree that these cells should have suppressive
function. Please note we are using human cancer Tregs in a classic suppression setting. The number of
these TI-Tregs are very limited and the suppression assay requires certain numbers/concentrations. We
cannot purify unlimited TI-Tregs to do these experiments. Fig.5B is from 3 largest tumors we got and Fig
5C-D is from 5 largest tumors we got (>500mg a piece). The large size of tumors in the clinical setting are
extremely rare and it took us multiple years to accumulate enough specimens. We barely have enough
cells to do what we showed in these Figures. All single cells from these specimens had to be
frozen/thawed for combination and flow sorting. The suppressive capacity is nowhere close to freshly
isolated Tregs as in mice or in human PBMC. We showed 1:2 Teff/Treg ratio in Fig5B-D to show the best
suppression only from CD177+ Tregs, but total Tregs only have less than 20% CD177+ Tregs (Figure. 4E).
We don’t have enough total Tregs to do the experiment, but we believe if we increase to 5 times total
TI-Tregs, we should see a similar suppression.

5. The reversal of suppression by the anti-CD177 is a very intriguing observation as it implies that CD177
is actually involved in the in vitro function of Tregs. This claim requires much greater experimentation.
First, the Treg suppression assay needs to be performed in the absence of IL-2 using standard conditions.
Secondly, CD177 is a member of the Ly-6 family of antigens and antibodies to this family of antigens in
either mouse or man (e.g, CD59, JI 146, 4092, 1991) have potent T cell activating properties under
certain conditions in vitro. The authors must prove that the Treg is the actual target for the effects of the
mAb and not the responding T cell. What cells are actually dividing in Fig. 5D?

Response:
First: Yes, we did suppression assay without IL-2 as explained before and updated in the methods.

Second: We also treated the PBMC naive CD4 or CD8 T cells with the same antibody, and we did not find
increase/decrease in proliferation from these cells, suggesting that the antibody-mediated T cell
proliferation is not working on effector T cells. We do believe anti-CD177 antibody works on inhibition of
Treg suppressive function and the antibody does not induce the CD4/8 proliferation.

Here is the data and we can include if the reviewer suggests so. Thanks.
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Legend: CD4+CD25- or CD8+ T cells were purified from PBMC, labeled with CFSE, reactivated with anti-CD3/anti-CD28
Dynabeads (Thermofisher). Control, migG isotype, or anti-CD177 (MEM166) were incubated at different time points.
Proliferation (% of CFSE-diluted cells) is shown.

Fig.5B-D are essentially the same experiments with only difference of with (Figure 5C-D) or without anti-
CD177 antibody (Figure 5B). Only Naive CD4 T cells were labeled by CFSE and can be serially diluted as
per cycle of proliferation. Tregs are known to be poorly proliferated with only CD3/CD28 stimulation (9)
compared to naive T cells, and won’t show signs of serial dilution (different peaks in Fig.5B suggesting
that only naive T cell — labeled with CFSE can exhibit different peaks representing serial CSFE
fluorescence signal).

6. The studies using global and Treg conditional knock out mice are incomplete. The phenotype of both of
these mice must be completely characterized. It remains unclear to me if any mouse T cell expresses
CD177. Sup Fig 7B is described in the text at showing mouse splenocytes yet the figure and the legend
indicate human splenocytes. There are potentially numerous explanations why CD177 deficient Treg fail
to suppress in the mouse tumor model. For example, one study has suggested that PECAM-1 is actually
the ligand for CD177 and it is therefore possible that the CD177 deficient Tregs fail to enter the tumor
microenvironment and thus fail to enhance tumor growth. A complete work up of Treg function in these
mice is required before any conclusions can be drawn from the data presented. Commercial mAbs to
mouse CD177 are available. It is not clear what mAb is used to identify mouse CD177 in this study.

Response: These are great points. The mouse reagents are very limited and all good antibodies are only
for human CD177 and don’t cross-react with mouse CD177. During the revision, we were able to identify
a newly available monoclonal anti-mouse CD177 antibody that is able to identify mouse CD177 by flow
cytometry. We updated the detection of CD177* TI-Tregs within MC38 tumors in WT mice (CD177fl/fl)
that were significantly reduced when tumors are from CD177fl/fl/FoxP3-YFP-iCre mice (Jax: 016959)
(Figure 6D), though not reaching 100% depletion likely due to the inefficiency of Foxp3-cre-YFP or the
inefficiency of the stop codon generated by linking exon 1 and exon 3 (the one stop codon generated
after deleting exon 2 may not be strong enough to stop

CD177F/F LysMCre CD177 expression
. — 1 protein expression). In a separate study, we compared
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cytometry. Representative picture (left) and statistics (right) were shown.

