Reviewers' comments:
Reviewer #1 (Remarks to the Author):

Authors describe single cell sequencing on an impressive number of CD45+ TIL from 10 primary
breast cancers wtih PBMC, the majority of which are TNBC, with a couple of Luminal and one HER2
BC.

They show B cells are really the minority population and focus on B cells, but a vast number of cells
are profiled in this work which are not really commented on.

Analysis is largely focused on the B cell population in the TNBC population.

If data are publicly available (both tumor and TIL and TCR/BCR sequences), it will be an excellent
resource for other investigators.

Unclear what the main message is, the paper is largely descriptive.

Major

1. Can the make comments on the comparison on the luminal and HER2 B cell
populations.Discussion on the heterogeneity in the other immune cells must be made as well.

2. Are these B cells clusters different from the other TNBC? What about the percentage of B cells as
well as mutation frequency.

3. Why was exome sequencing preformed? Was there some sort of neoantigen prediction? Did more
mutations/antigens correlated with more B/T cells? Title implies such analysis was made.

Were any of these BRCA germline mutated?

4. How is a resident memory B cell defined/ distinguished? | believe these are relatively newly
defined. It is a big call. So | would urge more caution.

5. Line 291: “Our results also suggested the existence of functionally active germinal centers in TNBC
tumor tissues.” What supports functionally active?

6. can the prognostic gene signatures be compared to T cell signatures?

Minor

1. odd that the TNBC patients are graded mainly grade 2. Can they give the TIL level of infiltration in
TablelA as per previously defined method (www.tilsinbreastcancer.org)

2. Line 117 says 9 pairs of samples were subjected to 5’ 10x sequencing. There on only 8 described
here. Pls reconcile.

3. Line 282. PIs add reference to support this “which might be due to the heterogeneity of both
breast cancer patients and B cell subtypes”.
4. Fig S5 is hard to read.

Reviewer #2 (Remarks to the Author):

In this article, Hu Q. et al. aim to better define the molecular characteristics of tumour-infiltrating B
cells and plasma cells (TIL-B) in breast cancer. To this end, they used the 10X Genomics platform to
obtain (i) single-cell gene expression data and (ii) single-cell T-cell/B-cell receptor sequences
(TCR/BCR) from the immune infiltrates (CD45+) and matched peripheral blood mononuclear cells



(PBMCs) of 10 breast cancer patients (n = 6 for triple-negative [TNBC], n = 3 for laminal Aand n=1
for HER2-positive); although most of the paper is focused on 5 TNBC cases. By comparing those two
datasets, they argue that, in TNBC, tumor-infiltrating B cells are likely to be involved in tumor control
as they show the characteristics of antigen-activated mature and memory B cells and plasma cells. In
an attempt to generalize their findings, they used B-cell gene signatures derived from their single-
cell gene expression data to perform survival analysis on larger publicly available datasets for breast
cancer (METABRIC and TCGA) and other cancer types (TCGA) and argue that such signatures have a
better prognostic value than single B-cell markers, in particular CD19 or CD20.

Strengths:

1. Compared to T cells, TIL-B are a vastly understudied immune cell type in the tumour
microenvironment; therefore, the subject matter is of interest and likely importance.

2. They applied a state-of-the-art method (scRNA-seq) to a relatively large sample set (by today's
standards), and obtained matched transcriptome, TCR and BCR data.

Major issues:

1. The paper lacks any major discoveries. It is well established in breast and other cancers that TIL-B-
derived BCRs exhibit hallmarks of antigen recognition, including class switching, somatic
hypermutation, and clonal expansion. Thus, the BCR data is largely confirmatory. Their finding of
(possibly) 13 molecularly defined subsets of TIL-B is somewhat novel; however, the authors'
treatment of this is superficial and does not go beyond what is already known from the literature.

2. In general, the paper lacks adequate discussion and citation of the literature. Although TIL-B are
understudied, there are nonetheless dozens of other papers in breast and other cancers that have
relevant information yet were not mentioned by the authors.

3. Almost nothing is said about T cell phenotypes, despite this data being available. It would be
interesting to see if TIL-B are associated with particular subsets of T cells, such as Tfh.

4. In addition to the single-cell sequencing datasets, the authors report whole-exome sequencing
data that were used to infer the mutational landscapes of the 6 TNBC cancer cases. Germline and
somatic mutations are reported in Table S3, while subsequent analyses on those sets of mutations
are reported in Figure S2. However, those two elements are only mentioned in passing (line 129) and
add very little to the overall story.

5. The manuscript has many grammatical issues and would benefit from careful editing.

Other issues:

1. In the Methods section, the following points should be addressed:

a. Line 365 to 387: Please describe more clearly the procedure to identify and filter germline and
somatic mutations. Command lines are useful but require prior knowledge of the software used. It
would be helpful to add a sentence explaining briefly what has been done and report the command
line in brackets. Detail what are EXAC_ALL and EXAC_EAS, sift score and polyphen score and why
such filtering is applied.

b. Line 389 to 401: there are no viability markers in the ‘Reagents and antibodies’ section (starting
line 330). How was viability inferred? Trypan blue only? FSC/SSC profile? The gating strategy should
be provided as a Supplementary Figure.

c. Line 403 to 422: Report code used to filter data. Rather than using ‘gene UMI count vs. cell
barcode matrix’ or the ‘UMI cell barcode matrix’ (line 426) use the dedicated terminology (in the
field: gene expression matrix or UMI count matrix, 10X Genomics: feature-barcode matrix) and
provide a brief explanation of what this is.



d. Line 424 to 440: Provide source code. Is there a reason why the authors decided to focus on the
top 10 CCs?

e. Line 442 to 464: Provide the source code. Did the authors find cells with both BCR and TCR
sequences? If so, in what proportion? What are those cells? Doublets that escaped the filtering
process? Or real double positive cells?

f. For the FindCluster function, is it ascceptable to arbitrarily set the resolution parameter and
compare results? Shouldn't there be an optimal resolution parameter for each dataset? One way to
estimate it might be to evaluate how the amount of redundancy between each cluster’s marker
genes (Table S4 and S5) varies as a function of the resolution parameter. | would expect that over-
resolution would result in highly redundant marker genes. This might be worth exploring especially
since the authors report very small (and atypical) clusters that could be ‘noise’ (C9, C12, C11 and C13
on Figure 4).

g. Line 466 to 486: Provide custom scripts used in this analysis and more details about the process.
Why did the authors only focus on the heavy chain (IgH)? What about kappa and lambda? What is
the frequency of cells with two productive IgH rearrangement? Are those cells more likely to be
doublets than the others or is that a real signal?

h. Line 502 to 516: descriptions and associated heatmaps are very unclear (Figure 3D and Figure 4D).
What is a germline vs V(D)) event? What is plotted against what in those heatmaps? Where are the
PBMC/TNBC heatmaps? Since the signal is symmetrical, it might be worthwhile to plot only half of
those heatmaps.

i. Line 518 to 524: why use two methods to quantify cell cycle if filtering is only done using results
from the Seurat function? Are those algorithms giving the same status for most of the cells? How
were the threshold defined?

2. In the Figure Legends (starting line 536 — add header to this section), the authors should mention
the methodological details required to understand each figure panel or at least refer to the
associated Methods section. Also, please mention the statistical test used to assess significance.
Finally, describe what is represented (e.g., what is represented by the box and whiskers in your box
plots?).

3. Line 107-108: the authors argue that TNBC contains more tumor-infiltrating B lymphocytes than
other breast cancer types. Given than tumor architecture can drastically vary from one patient to
another, is that really fair to normalize by initial tumor weight? Why not normalize by the total
number of relevant cells (live tumor + immune cells)? Is it possible to split the ‘Non-TNBC’ category
into the different breast cancer subtypes and perform the adequate statistical test? Of note, given
the non-normal distribution of both samples, a Wilcoxon rank sum test (unpaired, two-sided) might
be more appropriate that a Student’s t test.

4. Line 109 to 116: are the samples submitted to single-cell sequencing part of the 14 samples
presented in Figure S17? If yes, please highlight the samples sent to sequencing on this Figure. Are
TNBC 1 to 6 the outliers on that box plot?

5. In Figure S2A, what were the rules applied to select the cancer-related genes? How was the
analysis presented in Figure S2C performed? There is no mention in the Methods section and no
conclusion is drawn from it in the main text.