Mouse splenic Tregs have been shown to express mRNA of CD177 before (10). We were able to detect
CD177 on mouse splenic Tregs and thymic Tregs, which is also depleted in Treg-specific KO mice
(Supplementary Figure 7C). We also found low levels of CD177* Treg cells in human spleen
(Supplementary Figure 4F, those are patients with cancer, we cannot get spleens without cancer) as
well, <2% of total splenic Tregs in one patient and ~11% in another (newly updated Supplementary
Figure 4F). We do apologize for the initial wrong citation in the text and lack of mentioning human
splenic data.

We did more thorough characterization of germline KO by histopathology. We published whole body
necropsy in young mice (7-8 weeks old) and did not find any pathological alterations — evaluated by Dr.
Gibson-Corley, a comparative pathologist (11); we did more thorough necropsy on aged mice for
potential impact of CD177 deficiency on aged mice most over 18 months. Based on the professional
evaluations of most essential tissues in the body, Dr. Gibson-Corley concludes that there is no defined
autoimmunity or any KO-specific pathological alterations at tissue levels (WT and KO, 3 females and 3
males each). Formal report is included in the source data.

We performed a full immunophenotyping MC38 (Combined)

(Supplementary Figure 7B, gating scheme) for ' - Ko@)
CD177""/FOXP3-cre mice without (Supplementary " wraens)
Figure 8) or with tumors (Supplementary Figure 9),
using a complex 21-color flow cytometry. We repeated
Figure 6C with two independent experiments and found
the same results of reduced tumor growth within Treg-
specific CD177 KO mice (right panel). We don’t have Dates
CD177 germline KO mice in active breeding and cannot

perform similar experiments.
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While we don’t see significant alterations in immune components from non-tumor bearing mice, we did
repeatedly observe reduced TI-Tregs from MC38 tumors from the Treg-specific KO mice (Figure 6E,
combined from 2 separate experiments for TI-Tregs), correlating with reduced proliferation within TI-
Tregs (Figure 6F). This is in agreement with known literature showing that CD177* TI-Tregs have
increased clonality, indicative of the proliferative expansion of certain TI-Treg clones (4). There is no
significant change in chemokine receptors on splenic Tregs or tumoral Tregs, indicating that the
decreased TI-Tregs from Treg-specific KO mice may be a cause of proliferation, a known feature of TI-
Tregs (4) or reduced tumor-specific production of thymic Tregs (Figure 6E, T-Thymus). We still cannot
rule out the involvement of Treg trafficking that may contribute to TI-Tregs. This phenotype — as
indicated from human study — is tumor-specific phenotype since there is no significant difference in
Tregs from other tissues except a slight reduction of thymic Tregs from tumor-bearing Treg-specific KO
mice (Figure 6E), in agreement with the moderate expression of CD177 on thymic Tregs (Supplementary
Figure 7C).

To better understand CD177 deletion at functional genomics, we performed RNAseq of splenic Tregs
from tumor bearing spleens or TI-Tregs purified from MC38 tumors, either from CD1777/f/FOXP3-cre or
CD177%f/WT mice by sorting out CD3*CD4*CD25*GITR* Tregs. Further consolidated by human CD177*
versus CD177 TlI-Tregs, we did not see big difference in gene expression between WT and CD177-KO
Tregs nor pathway difference in known Treg-suppressive gene signature or chemokine receptors that
mediate its tumor infiltration (Supplementary Figure 9G-J).



Based on these mouse experiments, and the functional experiments that human CD177* Tregs and WT
Tregs are more suppressive than their negative counterparts, we believe that CD177 itself may have
immune suppressive function and indeed CD177 protein was able to inhibit effector T cells from human
blood (Supplementary Figure 5B-E). We are investigating potential receptor on effector T cells, but we
do not have a concrete target yet. As the reviewer suggested, PECAM-1 can be a valid target for Treg
cells entering tumor microenvironment but cannot explain the suppressive phenotype for CD177* Tregs.
We did not identify any PECAM-1 express on effector T cells.

Overall, we have a lot negative results related to the mechanistic explanation of CD177* Tregs, both
from human and mouse TI-Tregs, but our data do support that important role of CD177* Tregs in
immune suppression and it can be a good target since its expression on PBMC Tregs is 0% and very low
in spleen or normal tissues. Technical limitations (humber of TI-Tregs from human cancer specimens and
unavailability of anti-mouse CD177 antibody) and the COVID-19 pandemic prevent us from getting more
fresh tissues.

Reviewer #2 (Treg, TCR signaling) (Remarks to the Author):

Here, the authors analyze gene expression signatures of individual Treg isolated from human tumors and
peripheral blood. They identify sets of up-regulated and down-regulated genes in comparative analysis
of TIL and PBL Treg, consistent with previously published data sets of tumors of different origin. The
finding that CD177 identifies a particularly suppressive subset of Treg is interesting, as are the results of
knocking out CD177, either constitutively or inducibly.

However, it is not clear from the manuscript why the authors chose to focus on CD177 (other than
stating later that it was upregulated in a subset of Cluster 1).

Response: The focus on CD177 Treg is historical in the lab. We initially started two separate projects:

1) to study the role of immune modulators on cancer where we found CD177 to be the good (correct, it
is a good predictor) for breast cancer prognosis. We followed up this study and found out CD177 is
expressed by normal epithelial cells from various tissues including mammary epithelial cells (1), prostate
epithelial cells, colonic epithelial cells etc. (Supplementary Figure 4D-E). We found CD177 to be a tumor
suppressor due to its cancer/epithelial cell-intrinsic expression and published the work a few month ago

(1).

2) to profile immune cell infiltrates from cancers. We focus on ccRCC due to its specific properties in
terms of immunotherapy: low mutational burden but very responsive to immunotherapy. We want to
know whether immune cell infiltrates may explain why ccRCC is different from classic cancer types
(melanoma, lung adeno etc.) for cancer immunotherapy (submitted, and preprint:
https://www.biorxiv.org/content/10.1101/824482v1).

When we analyzed TI-Tregs, CD177 stands out within the common upregulated genes among ccRCC,
HCC, breast cancer, colon cancer, and lung cancers). We confirmed cancers have CD177+ lymphocytes
based on IHC staining and flow cytometry. Among all the DEGs between TI- and PB-Tregs, CD177
presents on cell surface that can be easily targeted by antibodies and we have developed KO and floxed
allele for CD177 as well. These important observations and availability of reagents/mouse models lead
us to focus on CD177 rather than other DEGs discovered in Fate-1 Tregs.

It is also not clear from the manuscript how the authors think CD177 may be acting to modify Treg
function (i.e. apparently increasing their suppressive activity).


https://www.biorxiv.org/content/10.1101/824482v1

Response:

We responded to reviewer 1, critique 6 for the potential mechanisms how CD177 may modify Treg
function. We believe CD177 protein has immune suppressive function, which likely have its own partner
on effector T cells for suppression (Supplementary Figure 5B-E). We are actively looking for its
interaction proteins on effector T cells and with a few potential hits, but nothing concrete yet. We
added more discussion as below:

“We have tried many experiments to understand why CD177+ TI-Tregs are more immune suppressive,
including genetic analysis of CD177+ and CD177- Tregs from mouse and human (no significant
identifiable change in known suppressive genes) and expression of cell surface proteins (Figure 5).
Increased expression of immune checkpoints such as PD-1 and CTLA4 (Figure 5) cannot explain the
suppressive effect in vitro. It is well-accepted that Tregs suppress effector T cells via direct contact in
vitro (9, 12-15), which drives us to believe the presence of CD177 receptor on effector T cells. We have
failed to detect strong expression of known CD177 receptors such as CD31/PECAM-1 and proteinase 3
on effector T cells, our future work is to actively identify the potential CD177-binding receptors on
effector T cells.”

Regarding the single cell RNAseq analysis, the authors do not report how many Treg cells are being
analyzed in each case, or in total (what is reported is number of immune cells and not the number of
Treg). This should be clarified.

Response: We have clarified the numbers in each group in the figure legends for different comparisons
(new Figure 4A for ccRCC and Supplementary Figure 4A for HCC).

In Fig. 2, the authors, based on pseudotime analysis, discuss the origination of two clusters of Treg.
However, they do not mention that some junctional zone and liver Treg have a similar expression profile
(Supplementary Fig. 2A). Thus, the authors should address the fact that these variables may be a
common of Treg in non-immune tissues in general, and may not be specific to tumors.

Response: This is indeed correct. There is expression of CD177 in ~10% of normal Liver Tregs. This is
consistent with our histological findings in normal tissues in supplemental Figure 4 D-E, as well as in
Tregs from normal breast parenchyma (4). However, within the junctional-zone and tumor-infiltrating
Treg populations, there is a greater percentage of CD177* Tregs, as well as an upregulation of the mRNA
(Supplementary Figure 4A-C). The interesting finding that junctional-zone has increased % of CD177* Tl-
Tregs supports the notion that certain immune suppression within cancer is located at peritumor
area/junctional zone. We also saw CD177* Tregs in human spleen from cancer patients(Supplementary
Figure 4F) and mouse thymic Tregs (Supplementary Figure 7C, upper panels). We revised the
manuscript to state that the expression of CD177 on Tregs is not restricted to TI-Tregs, but it is induced
by tumors (Fig. 6E) and can be a good therapeutic target for cancer therapy.