6. Line 134 to 138: in the ‘Reagents and antibodies’ section (Methods, starting line 330), the authors
mention that they used the antibodies recognizing the following markers: CD45 (immune cells),



CD56 (NK cells), CD11b (monocyte/macrophages), CD3 (T cells), CD20 and CD19 (B cells). Were the
sample subjected to single-cell sequencing stained with this antibody cocktail? If so, how concordant
are the percentages when comparing the two methodology?

7. Line 138 to 140: The chosen representation makes it very difficult to assess if cells from each
sample contribute equally to each cluster. A more quantitative representation would be preferable,
e.g. a stacked barplot showing the number of cells per cluster according to their sample of origin.

8. Line 171 to 179: In Figure 2C, shouldn’t significance be assessed using a Fisher’s exact test on
count data rather than a Student’s t test on proportions? In Figure 2D, is that really a probability
density represented given than most values > 1? Please clarify legend of Figure S2E. No mention of
Figure S2F in the main text.

9. To what extent are clonal B cells shared between patients? This could give a hint with regard to
which type of antigens might be recognized by TIL-B.

10. Line 222 to 225: Why are the author considering IL-10+ B cells as negative (Figure S7)? What is
the reported frequency of regulatory B cells? According to that number, how many cells of this type
are to be expected in this dataset? Does that fit with the number of positive cells? Besides, could the
author probe other markers of regulatory B cells. [PMID: 28248202] to reinforce their finding? Any
hypothesis concerning their absence/non-detection?

11. Line 274 to the end: The Discussion says relatively little about the role of TIL-B in anti-tumor
immunity but mostly focusses on what could be done on the remaining datasets.

Reviewer #3 (Remarks to the Author):

Hu et al. used paired BCR-seq and scRNA-seq to profile infiltrating B cells in triple negative breast
cancers. The author mentioned that “While it has been well accepted that T cell mediated adaptive
cellular immunity plays important roles in immune response for tumors, the roles of B cells in tumor
development and therapy, both positive and negative, have been only proposed recently and are
still mostly controversial”. Their goal is to gain mechanistic insights into the origin and dynamics of
tumor infiltrated immune cells, especially B cells, from this study. However, the analysis on both
scRNA-seq and B cell repertoire is rudimentary, thus did not provide much new insights on these
questions at all.

Major concerns:

1. Fig. S1 had a lot more non-TNBC samples compared to TNBC samples. What if author increase the
sample size on TNBC, would they still be able to make the claim that hCD20+ B cells was significantly
higher in TNBCs than in other breast cancer subtypes?

2. They reported that of 33,596 B cells where BCRs can be assembled, there are 5,951 and 16,485 B
cells containing a single productive IgH allele for BC and PBMC samples. Because of allelic exclusion
on IgH, this basically means that 67% B cells are indeed single B cells, while 33% B cells are non-
singleton, which is really high. This is really high, especially, after doublet filtering step. They did not
offer any explanation or discussion on this at all.

3. From Fig. 3D, they “found that memory B cells contribute mostly for the IgH BCR clonal trees in
TNBC samples, suggesting extensive SHM in those infiltrated memory B cells happening inside



tumor.” | am afraid that authors are mixing several concepts here. Contributing to BCR clonal trees
does not necessarily mean that they have extensive SHM. They haven’t shown any comparison on
SHM in different sub-set of B cells between two anatomical locations, BC and PBMC.

4. Looking at Fig. 3D and Fig. 4D., | am puzzled by the legend. Fig. 3D showed that Bmem and Bmem
has the highest overlapping cells. Judging by the legend, this should be around 14380 cells. But the
Fig. 4D showed that overlapping between two Bmem sub-sets could reach 28808. This doesn’t make
sense. In addition, they indicated earlier that only 22,436 cells are with single productive IgH allele.
So, they used other cells, what could have more than one productive allele for it? If the total 33,509
B cells also include cells without IgH but only IgL detected, then what are their criteria for germline
comparison?

5. “lasma cells (C11) have the highest percentage of cells with the same IgH allele within clusters in
both TNBC and PBMC, suggesting their clonal proliferation.” Do they suggest plasma cells can
proliferate or they had been proliferated?

6. They rushed to make a suggestion that CD1chigh B memory cells could be the major direct
progenitor cells of these B cells in TNBC based on the observations that they have the most shared
the same IgH with other B cell clusters. “the most hared the same IgH” doesn’t make sense.

7. Most of their gene expression analysis, at most, define some B cell subsets. A lot of the functional
changes were ignored. Also, they claimed that “most of TNBC infiltrated B cells, except germinal
center B cells, (FigS8), are quiescent.” Just using cell cycle gene to classify B cell quiescence is an over
simplification.

8. For the rare cell populations, such as C12 germinal center B cells, how many patients did they
observe this from? There seems inconsistence between Fig. 4A and Fig. S6 on this population. If they
only observe this a subset of patients, then | don’t think they can draw the conclusion that tumor
harbor germinal center structure. In addition, this conclusion need additional evidences and
supports, which are lacking.

9. They barely discussed C2 naive B cells and the differences between C1 naive before jumping to
use gene signature to correlate survival. In addition, how do these correlations compare to
correlations based on T cell gene signatures?

10. Another problem with this paper is that they did not provide any insights into the origin and
dynamics of infiltrated immune cell, especially B cell in tumors or more specifically TNBC, which are
what they set out to do.

Other problems:
The paper will be benefited from a language editing. In addition, many of the figures miss detailed
figure captions.



Reviewer #1(Remarks to the Author):

Authors describe single cell sequencing on an impressive number of CD45+ TIL from 10
primary breast cancers wtih PBMC, the majority of which are TNBC, with a couple of
Luminal and one HERZ BC.

They show B cells are really the minority population and focus on B cells, but a vast
number of cells are profiled in this work which are not really commented on.

Analysis is largely focused on the B cell population in the TNBC population.

If data are publicly available (both tumor and TIL and TCR/BCR sequences), it will be
an excellent resource for other investigators

Unclear what the main message is, the paper is largely descriptive

Ma jor

1. Can they make comments on the comparison on the luminal and HER2 B cell populations?

Discussion on the heterogeneity in the other immune cells must be made as well

We added more analysis and comments on the luminal and HER2 B TIL-B cells in comparing
with TNBC B cells.

In FigS1B, we split the non-TNBC tumor samples into HER2BC, LABC, and LBBC. The TIL-
B cell numbers in TNBC were significantly higher than other subtypes.

In FigS5, we demonstrated that the infiltrated B cells in LABC and HER2BC tumors also
showed similar BCR (IgH) phenotypes as in TNBC tumors.

The B cell percentages in CD45" cells for TNBC and non-TNBC tumor samples were similar,
ranging from 9% to 51% in TNBC and 5% to 30% in non-TNBC(P value=0.78, Student’s two-
tailed, t-test) (FiglC and Table S3).

In FigS13, we added B cell subgrouping analysis results for LABC7-9 and HER2BC10
samples. The B cell clusters annotated in TNBC patients were used as reference and B cells
from LABC and HER2BC samples were mapped to the reference based on transcriptional
similarity using scmap (Kiselev et al., 2018). Most of the LABC and HER2BC B cells
resembled annotated B cell clusters in TNBC (FigS13A,C). Similar as in TNBC, B cells
infiltrated in LABC and HER2BC were mostly memory B cells, whereas PBMC samples
contained more naive B cells (FigS13B,D). We also did subject clustering analysis using
scaled percentage of 13 B cell subgroups as showed in Figure below, and we did not put the
clustering result in the manuscript as more samples were needed to detect stable and clear
clustering pattern.

We also checked the naive B cell and memory B cell signature genes’ expression and survival
association in other BC subtypes in METABRIC dataset. As expected, higher expression of
the naive B cells and B memory cells gene signatures in TNBC than other BC subtypes was
observed, while association with better prognosis was not observed in other BC subtypes
(FigS17, TableS10).



In revised manuscript, we discussed the heterogeneity of B cells and other immune cells.
“For example, the percentages of B cells in tumor samples varied between 4.6-50.5%, with
an average of 22.1%. T cells and NK constituted 21.4-73.7%(average 46.2%) and 0.5-
5%(average 2.6%), respectively.”

2. Are these B cells clusters different from the other TNBC? What about the percentage

of B cells as well as mutation frequency.

| assume the reviewer was asking similar question about the analysis of non-TNBC samples
(LABC and HER2BC) as above.

The infiltrated B cells in non-TNBC tumors also showed similar BCR (IgH) phenotypes,
including somatic hypermutation rate and clonality as in TNBC tumors (Fig2 and FigS5).

3. Why was exome sequencing preformed? Was there some sort of neoantigen prediction?
Did more mutations/antigens correlated with more B/T cells? Title implies such analysis
was made.

Were any of these BRCA germline mutated?

One of the major reasons we performed the exome sequencing was to confirm those tumors
were true TNBCs. Originally, as the reviewer mentioned, we would like to perform the
neoantigen prediction and correlate it with BCR and/or TCR clones. Unfortunately we could
not predict reliable neoantigens reliably so far from our data. More importantly, more works
will be required to functionally confirm those neoantigens and correlate them to their true
BCRs, which would be far beyond current manuscript. Therefore, we decide to remove the
exome sequencing part from the revised manuscript now.



From the exome sequencing results, TNBC5 has a germline splice site mutation in BRCA2
(hg19, chr13:32950930, T>A, HET). No other BRCA mutation was detected in other TNBC
patients.

4. How is a resident memory B cell defined/ distinguished? I believe these are relatively

newly defined. It is a big call. So I would urge more caution.

Thanks the reviewer to point this out.

We mentioned those tumor-resident memory B cells in line 190-192. Primarily we mean the
memory B cells which are resident in the TNBC tumors. Those cells share some
characteristics with the recently defined mouse lung resident memory B cells (BRM cells) (Allie
et al., Nature Immunology 2019, Palm and Henry, Front Immunol. 2019). For example, they
had clonal BCRs that did not significantly overlap with circulating B cells in peripheral blood.
They also had higher BCR clonality. On the other hand, in normal breast tissues, there were
almost no B cells detected. These results suggested that those TNBC infiltrated memory B
cells might develop and differentiate within tumors. However, to completely confirm they are
indeed BRM cells, in contrast to circulating memory B cells, further works are necessary.
Therefore, we modified the sentence to clarify. We added more discussion on this too in
revised manuscript.

5. Line 291: “Our results also suggested the existence of functionally active germinal

)

centers in TNBC tumor tissues.” What supports functionally active?
Those germinal center B cells expressed high level of AICDA, MKI67, and proliferation gene
signature (FigS10E).

6. can the prognostic gene signatures be compared to T cell signhatures?

We compared our B cell signatures with T cell signatures. As shown in Fig S16, we added
CD3G, CD8A, and Trm signature (Savas et al., 2018, Nature Medicine), and compared their
HR scores and P values with B cell signatures. The Trm signature showed the best HR scores,
followed by Bmem, B naive, and CD8A. P values of CD3, CD19, and CD20 were not
consistently significant among different analysis (OS/DFR, Univirable /Multivirable).

Minor
1. odd that the TNBC patients are graded mainly grade 2. Can they give the TIL level
of infiltration in TablelA as per previously defined method

(www. tilsinbreastcancer. org)

The H&E sections were double-checked by other pathologists and were confirmed that those
TNBC tumors were indeed mainly grade 2.



We used the method reviewer recommended to calculate the TIL levels. The results were
added in Fig 1A.

2. Line 117 says 9 pairs of samples were subjected to 5’ 10x sequencing. There on only

8 described here. Pls reconcile.

We corrected this mistake. In line 117, “TNBC2-5" should be “TNBC2-6".

3. Line 282. Pls add reference to support this “which might be due to the heterogeneity

of both breast cancer patients and B cell subtypes”

We added references in revised manuscript.

4. Fig S5 is hard to read

We modified the FigS5 and added more details in figure legend. In the revised manuscript,
FigS5 was moved to FigS8

Reference
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Reviewer #2 (Remarks to the Author):

In this article, Hu Q. et al. aim to better define the molecular characteristics of
tumour—infiltrating B cells and plasma cells (TIL-B) in breast cancer. To this end,
they used the 10X Genomics platform to obtain (i) single—cell gene expression data and
(ii) single—cell T-cell/B-cell receptor sequences (TCR/BCR) from the immune infiltrates
(CD45+) and matched peripheral blood mononuclear cells (PBMCs) of 10 breast cancer
patients (n = 6 for triple—negative [TNBC], n = 3 for laminal A and n = 1 for HER2-
positive); although most of the paper is focused on 5 TNBC cases. By comparing those
two datasets, they argue that, in TNBC, tumor—infiltrating B cells are likely to be
involved in tumor control as they show the characteristics of antigen—activated mature
and memory B cells and plasma cells. In an attempt to generalize their findings, they
used B-cell gene signatures derived from their single—cell gene expression data to
perform survival analysis on larger publicly available datasets for breast cancer
(METABRIC and TCGA) and other cancer types (TCGA) and argue that such signatures have

a better prognostic value than single B-cell markers, in particular CD19 or CDZ20.

Strengths:

1. Compared to T cells, TIL-B are a vastly understudied immune cell type in the tumour
microenvironment; therefore, the subject matter is of interest and likely importance
2. They applied a state—of—-the—art method (scRNA-seq) to a relatively large sample set
(by today’ s standards), and obtained matched transcriptome, TCR and BCR data.

Major issues:

1. The paper lacks any major discoveries. It is well established in breast and other
cancers that TIL-B-derived BCRs exhibit hallmarks of antigen recognition, including
class switching, somatic hypermutation, and clonal expansion. Thus, the BCR data is
largely confirmatory. Their finding of (possibly) 13 molecularly defined subsets of
TIL-B is somewhat novel; however, the authors’ treatment of this is superficial and

does not go beyond what is already known from the literature

We partially agree with reviewer’'s comments. Honestly speaking, we are very confused with
the “major discoveries” the reviewer is expecting. Indeed, most of, if not all, current sc-seq
analyses on human tumor samples are largely descriptive and confirmative, such as the
several studies on TIL-Ts in various human cancers, which just published in major journals in
last a few years. But, here we performed the first comprehensive single-cell analysis on TIL-
B, which provides a foundation for further studies on B cell tumor immunology, which would
be broadly appreciated.

In the revised manuscripts, following reviewers’ suggestions, we have done much deeper
analysis and included more discussions for the potential origin and functions of TIL-Bs.



2. In general, the paper lacks adequate discussion and citation of the literature.
Although TIL-B are understudied, there are nonetheless dozens of other papers in breast

and other cancers that have relevant information yet were not mentioned by the authors

Thanks reviewer’s suggestion! We now included more discussions and cited more previous
TIL-B studies.

3. Almost nothing is said about T cell phenotypes, despite this data being available
It would be interesting to see if TIL-B are associated with particular subsets of T
cells, such as Tfh.

We analyzed the T cell phenotypes but so far could not find significant correlations of particular
subsets of T cells (including Tfh) with TIL-B, which likely due to the limited sample numbers
in current study. Therefore we did not include those analyses in the current manuscript.

4. In addition to the single—cell sequencing datasets, the authors report whole—exome
sequencing data that were used to infer the mutational landscapes of the 6 TNBC cancer
cases. Germline and somatic mutations are reported in Table S3, while subsequent
analyses on those sets of mutations are reported in Figure S2. However, those two
elements are only mentioned in passing (line 129) and add very little to the overall

story.

We removed the whole-exome sequencing part from the revised manuscript.

5. The manuscript has many grammatical issues and would benefit from careful editing.

Now we carefully revised the whole manuscript.