In Fig. 2 D-E and Supplementary Fig. 2D-E, the authors imply that cluster 1 and 2 have an exhaustion
signature. However, it is not clear which genes are being used to define these cells, nor what the
cytotoxicity, cell cycle and naive status signature scores are based on. Of note, “exhaustion” of Treg is
not well-defined, particularly at a functional level.

Response: We have added additional text to the methods section to describe the enrichment scores
being based on single-sample gene set enrichment using the signatures defined by the singleR package
with listed genes for defining exhaustion and other phenotypes. We have clarified that the enrichment



of the exhaustion gene set could be a product of the higher expression of immune checkpoints, that may
or may not act as effector molecules for Tregs; hence the exhaustion signature for TI-Tregs — some
known in the literature —is correlated with increased suppressive function of Tregs with both clinical
and preclinical evidence targeting these exhaustion molecules may decrease Treg cell numbers and/or
their suppressive function (16-24). This is also true in breast cancers that metastasis-promoting Tregs
have increased levels of PD-1, CTLA-4, and ICOS (8).

In Fig. 4A, the authors should clarify whether the tissue-infiltrating cells from liver show any expression of
CD177; also, the status of CD177 in tumor-associated tissue used in the previous figure is not mentioned.

Response: As seen in the new supplementary Figure 4A-C, a similar distribution of increased CD177*
Tregs were seen in CF1 within tissue-infiltrating cells or junctional zone Tregs from the liver, relative to
CF2 and peripheral T cells. But the expression levels of CD177/% of CD177+ Tregs in normal liver tissue is
much lower than those from junctional zone and tumors.

In 4C, the authors label CD127 on both the X and Y axes. | think the Y axis should probably be CD177.

Response: it should be CD25 and updated in the new figure (new Supplementary Figure 4H).

In Supplementary Fig. 4D, where the authors show staining and gating controls for Treg analysis, there
seems to be a nonspecific shift of the whole CD3 population, compared to the FMO control. Moreover,
the sequence of flow analysis in Supp. Fig 4D is odd, where FoxP3 has been used to gate before gating on
CD4. It would be better to perform the gating the other way around, i.e. first gate on CD4, then show
FoxP3, etc.

Response: Thanks for the suggestions. We re-gated different immune cells, following lymphocyte gating
(very stringent gating using lymphocytes from PBMCs or splenocytes, Figure 4D)-single cells (FSC-H/FSC-
A)-single cells (SSC-H/SSC-A)-live CD45 immune cells-CD3 T cells-CD4/CD8-CD25/FOXP3-CD177. We
performed flow cytometry from frozen single cell suspensions of 5 more independent breast cancer
specimens and all samples contained CD177+ Tregs defined by CD25*FOXP3* (Figure 4D, Supplementary
Figure 4G, showing 3 samples).

Fig. 5 and the supporting supplementary figure state are meant to show that CD177 positive Treg do
show upregulation of other markers, like PD-1 and CTLA-4. Have the authors looked to see if other
molecules associated with potent Treg suppression, like some cytokines and granzyme B, are
upregulated in their staining?

Response: We ran out of frozen stocks of single cell suspension of cancer specimens for protein assay
and COVID-19 prevents us from getting new fresh cancer specimens due to local regulations. But we did
thorough analysis of RNA data, including purified CD177+ and CD177- TI-Tregs from 5 breast cancer
patients, ccRCC single cell RNAseq data to retrieve CD177+ and CD177- TI-Tregs. We compared all Treg-
relevant suppressive genes and chemokine receptors and did not find any significant and consistent
change between CD177+ and CD177- TlI-Tregs (New Supplementary Figure 9G-J).

In Fig. 6, the authors use mice with global or Treg-specific KO of CD177. However, they do repeat the in
vitro suppression assay with TIL Treg from either one of these mouse models. In addition, they do not
perform any lymphocyte characterization (including of Treg), before proceeding to the tumor models.
The authors need to address directly whether the global or inducible KO of CD177 leads to any baseline



changes in lymphoid organs. Also, the authors fail to disclose which FoxP3-Cre they are using in their
Treg CD177 KO mouse. In addition, in the tumor experiments there is no detailed TIL characterization to
say whether total or Treg-specific KO of CD177 leads to any change in various lymphocyte compartment
inside the tumors.

Response: please refer to the detailed explanation under reviewer 1, critique 6. We have done thorough
characterization of the mouse now (new Figure 6, New Supplementary Figure 7-9). We used FoxP3-YFP-
iCre mice (Jax: 016959). Although we did not observe a complete CD177 deletion in TI-Tregs using this
Cre, thymic Tregs in the same mice have very efficient deletion of CD177, as well as neutrophils when
CD177fl/fl mice were crossed with LysM-Cre (Figure is under reviewer 1, critique 6). The suppression
assay is also done (Supplementary Figure 9F).

Finally, since the authors have access to a CD177 blocking antibody, they could test it in the tumor
models with WT mice, although | would consider this experiment a lower priority in the context of other
issues that should be addressed, as discussed above.

Response: There is no commercially available antibody that inhibits the suppressive function of mouse
Tregs. We tested all antibodies targeting mouse CD177 but can only identify one for IHC and one for
flow cytometry. We did not find any blocking or neutralizing antibody.
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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

The expression of CD177 on Treg still remains poorly characterized. The authors wish to claim that it
is primarily induced in the tumor microenvironment and is not a marker of activated Treg. Yet, the
data presented supports the concept that it is a marker of activated Treg. Most activated Treg markers
are elevated on the CD177+ T cells from the tumors. They never perform the simple experiment of
activating human Treg from PBMC (no limitation on numbers) and stimulate them for several days
with anti-CD3/CD28 beads and high concentrations of IL-2 and determine the expression of CD177. Is
the superior suppressor function of this population simply secondary to their activation status which
has been shown in numerous papers. Similar activation studies should be done with CD4+ non-Treg to
see if CD177 can also be induced on effector cells. It is entirely possible that activated T effectors as
used in Fig. 5C and D might express CD177 and that the reversal of suppression is mediated by
targeting activated effector cells. As the authors point out, reversal of Treg suppression is a very
unusual finding. Many of the claims concerning reversal of suppression by antibodies to members of
the TNFSF such as the GITR and OX40 were in the end shown to be directed at enhancing Treg
activation. The data presented in Figure 5 (B,C, D) as well as in supplement 5 needs to be greatly
expanded.

The authors use a 2 cell suppressor assay in the absence of APC. While a certain degree of
suppression may be seen under these conditions, a much more sensitive assay using human non-Treg
APC and soluble APC would be preferable. It still remains unclear why total Treg and CD177- Treg
produce almost no suppression even at relatively high Treg to responder ratios (1:2).

The significance of the very minor effects of CD177-Fc on effector T cell proliferation are difficult to
interpret. Would CD177-Fc block IL-2 mediate proliferation of T cell blasts in the absence of anti-
CD3/CD28. Such a study might pin point where the fusion protein acts. It is also curious that the dye
dilution curves of the effector cells in the presence of absence of IL-2 are EXACTLY the same and
appear to have been duplicated. In general, IL-2 would augment proliferation.

The availability of a Treg specific CD177 mouse affords the author multiple opportunities to test the
role of CD177 expression on T cell activation in vitro. Where are these studies? Again, evaluation of
the expression of CD177 under multiple activation conditions of mouse Treg should be performed.
They now have an antibody to mouse CD177 which appears to stain.

The studies in the mouse tumor model clearly show enhanced tumor immunity in the cKO mouse. The
question is why? The most likely explanation from the data shown appears to be a defect in the
migration of Treg to the tumor, not a defect in Treg suppression. This needs to be explored further in
depth. The differences in thymic generation of Ki-67 in the tumor site do not appear to be biologically
significant.

The authors assume that Treg directly interact with CD8+ effector T cells. The site a number of
“ancient history” papers from the early 2000s that support this view, but it is far from clear that this is
the case. The authors may be searching at the wrong cell type for a purported CD177 ligand.

Reviewer #2 (Remarks to the Author):

The authors have very thoroughly addressed my critiques. I have no additional comments.



Point-by-Point Response

Overall response: We really appreciate the reviewer’s comments and critiques that make the paperin a
much better shape. We re-arranged some figures and included many new experiments to support our
claims. New data include: Fig. 4f; Fig. 4g; Fig. 6b; Fig. 6d; Fig. 6e; Fig. 6f; Fig. 6g; Fig. 6g; Fig. 6i; Fig. 6j; Fig.
7b; Fig 7d; Fig. 7e; Fig. 7f. We also removed some figures based on the reviewer’'s comments detailed
below.

Comment-1: The expression of CD177 on Treg still remains poorly characterized. The authors wish to
claim that it is primarily induced in the tumor microenvironment and is not a marker of activated Treg.
Yet, the data presented supports the concept that it is a marker of activated Treg. Most activated Treg
markers are elevated on the CD177+ T cells from the tumors. They never perform the simple experiment
of activating human Treg from PBMC (no limitation on numbers) and stimulate them for several days
with anti-CD3/CD28 beads and high concentrations of IL-2 and determine the expression of CD177. Is
the superior suppressor function of this population simply secondary to their activation status which has
been shown in numerous papers. Similar activation studies should be done with CD4+ non-Treg to see if
CD177 can also be induced on effector cells. It is entirely possible that activated T effectors as used in
Fig. 5C and D might express CD177 and that the reversal of suppression is mediated by targeting
activated effector cells. As the authors point out, reversal of Treg suppression is a very unusual finding.
Many of the claims concerning reversal of suppression by antibodies to members of the TNFSF such as
the GITR and OX40 were in the end shown to be directed at enhancing Treg activation. The data
presented in Figure 5 (B,C, D) as well as in supplement 5 needs to be greatly expanded.