Other issues:

1. In the Methods section, the following points should be addressed:

a. Line 365 to 387: Please describe more clearly the procedure to identify and filter
germline and somatic mutations. Command lines are useful but require prior knowledge
of the software used. It would be helpful to add a sentence explaining briefly what
has been done and report the command line in brackets. Detail what are ExAC ALL and
ExAC EAS, sift score and polyphen score and why such filtering is applied

b. Line 389 to 401: there are no viability markers in the ‘Reagents and antibodies’
section (starting line 330). How was viability inferred? Trypan blue only? FSC/SSC
profile? The gating strategy should be provided as a Supplementary Figure

c. Line 403 to 422: Report code used to filter data. Rather than using ‘gene UMI
count vs. cell barcode matrix’ or the ‘UMI cell barcode matrix’ (line 426) use the
dedicated terminology (in the field: gene expression matrix or UMI count matrix, 10X

Genomics: feature-barcode matrix) and provide a brief explanation of what this is



d. Line 424 to 440: Provide source code. Is there a reason why the authors decided to
focus on the top 10 CCs?

e. Line 442 to 464: Provide the source code. Did the authors find cells with both BCR
and TCR sequences? If so, in what proportion? What are those cells? Doublets that
escaped the filtering process? Or real double positive cells?

f. For the FindCluster function, is it ascceptable to arbitrarily set the resolution
parameter and compare results? Shouldn’ t there be an optimal resolution parameter for
each dataset? One way to estimate it might be to evaluate how the amount of
redundancy between each cluster’ s marker genes (Table S4 and S5) varies as a
function of the resolution parameter. I would expect that over-resolution would
result in highly redundant marker genes. This might be worth exploring especially
since the authors report very small (and atypical) clusters that could be ‘noise’
(C9, Cl12, C11 and Cl13 on Figure 4).

g. Line 466 to 486: Provide custom scripts used in this analysis and more details
about the process. Why did the authors only focus on the heavy chain (IgH)? What
about kappa and lambda? What is the frequency of cells with two productive IgH
rearrangement? Are those cells more likely to be doublets than the others or is that
a real signal?

h. Line 502 to 516: descriptions and associated heatmaps are very unclear (Figure 3D
and Figure 4D). What is a germline vs V(D)J event? What is plotted against what in
those heatmaps? Where are the PBMC/TNBC heatmaps? Since the signal is symmetrical, it
might be worthwhile to plot only half of those heatmaps.

i. Line 518 to 524: why use two methods to quantify cell cycle if filtering is only
done using results from the Seurat function? Are those algorithms giving the same

status for most of the cells? How were the threshold defined?

We revised the method section according to reviewer's comments:
a. We removed the whole-exome sequencing part.

b. We added the gating strategy in Fig S1A. We used FSC/SSC and also DAPI staining to
exclude dead cells. We added this in the method section.

c. We modified the method part according to reviewer’s suggestions. We used the dedicated
terminology ‘feature-barcode matrix’, and a brief explanation ‘the number of UMIs
associated with a feature (row) and a barcode (column)’ in the revised manuscript. All of
the source codes needed to repeat the cell filtering, grouping, marker gene define and
BCR related analyses can be downloaded from the GitHub
(https://github.com/huqingtao2018/B-cells-scRNAseq-in-BC).

d. We add the source code in the GitHub (https://github.com/huqgingtao2018/B-cells-
scRNAseg-in-BC). The CC number was determined by inspecting the results of
DimHeatmap of Seurat package. Then we use CalcVarExpRatio to calculate the



percentage of variance explained by the 10 CCs for each cell. There were 94.24% cells
with 50% or more variance explained when CC10 was used. We included this in the
revised method part.

We add the source code in the GitHub (https://github.com/hugingtao2018/B-cells-
scRNAseg-in-BC). 1,195 BCR and TCR double positive cells were detected, which were
4.5% of all BCR positive cells or 2.7% of all TCR positive cells. They had significantly more
UMIs than BCR single-positive cells, TCR single-positive cells, and BCR-negative/TCR-
negative cells, suggesting they were B cell and T cell doublets (FigS3A, FigS3C).

The resolution parameter was not set arbitrarily. We first projected canonical B cell related
markers (CD20, IGHD, CD27, and CD38) onto tSNE plot to visualize the expression
pattern. Naive B cell (CD20*CD38'CD271GD"), memory B cells (CD20"CD38 CD27"), and
plasma B cells (CD20°CD38") could be well separated in the tSNE plot (FigS6). Parameter
res0.1 of FindCluster function can cluster cells into 4 groups, and 3 of them fit the marker
projection of naive, memory, and plasma B cells in the tSNE plot. The other group is
marked by CD14* expression. Then we made a general description of the B cells under
parameter res0.1 in Figure3. In addition, switched memory B cells and non-switched
memory B cells could be well separated (FigS7B).

To define an optimal resolution parameter is challenging for unsupervised clustering
method of single-cell RNA-seq data. There is no consensus on the correct methods for
selecting the resolution of clustering(Kiselev VY et al., 2019, Nat Rev Genet). As we were
interested in uncovering more B cell subtypes in this dataset, we increased the resolution
to 0.6, 0.8, and 1 and checked the grouping results. In resolution 1, GC B cell
(CD20"BCL6+) group with only 43 cells could be well clustered. For the GC B cell group,
they were detected in 4 of the 5 TNBC tissues, and AICDA was highly expressed there,
indicating they were functionally active GC B cells (FigS10E). In addition, we observed Tfh
cell populations in the same TNBC samples (data not shown). We also observed TLS
structures by CD3 and CD20 IHC in all 6 TNBC patients (FigS10F). All of these results
suggested this small group of GC B cells was not ‘noise’ in our dataset and parameter
resolution 1 could give reliable clustering result for this small group. Then we checked the
marker genes for each of the 13 groups under this resolution in order to define more B cell
groups. We could annotate all of them according to marker gene expression patterns in
Fig4B. We add more details in the method part for resolution selection.

We also tried to evaluate how the amount of redundancy between each cluster’'s marker
genes varied as a function of the resolution parameter (From resolution 0.1 to 3 by a step
of 0.1). As expected by the reviewer, we could see that at resolution 0.1 the relative
numbers of redundant marker gene to total numbers of marker gene were the lowest and
at resl it's around 25%.
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g. We added more details in revised manuscript method part and added the code in the
GitHub (https://github.com/huqingtao2018/B-cells-scRNAseq-in-BC). Contigs of IgH, IgK,
and IgL were assembled from the BCR libraries. But IgK and IgL contig assembling rates
were significant lower than IgH contigs (data not shown). Since the diversity of IGH is
sufficient for most antibody specificities, we only used sequences of IgH to include more
B cells into further analysis (Xu JL et al., 2000, Immunity). Cells with multiple productive
IgHs were detected (~14%) and removed before further analysis. They had significantly
more UMIs than single productive IgH B cells, suggesting that they were B cell doublets
(FigS3A and FigS3B).

h. We are very sorry we did not clearly describe the heatmaps. We updated the method part
for ‘Paired BCR and single-cell RNA sequencing data analyses’ with more details in the
revised manuscript. We use ‘same IgH’ in the revised manuscript, instead of same V(D)J
event (an example figure was showed below).

For a same germline event between two B cell clusters, it means there were two clonally
related B cells (with the same germline), and one cell was from B cell clusters in rows and
the other cell was from B cell clusters in columns of the heatmap.

To plot Fig3D and Fig4D, the same germline events between two B cell clusters were
calculated using all clonally related B cells belonging to these two B cell clusters. First,
one same germline event was counted for the two B cell clusters for any two clonally
related B cells. Then the sum of the same germline events between two B cell clusters
was normalized by dividing cell numbers of these two clusters in order to compare among
those B cell clusters with different cell numbers. The normalization method was

N N ) : .
Nnormalized = Na XN—B % 10,000, where Nnomaized IS the normalized value showed in

Fig3D and Fig4D; N is the same germline event numbers between cell cluster A and cell
cluster B; Na and Ng are the cell numbers of the cell cluster A and B.

The same germline event could be grouped into PBMC (when two cells were both from
PBMC samples), TNBC (when two cells were both from TNBC samples), or across
PBMC/TNBC (when one cell was from TNBC samples and the other cell was from PBMC
samples). The same IgH heatmap was drew in the same way as the same germline,



except the same IgH numbers were counted only when the two clonally related B cells
have exactly the same observed IgH sequence, instead of sharing the same germline
sequence. We did not show the PBMC/TNBC heatmaps in the manuscript, since the
event numbers were low.

The signal was symmetrical. We plotted the whole heatmap in the manuscript to show
the diagonal values more clearly, which represented intra-cluster same germline and
intra-cluster same IgH event numbers.