Response: We appreciate the suggestions and performed several experiments to demonstrate that
CD177 is not induced by anti-CD3/CD28 beads and high concentrations of IL-2 from Tregs and Tconv
cells using purified cells from human PBMC or mouse splenocytes. We now put the new data as new Fig
4f-g. In addition, we treated effector CD4 and CD8 T cells with anti-CD177 antibody and did not see the
direct impact of the antibody on CD4 or CD8 T cell proliferation (New Fig. 7d).

Comment-2: The authors use a 2 cell suppressor assay in the absence of APC. While a certain degree of
suppression may be seen under these conditions, a much more sensitive assay using human non-Treg
APC and soluble APC would be preferable. It still remains unclear why total Treg and CD177- Treg
produce almost no suppression even at relatively high Treg to responder ratios (1:2).

Response: We followed the suggestion and did APC based T cell activation using human monocyte
derived dendritic cells (Fig. 7b, 5:1 ratio Teff/Treg), or using mouse splenocytes (T cell depleted) for
activation of T cells (Fig. 7e, 4:1 to 1:1 ratios). We did see CD177- TI-Tregs suppress partially T cell
proliferation, even though not as significant as CD177" TI-Tregs at 5:1 ratio (Fig. 7b). These are the
combination of 7 large renal cell carcinomas from a collaborator group. Mouse TI-Tregs also exhibited
similar pattern and CD177+ TI-Tregs are more suppressive than CD177- TI-Tregs (Fig. 7e). The partial
suppression of APC-based T cell proliferation by CD177- Tl Tregs is likely due to the role of CTLA-4 in
competing with CD28 for CD80/CD86 co-stimulation at the priming/activation stage of effector T cells,
presumably within secondary lymphoid tissues. The more suppressive effect of CD177+ Tl Tregs is likely
due to other unknown mechanism within tumor microenvironment, either directly or indirectly, which
warrants further investigation. In addition to the figures, we also include the discussion related to this
part.



The significance of the very minor effects of CD177-Fc on effector T cell proliferation are difficult to
interpret. Would CD177-Fc block IL-2 mediate proliferation of T cell blasts in the absence of anti-
CD3/CD28. Such a study might pin point where the fusion protein acts. It is also curious that the dye
dilution curves of the effector cells in the presence of absence of IL-2 are EXACTLY the same and appear
to have been duplicated. In general, IL-2 would augment proliferation.

Response: We agree with the comment that the impact of CD177-FC on T cell proliferation is very
minor. We repeated and the trend was the same. Based on the comment here and the discussion
between all the authors, we decided to remove the supplementary data to avoid confusion and
misleading information.

Comment-3: The availability of a Treg specific CD177 mouse affords the author multiple opportunities to
test the role of CD177 expression on T cell activation in vitro. Where are these studies? Again,
evaluation of the expression of CD177 under multiple activation conditions of mouse Treg should be
performed. They now have an antibody to mouse CD177 which appears to stain.

Response: Thanks for the comments. We did include a lot more experiments based on the suggestions
and included Fig. 4g; Fig. 6b, Fig. 6f-j; Fig. 7e-f for the recommended experiments.

Comment-4: The studies in the mouse tumor model clearly show enhanced tumor immunity in the cKO
mouse. The question is why? The most likely explanation from the data shown appears to be a defect in
the migration of Treg to the tumor, not a defect in Treg suppression. This needs to be explored further
in depth. The differences in thymic generation of Ki-67 in the tumor site do not appear to be biologically
significant.

Response: We included more data to address the potential impact of CD177 on migration in vivo (Fig.
6f; Fig. 6h) and in vitro (Fig. 6j), suppression (Fig. 7b, Fig. 7d, Fig. 7e-f), proliferation (original figure 5,
now Fig. 7a-b), and viability (Fig. 7g;Fig.7i) based on the suggestion. We also moved original figures
about the chemokine receptors to Fig. 7d-e. All our effort concludes that there is no impact of CD177
on Treg tumor recruitment to tumors or viability. There is still possibility of Treg retention due to the
expression of chemokine receptors such as CCR8, but there is no good method in our lab or collaborator
laboratory to perform Treg retention within tumors.