We used two different algorithms to evaluate the proliferation state to make the result more
reliable. The first algorithm used 53 cell cycle related genes to calculate the proliferation
score and it reported one proliferation score for each cell (Li H et al., 2018, Cell). The cutoff
of proliferating was defined by bimodal distribution as described in Li et al., 2018 paper.
The second algorithm used 43 G1/S related genes and 54 G2/M related genes in Seurat
package to calculate proliferation score. It reported two scores (g1 score and g2m score)
and cell cycle phase (G1, S, or G2M) for each cell. The cutoff of phase assign was modified
from previous report (Rodda LB et al., 2018, Immunity). When the G1/S score<=0.1 and
G2/M score <=0.1, it was defined as G1 phase. When the G1/S score>0.1 and >G2/M
score, it was defined as S phase. When the G2/M score>0.1 and >G1/S score, it was
defined as G2/M phase. As shown in FigS15, the two algorithms showed similar results
that C12 GC B cell was actively proliferating. The following figure showed the distribution
of proliferation scores from the first algorithm for cells with different cell cycle phase by the
second algorithm. G2M cell state by the second algorithm showed the higher proliferation
score by the first algorithm. For G1 phase and S phase, the two algorithms did not fit well.
Two algorithms got similar results for G2M phase cells, but not for G1 and S phase cells.
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2. In the Figure Legends (starting line 536 - add header to this section), the authors
should mention the methodological details required to understand each figure panel or
at least refer to the associated Methods section. Also, please mention the statistical
test used to assess significance. Finally, describe what is represented (e.g., what is

represented by the box and whiskers in your box plots?).

We added details as reviewer suggested in the revised manuscript.

3. Line 107-108: the authors argue that TNBC contains more tumor—infiltrating B
lymphocytes than other breast cancer types. Given than tumor architecture can
drastically vary from one patient to another, is that really fair to normalize by
initial tumor weight? Why not normalize by the total number of relevant cells (live
tumor + immune cells)? Is it possible to split the “‘Non—-TNBC’ category into the
different breast cancer subtypes and perform the adequate statistical test? Of note,
given the non—normal distribution of both samples, a Wilcoxon rank sum test (unpaired,

two—sided) might be more appropriate that a Student’ s t test

We used Lymphoprep to enrich the lymphocytes before FACS analysis. Therefore we have to
normalize by tumor weight, which has been also frequently used by others.

We splited the non-TNBC tumor samples and used Wilconxon rank sum test as suggested in
revised FigS1B.

4. Line 109 to 116: are the samples submitted to single—cell sequencing part of the 14

samples presented in Figure S1? If yes, please highlight the samples sent to sequencing
on this Figure. Are TNBC 1 to 6 the outliers on that box plot?
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We highlighted those samples in FigS1 as suggested. TNBC1-6 were not outliers on the box
plot.

5.In Figure S2A, what were the rules applied to select the cancer-related genes? How
was the analysis presented in Figure S2C performed? There is no mention in the

Methods section and no conclusion is drawn from it in the main text
We deleted the whole-exome sequencing part in the revised version.

6.Line 134 to 138: in the ‘Reagents and antibodies’ section (Methods, starting line
330), the authors mention that they used the antibodies recognizing the following
markers: CD45 (immune cells), CD56 (NK cells), CD11b (monocyte/macrophages), CD3 (T
cells), CD20 and CD19 (B cells). Were the sample subjected to single—cell sequencing
stained with this antibody cocktail? If so, how concordant are the percentages when

comparing the two methodology?

The FACS antibodies for CD45 (immune cells), CD3 (T cells), CD20 and CD19 (B cells) were
used for the samples subjected to single-cell sequencing. The antibodies for CD56 and CD11b
were used only for some test experiment samples. We removed CD56, CD11lb FACS
antibodies from “reagents and antibodies” section.

We compared results obtained by FACS and single-cell sequencing for T cell group, B cell
group and the rest cell as one group. Overall, the correlations between two methodologies
were good for T cell, B cell, and the rest cell (spearman correlation r values were 0.59, 0.59,
and 0.38 respectively). T cell frequencies were significantly higher in scRNA-Seq than in flow
cytometry (Student’s two-tailed, paired t-test, P=0.00046).

7.Line 138 to 140: The chosen representation makes it very difficult to assess if cells
from each sample contribute equally to each cluster. A more quantitative representation
would be preferable, e.g. a stacked barplot showing the number of cells per cluster

according to their sample of origin.

We added the stacked barplots as reviewer suggested in Fig S2C, FigS7C, and FigS10C.
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8.Line 171 to 179: In Figure 2C, shouldn’ t significance be assessed using a Fisher’
s exact test on count data rather than a Student’ s t test on proportions? In Figure
2D, is that really a probability density represented given than most values > 1°?

Please clarify legend of Figure S2E. No mention of Figure S2F in the main text

For Figure 2C, we used Fisher's exact test on count data but we did not describe it in the
legend. Now we have updated it in the revised version.

Fig2D is a smoothed version of the histogram by kernel density estimate. Histograms before
smoothing were shown below. There are 140 and 190 clones in TNBC and PBMC tissue
respectively (73 clones with both TNBC and PBMC cells were not included in this analysis).
The mutation frequency of a clone was calculated as the average of mutation frequencies of
all sequences in that clone. We added more details in figure legends.

We added more description to legend of FigS2E. Figure S2F showed example clonal trees
with TNBC cells only, PBMC cells only and both TNBC and PBMC cells. We mentioned this
figure in the revised manuscript. In the revised manuscript, FigS2 was moved to FigS4.

9.To what extent are clonal B cells shared between patients? This could give a hint

with regard to which type of antigens might be recognized by TIL-B.

In our data, none of the clonal B cells were shared between patients.

10.Line 222 to 225: Why are the author considering IL-10+ B cells as negative (Figure
S7)? What is the reported frequency of regulatory B cells? According to that number,
how many cells of this type are to be expected in this dataset? Does that fit with the
number of positive cells? Besides, could the author probe other markers of regulatory
B cells. [PMID: 28248202] to reinforce their finding? Any hypothesis concerning their

absence/non-detection?
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While numbers of publications have suggested different markers for Bregs (such as IL-10—
producing CD24"CD38" B cells, CD24"CD27* B cells (B10), CD38*CD1d*IgM*CD147*GrB*
B cells, CD27™CD38" plasmablasts, and CD19*TIM1* B cells), IL-10 is the only one accepted
widely in the field without controversy. It also is proposed that Bregs regulate other immune
cells mainly by secretion of IL-10.

The estimated percentages of Bregs have been reported in HCC (10% of all B cells, Xiao X
et al., 2016, Cancer Discovery), in lung cancer (11% of B cells, Lizotte PH et al., 2016, JCI
Insight), and in gastric cancer (~10% of B cells, Wang WW et al., 2015 Oncotarget). If breast
cancers have the same percentage of Breg as those types cancers (around 10%), we would
expect to observe a Breg cluster with ~863 cells (out of 8,632 B cells in TNBC tissues and
PBMC tissues) or ~252 cells (out of 2,526 B cells in TNBC tissues). However, we could not
detect them in our data. The smallest TIL-B subgroup (germinal center B cells, C12) we could
well detected in current studies was about 0.5% of total TIL-Bs.

By analyzing macrophages and monocytes that also express IL-10 (FigS12), we ruled out the
possibility that technical limitations of single cell sequencing might lead to inefficient detection
of IL-10 expression in B cells. In addition, those a few IL-10 expressing B cells could not form
distinct cluster separating from the rest of B cells. Moreover, we could not find negative
association between the gene expression signatures of any B cell subgroups with prognosis
of TNBC patients. Therefore, we are confident that IL-10 expressing B cells (Bregs) were
absence in our TNBC samples.

We also checked GZMB and PD1, other potential Breg markers. Their expressions could be
well detected in NK cells and/or T cells, but we could not identify specific GZMB- or PD1-
expressing B cell populations (FigS12)

The presence of Bregs might be tumor specific and/or stage specific. However, such
hypothesis is too preliminary to be discussed in current manuscript.

11.Line 274 to the end: The Discussion says relatively little about the role of TIL-B
in anti—tumor immunity but mostly focusses on what could be done on the remaining

datasets.

As the reviewer suggested, we included more discussions about the roles of TIL-B in anti-
tumor immunity. We believe that the whole large dataset we generated in this study may
benefit others significantly.
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Reviewer #3 (Remarks to the Author):

Hu et al. used paired BCR-seq and scRNA-seq to profile infiltrating B cells in triple
negative breast cancers. The author mentioned that “While it has been well accepted
that T cell mediated adaptive cellular immunity plays important roles in immune response
for tumors, the roles of B cells in tumor development and therapy, both positive and
negative, have been only proposed recently and are still mostly controversial” . Their
goal is to gain mechanistic insights into the origin and dynamics of tumor infiltrated
immune cells, especially B cells, from this study. However, the analysis on both scRNA-
seq and B cell repertoire is rudimentary, thus did not provide much new insights on

these questions at all.