Related to the Ki-67 positive Tregs, please note it is the percentage of live CD45 cells, which
translates into 5-10% proliferation in Tl Tregs and is biologically and statistically significant (current Fig.
6a; Fig. 6¢). Our suppression assay, both CD3/CD28- and APC-based T cell proliferation is strongly
inhibited by CD177" TI-Tregs in human and in mouse (New Fig. 7). We do believe that CD177" TI-Tregs
have superior suppressive capacity than CD177 Tl-Tregs, but we can certainly tune down the statement
if the reviewer suggests.

Comment-5: The authors assume that Treg directly interact with CD8+ effector T cells. The site a number
of “ancient history” papers from the early 2000s that support this view, but it is far from clear that this is
the case. The authors may be searching at the wrong cell type for a purported CD177 ligand.

Response: We appreciate the comment and the suggestion about the putative potentially risky ligand
identification. We removed the CD177-FC data and also tuned down whether CD177+ Tl Tregs suppress
effector T cells via direct or indirect mechanisms. We did search recent literature about Tl Tregs with a
focus in human. The information related to direct versus indirect suppression mechanisms of Tl-Tregs in
human is very sparce and most experiments are co-culturing without separation. The major limitation of
TI-Treg study is the number of TI-Tregs we can purify from cancer specimens for classic suppression
assay, where we normally euthanize tens of tumor bearing mice for one experiment and even harder for



human specimens. Our data agree with the major conclusion from most of the publications that Tl Tregs
are highly suppressive, but at this stage, we don’t know the mechanisms and leave it open in discussion.



REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

The authors have addressed many of the major criticisms I raised in my initial review of the paper and
the additional data on the expression of CD177 under different situations is quite convincing and
supports their contention that CD177 on Tregs is specific to the tumor microenvironment. However,
the functional characterization of the purported enhanced suppressive capacity of CD177+ Tregs and
the effect of anti-CD177 in reversing suppression are still not optimally executed:

1. In general one does not perform Treg suppression assays by first pre-activating the responder cells
with anti-CD3/CD28 and IL-2 for 24 hours before adding Treg. This would make suppression more
difficult to observe and likely accounts for the failure to observe suppression by Total Treg and CD177-
Tregs in Figure 7A. It is also not clear if IL-2 is maintained in the suppression assay for the entire
length of then assay. The addition of IL-2 would mask the suppressive function of Treg.

2. In the anti-CD3 and APC system (figures 7b and c), it is not clear if the responder cells are also
pre-activated for 24 hours.

3. The authors quantitate suppression a number of different ways which are not all the same =CFSE
measurement of proliferation, total cell yield and percent non proliferating cells. This renders data
interpretation difficult.

4. The differences between the CD177+ and CD177- populations could be secondary to minor
differences in the purity of the sorted populations for Fozp3+ Treg. This criticism applies to both the
mouse and human studies. In the mouse, the authors could have used Treg from Foxp3 reporter mice
where purity could be easily monitored.

5. As pointed in my initial review, the reversal of suppression by anti-CD177 is an unusual finding and
needs to be explored in greater depth. It appears that Fig. 7c is the result of a single experiment and
needs to be repeated with a complete titration of Treg using a CFSE assays with a complete display of
the data.

7. Can suppression by mouse CD177+ Treg also be reversed by anti-mouse CD177? Do Treg (from
spleen or the TME) from CD177 cKo mice have normal suppressive function?



The authors have addressed many of the major criticisms I raised in my initial review of the paper and
the additional data on the expression of CD177 under different situations is quite convincing and
supports their contention that CD177 on Tregs is specific to the tumor microenvironment. However, the
functional characterization of the purported enhanced suppressive capacity of CD177+ Tregs and the
effect of anti-CD177 in reversing suppression are still not optimally executed:

Response: Thanks for the recognition of our effort in resolving the outstanding issues raised by the
reviewer. We really appreciate these constructive comments that make our discovery with more solid
support.

1. In general, one does not perform Treg suppression assays by first pre-activating the responder cells
with anti-CD3/CD28 and IL-2 for 24 hours before adding Treg. This would make suppression more
difficult to observe and likely accounts for the failure to observe suppression by Total Treg and CD177-
Tregs in Figure 7A. It is also not clear if IL-2 is maintained in the suppression assay for the entire length of
then assay. The addition of IL-2 would mask the suppressive function of Treg.

Response: Since most data are clinical specimens and we have to freeze down tumor-infiltrating
immune cells in liquid nitrogen. We did find the recovery of effector T cells is critical for the suppression
assay to work. We did in general allow them to recover for overnight after purification, when we don’t
see any CFSE dilution. We will spin down all effector T cells for accurate counting, label them with CFSE,
co-culture with flow cytometry-purified Tregs on the 2" day. We always find these effector T cells
proliferative much better and we did remove IL-2 from the medium after combination of effector T cells
and Tregs, as we have clarified in the first response letter and the method section.