Major concerns:

1.Fig. S1 had a lot more non—TNBC samples compared to TNBC samples. What if author
increase the sample size on TNBC, would they still be able to make the claim that hCD20+

B cells was significantly higher in TNBCs than in other breast cancer subtypes?

We splited the non-TNBC samples to different subtypes. As shown in FigS1B, the TNBC
samples still had significantly more CD20+ cells than luminal and HER2 BCs. This result is in
consistent with published results (Cimino-Mathews A et al., 2016, Hum Pathol; Mahmoud SM
et al., 2012, Breast Cancer Res Treat). The TNBC samples are more difficult to be collected
since only 20% or less BCs are TNBC. It will take us at least several months to increase the
sample size on TNBC for this confirmative experiment.

2.They reported that of 33,596 B cells where BCRs can be assembled, there are 5, 951
and 16,485 B cells containing a single productive IgH allele for BC and PBMC samples
Because of allelic exclusion on IgH, this basically means that 67% B cells are indeed
single B cells, while 33% B cells are non—singleton, which is really high. This is
really high, especially, after doublet filtering step. They did not offer any

explanation or discussion on this at all

We are very sorry that we did not clearly state all cell numbers after various filtering steps in
previous version. Now we added a summary in FigS3A and more detailed descriptions in
method part. There were 33,509 cells with UMI>=2 in BCR libraries. The sequencing reads
for those cells were assembled into contigs by Cell Ranger VDJ pipeline and then were
annotated by mapping to IMGT database. 26,401 of them contained IgH contigs. Among them,
there were 26,172 cells with productive IgH, and 22,436 (86%) of them had single productive
IgH. For the 14% multiple productive IgH cells, significantly more UMIs were detected
(FigS3B), indicating they were doublets. We removed them before further analysis.

3.From Fig. 3D, they “found that memory B cells contribute mostly for the IgH BCR
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clonal trees in TNBC samples, suggesting extensive SHM in those infiltrated memory B

” 1 am afraid that authors are mixing several concepts

cells happening inside tumor.
here. Contributing to BCR clonal trees does not necessarily mean that they have extensive
SHM. They haven’ t shown any comparison on SHM in different sub-set of B cells between

two anatomical locations, BC and PBMC.

Thank reviewer for pointing this out and we agreed with reviewer's comments. We modified
this in the revised manuscript. We added the comparisons as reviewer suggested in FigS9.
Indeed, both in PBMC and TNBC samples, SHM frequencies of Bmem and Plasma B cell
were significantly higher than that of naive B cells. Overall, SHMs of B cells in TNBC were
higher than in PBMC, except that plasma cells had higher SHM in PBMC than in TNBC. We
add this into the revised manuscript (FigS9).

4.Looking at Fig. 3D and Fig. 4D., I am puzzled by the legend. Fig. 3D showed that Bmem
and Bmem has the highest overlapping cells. Judging by the legend, this should be around
14380 cells. But the Fig. 4D showed that overlapping between two Bmem sub-sets could
reach 28808. This doesn’ t make sense. In addition, they indicated earlier that only
22,436 cells are with single productive IgH allele. So, they used other cells, what
could have more than one productive allele for it? If the total 33,509 B cells also
include cells without IgH but only IgL detected, then what are their criteria for

germline comparison?

We are very sorry that we did not clearly describe the heatmaps. The legend represented
same germline event numbers or same IgH sequence event numbers normalized by cell
numbers of cell groups in the rows and columns of the heatmaps (an example figure was
showed below). As we used a constant value of 10,000 for normalization, the numbers in the
heatmaps could be larger than cell numbers sometimes. We clarified the confusion for how
we calculated the numbers and how we did the normalization in the revised method part for
‘Paired BCR and single-cell RNA sequencing data analyses’. We only analyzed single
productive IgH B cells, and we removed B cells without IgH but had only IgL detected before
analysis.
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5. “plasma cells (C11) have the highest percentage of cells with the same IgH allele
within clusters in both TNBC and PBMC, suggesting their clonal proliferation.” Do they

suggest plasma cells can proliferate or they had been proliferated?

The plasma cells showed the lowest proliferation scores among all B cell groups (FigS10E),
suggesting that they had been proliferated but not were proliferating.

6. They rushed to make a suggestion that CD1chigh B memory cells could be the major direct
progenitor cells of these B cells in TNBC based on the observations that they have the most shared
the same IgH with other B cell clusters. “the most hared the same IgH” doesn’ t make sense.

We removed this speculation/hypothesis in revised manuscript.

7. Most of their gene expression analysis, at most, define some B cell subsets. A lot of the
functional changes were ignored. Also, they claimed that “most of TNBC infiltrated B cells, except
germinal center B cells, (FigS8), are quiescent.” Just using cell cycle gene to classify B cell
guiescence is an over simplification.

We performed deeper analyses and added more discussions in revised manuscript.
We changed the statement in the revised manuscript as ‘On the contrary, most of TNBC
infiltrated B cells, except germinal center B cells (FigS15), were not actively proliferating.’

8. For the rare cell populations, such as C12 germinal center B cells, how many patients did they
observe this from? There seems inconsistence between Fig. 4A and Fig. S6 on this population. If
they only observe this a subset of patients, then | don’ t think they can draw the conclusion that
tumor harbor germinal center structure. In addition, this conclusion need additional evidences and
supports, which are lacking.

We observed the C12 germinal center B cells in 4 of 5 TNBC samples (FigS10C and TableS8
in the revised manuscript). Those germinal center B cells expressed AICDA and proliferation
marker genes significantly (FigS10E). In addition, we also observed Tfh cell populations in the
same TNBC samples (data not shown). All of these results are suggesting the existence of
the potential tertiary lymphoid structures containing germinal center B cells in TNBC, which
have been observed in various tumors including TNBCs (Colbeck et al., 2017, Frontiers in
immunology; Dieu-Nosjean et al., 2014, Trends in immunology). We also observed TLS
structures by Immunohistochemistry (IHC) using CD3 and CD20 in all of the 6 TNBC patients
(an example IHC result was shown in FigS10F).

For the inconsistence, we add detailed information for Fig4A in FigS10 in the revised version
of manuscript. FigS6 contains the detailed information for Fig3. In the revised manuscript,
FigS6 was moved to FigS7

Three articles published in Nature recently (Petitprez F et al., 2020, Nature; Cabrita R et al.,
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2020 Nature; Helmink BA et al., 2020, Nature) demonstrated that B cells and tertiary lymphoid
structures could be associated with better outcomes when individuals undergo
immunotherapy. Our results provide experimental tools and cellular and molecular
mechanisms to understand the roles of B cells and TLS in cancer.

9. They barely discussed C2 naive B cells and the differences between C1 naive before jumping
to use gene signature to correlate survival. In addition, how do these correlations compare to
correlations based on T cell gene signatures?

Thanks for the reviewer to point this out. We compared the expression level of genes between
C1 naive B cells and C2 naive B cells. C1 cells were Nur77 (NR4A1) positive, and they had
BCR activated (marked by Fos/Jun expression), suggesting that they might be anergic naive
B cells which are similar as anergic T cells. On the other hand, C2 cells were classic naive
cells (Zikherman J et al., 2012, Nature; Tan C et al, 2019, J Immunol). The expression of top20
differentially expressed genes (ranked by Fold Change) were selected and showed as
heatmap below.

As the reviewer required, we compared our B cell signatures with T cell signatures. As shown
in Fig S16, we added CD3G, CD8A, and Trm signature(Savas et al., 2018, Nature medicine),
and compared their HR scores and P values with B cell signatures. The Trm signature showed
the best HR scores, followed by Bmem, B naive, and CD8A. P values of CD3, CD19, and
CD20 were not consistently significant among different analysis (OS/DFR, Univirable
/Multivirable).
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10. Another problem with this paper is that they did not provide any insights into the origin and
dynamics of infiltrated immune cell, especially B cell in tumors or more specifically TNBC, which
are what they set out to do.

We performed deeper analyses and added more discussions in revised manuscript.

Other problems:

1. The paper will be benefited from a language editing. In addition, many of the figures miss
detailed figure captions.

Now we carefully revised the whole manuscript and also added more details for figures and
legends.
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REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

manuscript is much improved.
Please make sure the genomic data is really available to other researchers.

Reviewer #2 (Remarks to the Author):

The revised manuscript is significantly improved, and many of my concerns have been addressed.
The narrative is generally easier to follow. A major strength of the manuscript continues to be the
focus on TIL-B, given these cells are largely understudied. In addition to presenting their scRNAseq
data, the authors now provide an excellent summary of the relevant TIL-B literature. However, some
concerns remain:

1. As mentioned in my first review, the study still lacks any major discoveries. As the title suggests, it
really is an 'atlas' of single cell sequencing data. As such, the impact of this work could be short-lived,
given its reliance on a new technical platform.

2. The study could be strengthened by including a reasonably in-depth histological analysis of
matched tissues. For example, the authors infer that some samples contained tertiary lymphoid
structures, but they did not confirm this histologically. The stromal TIL scores in Fig 1 are inadequate
to resolve such questions.

3. Figures 3D and 4D are difficult to understand. What do the X and Y axes represent? The
description in the text (lines 199-202) is very confusing.

4. In general, the linkages between the transcriptomic and BCR data are underdeveloped. With
deeper analysis, it seems there is an opportunity to learn much more about how TIL-B responses are
initiated and mature in tumor tissue.

5. As mentioned in the first reviews, the lack of description/discussion of other immune cell types is
a major shortcoming of this study. The authors have data for the entire CD45+ compartment, yet
only discuss TIL-B. The study could be greatly improved by describing this additional data, as it would
provide physiological context for the TIL-B results. For example, they mention that Tfh cells were
found, but what about other CD4 and CD8 phenotypic subsets?

6. The english writing is significantly improved, however the article still requires extensive editing.

Reviewer #3 (Remarks to the Author):

The authors addressed most of my concerns in the revision. However, just using CD3 and CD20
antibodies in IHC staining is not enough to define TLS structures. Please tone down the conclusion on
this part. Also, the positions of some of the symbols (the three highest points for TNBC and HER2
groups) in Figure S1B seems higher from what were included in the first version while the baseline
seems dropped to close to 0 where it was close to 10,000. The authors should explain these changes.



Reviewer #4 (Remarks to the Author):

Here Hu et al present a single-cell atlas of tumour infiltrating B cells from breast cancer patients.
Cells are profiled for transcriptome, BCRs and TCRs (although the latter is not considered in this
study). The authors compare the tumour infiltrating B cells with circulating ones and argue that
these profiles have prognostic value. Through functional analyses the various mechanisms for how B
cells contribute to the immunogenic response are proposed. The authors present a rich dataset on B
cells from both PBMCs and tumours and characterize the various sub-populations. Based on the
discovery of naive and memory B-cell signatures, they show that it is associated with increased
survival rates in cancer patients. They also investigate data from other cancers to present evidence
that the same type of TIL-B cells are likely found in other tumour types as well.

| have the following major concerns:

1) I am a little bit concerned about the batch correction procedure. First of all, did you look at PCA
and tSNE plots prior to batch correction to evaluate to what extent it was needed in the first place?
Second, what is the motivation for merging all 20 samples? By merging samples from PBMCs and
tumours of different types, then you are essentially eliminating any differences due to real biological
differences. | can understand that you would want to merge the TNBC samples from different
patients, but why merge them with the LABCs? | think that the authors need to take more care here,
motivate why the mergers were done in the way they were, and make sure that important biological
differences were not eliminated.

2) For Fig 2A (and other similar plots), have you corrected the p-values for multiple hypotheses?

3) What test was used for Fig 2B? Please report magnitude of effect as well. Non-germline switched
(middle panel) look very similar, yet are reported as significantly different

4) On line 155 it is claimed that the mutational spectrum are similar between PBMCs and TILs.
However, from fig S4D, it looks like the two densities are significantly different. Could the authors
please clarify this discrepancy?

5) It is not clear to me why a t-test was used for figure 2D and why the smoothed densities are
plotted. Why not plot the CDFs instead and use a K-S test to test for differences?

6) The authors need to use an appropriate statistical test to back up the claim that the distribution
between the B-cell clusters are different between TNBCs and PBMCs (line 214).

Minor issues:
On line 547 it is reported that the doublet rate is estimated at 14%. How does this compare to the
rate estimated from the transcriptome analysis? If it differs by a lot, could the authors comment on

why this might be the case?

*line 125 “nature killer” -> natural killer
*line 142 “in rest of analysis” -> in the rest of the analysis



*line 149, 188 agree -> agreement
*line 155 spectrums -> spectra
*line 496, 498, define X%

*line 503 remained -> retained
*line 538 analysis -> analyses



Reviewer #1 (Remarks to the Author):

manuscript is much improved

Please make sure the genomic data is really available to other researchers

We have deposited all sequencing data of this manuscript in BIG Data Center, Beijing Institute of
Genomics, Chinese Academy of Sciences (https://bigd.big.ac.cn/gsa) with accession number
CRA002400 for scRNA-seq data and CRA003047 for WES data. Following the instruction of
Ministry of Science and Technology (MOST) in China, data of human genetic resources must be
put on record before it can be released to the public. We have successfully submitted our
application to MOST, and sent all our data by express package to them for review, together with
various necessary documents. We are expecting to get their approval soon.

Reviewer #2 (Remarks to the Author):

The revised manuscript is significantly improved, and many of my concerns have
been addressed. The narrative is generally easier to follow. A major strength of
the manuscript continues to be the focus on TIL-B, given these cells are largely
understudied. In addition to presenting their scRNAseq data, the authors now
provide an excellent summary of the relevant TIL-B literature. However, some

concerns remain:

1. As mentioned in my first review, the study still lacks any major discoveries.
As the title suggests, it really is an ‘atlas’ of single cell sequencing data.
As such, the impact of this work could be short—lived, given its reliance on a

new technical platform.

We partially agree with reviewer’s comment. However, the atlas of TIL-B single cell sequencing
data in this study provides a foundation for further studies on B cell tumor immunology, which
would be broadly appreciated.

2. The study could be strengthened by including a reasonably in—depth
histological analysis of matched tissues. For example, the authors infer that
some samples contained tertiary lymphoid structures, but they did not confirm
this histologically. The stromal TIL scores in Fig 1 are inadequate to resolve

such questions.

Thanks reviewer’s suggestion! To confirm the tertiary lymphoid structures histologically, we
conducted immunohistochemistry using CD20, CD3, CD21, and PNAd antibodies and multiplex
immunofluorescence for CD20/CD3/CD21 and CD20/CD3/Ki67 in the revised manuscript (Fig
s12).

3. Figures 3D and 4D are difficult to understand. What do the X and Y axes

represent? The description in the text (lines 199-202) is very confusing.



We are very sorry that we did not clearly describe it in previous manuscript. The X and Y axes
represent different B cell clusters, and the intersections between X and Y axes represent the
shared B cell clones (same germline panel) within the same B cell cluster or between the two B
cell clusters, or the shared B cell clones with exactly the same IgH sequence (same IgH panel)
within the same B cell cluster or between the two B cell clusters. To describe it more clearly, we
updated the text in the revised manuscript with “in TNBC infiltrated B cells, memory B cells had
the most clones which share the same inferred IgH germline, and plasma cells had the most
clones with the same detected IgH sequence”.

4. In general, the linkages between the transcriptomic and BCR data are
underdeveloped. With deeper analysis, it seems there is an opportunity to learn

much more about how TIL-B responses are initiated and mature in tumor tissue.

Indeed, this was what we initially expected and also had extensively tried. However, we found
that much larger sample size might be necessary to get reliable and conclusive results. This might
be relatively easier in mouse models.

5. As mentioned in the first reviews, the lack of description/discussion of other
immune cell types is a major shortcoming of this study. The authors have data
for the entire CD45+ compartment, yet only discuss TIL-B. The study could be
greatly improved by describing this additional data, as it would provide
physiological context for the TIL-B results. For example, they mention that Tfh
cells were found, but what about other CD4 and CD8 phenotypic subsets?

Thanks reviewer’s suggestion! We analyzed the paired T cell single-cell RNA sequencing and TCR
sequencing data and added FigS25-S30 in the revised manuscript. Related results were also

added as supplementary text.

6. The english writing is significantly improved, however the article still

requires extensive editing.

We carefully polished the whole manuscript again and marked those updated part in red color.



Reviewer #3 (Remarks to the Author):

The authors addressed most of my concerns in the revision. However, just using
CD3 and CD20 antibodies in IHC staining is not enough to define TLS structures

Please tone down the conclusion on this part. Also, the positions of some of the
symbols (the three highest points for TNBC and HER2 groups) in Figure S1B seems
higher from what were included in the first version while the baseline seems
dropped to close to 0 where it was close to 10,000. The authors should explain

these changes.