2. In the anti-CD3 and APC system (Figures 7b and c), it is not clear if the responder cells are also pre-
activated for 24 hours.

Response: We performed these experiments after we received the first round of comments and did not
include IL-2. We found this APC-based system works very well and the Teff cells did not need to be pre-
activated. Thanks for the great suggestion.

3. The authors quantitate suppression a number of different ways which are not all the same CFSE
measurement of proliferation, total cell yield and percent non proliferating cells. This renders data
interpretation difficult.

Response: We have changed all to percent proliferation in Figure 7, except for Fig.7c where the CFSE
labeling did not work. We have to count total Tconv cells.

4. The differences between the CD177+ and CD177- populations could be secondary to minor differences
in the purity of the sorted populations for Foxp3™ Treg. This criticism applies to both the mouse and
human studies. In the mouse, the authors could have used Treg from Foxp3 reporter mice where purity
could be easily monitored.

Response: Thanks for the comments. We did perform carefully pre- and post-sorting of CD177+ and
CD177- Tl Tregs (New Figures: Supplementary Figure 9b-d for human and Fig. 7e upper left pane for
mouse Tregs). The % of FOXP3" Tregs is similar between CD177+ and CD177- Tl Tregs.



5. As pointed in my initial review, the reversal of suppression by anti-CD177 is an unusual finding and
needs to be explored in greater depth. It appears that Fig. 7c is the result of a single experiment and
needs to be repeated with a complete titration of Treg using a CFSE assays with a complete display of the
data.

6. Can suppression by mouse CD177+ Treg also be reversed by anti-mouse CD177? Do Treg (from spleen
or the TME) from CD177 cKO mice have normal suppressive function?

Response to Comment 5-6: We greatly appreciate the recognition of the significance. The human TI-
Tregs are extremely rare to perform the requested experiments, as reflected by the rarity of similar Tl
Treg-suppressive experiments in PUBMED. We have communicated this issue with our handling editor
who also believes that it is impossible to do these human experiments.

Please note that the suppressive capacity of CD177" TI-Tregs has been very firmly established, including
Figure 7a (one biological repeat from combined 3 breast cancers); Figure 7b (two biological repeats with
5 breast cancer specimens); Figure 7c (3-4 biological repeats with 7 renal cancers). Due to the complex
nature of human specimens, we normally process and flow-sort individual human tissues to collect
different populations of Tl Tregs since one bad tissue with a lot necrosis may influence the productivity
of all other tissues. For Figure 7a, we combined all 3 to get enough cells for one biological replicate at
each Teff/Treg ratio; we used the data points from Figure 7b (IgG treatment) to get 2 biological
replicates for CD177 Tl Tregs and 3 biological replicates for CD177" Tl Tregs. For Figure 7b, we have two
specimens with dominant numbers of CD177" TI-Tregs and the other 3 specimens were combined to the
two dominant specimens. Figure 7c, RCC normally are larger tumors and we have 4 out 7 specimens
with relatively more CD177" TI-Tregs, with the other 3 combined and distributed into the 4 specimens.
Figure 7a, 7b or 7c each represents one separate experiment with various number of replicates.

For animal experiments, we repeated the MC38 tumor growth experiments as shown in Fig 5¢ using 20
mice in WT and 14 mice in Treg-specific KO group (right Figure, Panel A). We combined 3-4 tumors per
group for sorting CD4"CD25 GITR" TI-Treg cells for suppression assay (Figure 7e at Teff/Treg 2:1 ratio).
With so many mice, we have achieved 4 biological

replicates. We found there is no difference of splenic Aos_ B

Tregs from WT or KO mice without tumors 7 P=0034
(Supplementary Figure 9i). We have plenty of TI-Tregs g 067 P=0.0007 70

from WT control tumors and performed anti-mouse £ oad WT (19220) ;5;

CD177 experiments. The research related to mouse é . ¢ Treg-RO(1214) o ;;5 65

CD177 is just starting and all antibodies have no S +-4 .
information related to the blocking function of these 0o ;s = ‘2.0' - — 80~ & # S
antibodies. Our laboratory has led the production of the Days ® &

first CD177 KO strain and the first CD177"" strain. We only found one polyclonal rabbit antibody
showing minor blocking efficiency to TI-Tregs (right Figure, Panel B). The difference is too minor to be
included in the paper.

For antibody blockage experiments, please instruct what to include or not. We are okay to remove the
data in Figure 7b and related antibody blockage experiment overall. The finding of CD177+ TI-Tregs is
very significant and our discovery should have general impact in cancer Treg research.



REVIEWERS' COMMENTS
Reviewer #1 (Remarks to the Author):

None
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