To confirm the tertiary lymphoid structures histologically, we conducted immunohistochemistry
using CD20, CD3, CD21, and PNAd antibodies and fluorescent multiplexed
immunohistochemistry for CD20/CD3/CD21 and CD20/CD3/Ki67 in the revised manuscript (Fig
s12).

Thank you very much for pointing this out. We made a mistake during format conversion of
Figure S1B. As showed in resource data excel uploaded along with manuscript, the baseline was
close to 0 and the biggest value was 35,382. We updated Figure S1B in the revised manuscript.



Reviewer #4 (Remarks to the Author):

Here Hu et al present a single—cell atlas of tumour infiltrating B cells from
breast cancer patients. Cells are profiled for transcriptome, BCRs and TCRs
(although the latter is not considered in this study). The authors compare the
tumour infiltrating B cells with circulating ones and argue that these profiles
have prognostic value. Through functional analyses the various mechanisms for
how B cells contribute to the immunogenic response are proposed. The authors
present a rich dataset on B cells from both PBMCs and tumours and characterize
the various sub—populations. Based on the discovery of naive and memory B-cell
signatures, they show that it is associated with increased survival rates in
cancer patients. They also investigate data from other cancers to present
evidence that the same type of TIL-B cells are likely found in other tumour types

as well.

I have the following major concerns:

1) I am a little bit concerned about the batch correction procedure

First of all, did you look at PCA and tSNE plots prior to batch correction to
evaluate to what extent it was needed in the first place?

Second, what is the motivation for merging all 20 samples? By merging samples
from PBMCs and tumours of different types, then you are essentially eliminating
any differences due to real biological differences. I can understand that you
would want to merge the TNBC samples from different patients, but why merge them
with the LABCs? I think that the authors need to take more care here, motivate
why the mergers were done in the way they were, and make sure that important

biological differences were not eliminated

We checked tSNE plots prior to batch correction. In the tSNE plot, cells mostly clustered together
according to the scRNA-sequencing library batches (left panel), even for the same cell types (right
panel), indicating that batch effect was detected and batch correction was needed.

To compare the composition of canonical immune cell types among all types of breast cancers,
we merged all 20 samples in Fig 1B with very low clustering resolution. We agree with that
differences could be eliminated by batch correction, especially when define of small cell



populations is necessary. Instead of merging different tumor types together, we only merged
TNBC samples for the following B cell analyses to prevent eliminating important biological
differences.

2) For Fig 2A (and other similar plots), have you corrected the p-values for

multiple hypotheses?

We did not correct p-values for multiple hypotheses in Fig2A, Fig3C and FigS11, since this has not
been done in other publications (such as Zheng et al. Cell 2017, Sathe A et al. Clin Cancer Res
2020 and Oh DY et al. Cell 2020) too.

Indeed, as shown in the following table, some of the p-values were not statistically significant
after such corrections. Therefore, in the revised manuscript, we described the differences more
carefully and did not emphasize “significantly”.

P P-adjust(FDR)

lgM 0.04 0.12

Fig 2A gD 0.12 0.16
lgG 0.06 0.12

IgA 0.5 0.5

Naive 0.02 0.04

Fig3C Bmem 0.03 0.04
Plasma 0.25 0.25

CD14 0.01 0.04

C1 0.0048 0.04

c2 0.13 0.21

c3 0.98 0.98

Cca 0.47 0.56

c5 0.07 0.15

C6 0.01 0.04

FigS11 c7 0.03 0.10
c8 0.62 0.67

c9 0.1 0.19

C10 0.22 0.30

Cc11 0.23 0.30

C12 0.04 0.10

C13 0.0084 0.04

3) What test was used for Fig 2B? Please report magnitude of effect as well.
Non—germline switched (middle panel) look very similar, yet are reported as

significantly different

We used student t-test for Fig 2B. The cell numbers and average mutation frequencies *
standard deviation were shown in the following table. Although the Non-germline switched
(middle panel) look very similar (6.39%+3.45% VS 6.73%+3.45%, with magnitude of
TNBC/PBMC=0.95), the T-test p value is 0.0023 and wilcoxon test p value is 0.00367 for it. We
added the following table to the source data of Fig 2B.



All B cells Non-germline switched Non-germline non-switched

Tissue TNBC PBMC TNBC PBMC TNBC PBMC
Cell number 3695 8037 1689 2246 1265 2238
Magnitude TNBC/PBMC=1.76 TNBC/PBMC=0.95 TNBC/PBMC=1.27

Mut_freq 5.43%%3.59% 3.08%13.79% 6.39%13.45% 6.73%+%3.45% 4.84%12.96% 3.81%1%3.04%

4) On line 155 it is claimed that the mutational spectrum are similar between
PBMCs and TILs. However, from fig S4D, it looks like the two densities are
significantly different. Could the authors please clarify this discrepancy?

In Fig S4D, the heatmap showed similar mutational spectrum between B cells from PBMCs and
TNBCs. The p-values were listed below, and there were no significant difference between TNBC
and PBMC for all of the mutation types except G->T (p=0.02, two-tailed paired Student’s t-test).
We changed the sentence on linel55 to “overall, there was no significant difference between
TNBC and PBMC for all of the mutation types except G->T” (line 161 in the revised manuscript)

TNBC2Z TNBC3 TNBCA TNBCS TNBCE PBMC2 PBMC3I PBMCA PBMCS PBMCE P
AU 6B28% T790% 6.76% 7.2T%  T.55% 6.56%  BA%  T.74%  7.17%  6.96% 0.70
A->G13.28% 14.30% 12.19% 14.31% 13.78% 13.58% 14.87% 12.05% 14.22% 13.30%  0.87
A->T B.53% 7.39% 7.15% 7.29% 7.64% 748% B5TH  693% 6.%4% 7.1%% 0.59
C-=A 352% 3.61% 409 295% 3.01% 3.28% 3.10% 3.05% 291% 3.30% 0.24
C-»G 7.35% B.09% 7.97% 671% 6.43% 7.23% 7.14% 656% 7.09% 7.22% 0.56
C->T 15.33% 14.87% 16.37% 15.05% 16.35% 15.26% 15.91% 15.15% 15.13% 14.92%  0.52
G->A 16.86% 13.66% 15.12% 16.44% 16.60% 17.23% 15.70% 16.51% 16.61% 16.20% 0.18
G->C 12.69% 12.62% 11.93% 11.61% 11.99% 12.36% 12.02% 12.94% 11.65% 12.98% 0.55
G->T 3.90% 3.57% 4.26% 3.55% 4.16% 4.16% 4.01% 4.78% 3.79% 4.20% 0.02
T-=A 3.08% 291% 4.78% 3.28% 2.84% 2.65% 3.13%  3.33% 3.29% 3.15% 0.45
T-=C 7.00% 7.41% 550% 7.62% 6.63% 6.43% 7.48% 7.85% 7.34% 7.01% 0.52
T-»G 4.17% 3.67% 3.49% 3.91% 3.02% 3.78% 357% 3.10% 3.87% 3.56% 0.68

5) It is not clear to me why a t—test was used for figure 2D and why the smoothed
densities are plotted. Why not plot the CDFs instead and use a K-S test to test

for differences?

Thanks reviewer’s suggestion! We used K-S test (p= 3.98 x 10*) to test the differences instead of
t-test in the revised manuscript. We also tried CDFs as below. We followed the similar format
(Meng et al. 2017, NBT) to show that B cell clones in TNBCs had more mutations than clones in
PBMCs in Fig 2D.



6) The authors need to use an appropriate statistical test to back up the claim
that the distribution between the B-cell clusters are different between TNBCs
and PBMCs (line 214).

We claimed that the average percentages of different B cell subgroups were different between
TNBCs and PBMCs, and we used t-test to back up this (FigS11). We also noticed that some B cell
groups in TNBCs (C7, C8, C9, C10, and C11) showed larger variation than PBMCs (Fig 4C). As this
observation is preliminary, we revised the main text as “The composition of those B cell clusters
was different between tumor and PBMC samples”

Minor issues:
On line 547 it is reported that the doublet rate is estimated at 14%. How does
this compare to the rate estimated from the transcriptome analysis? If it differs

by a lot, could the authors comment on why this might be the case?

The estimated doublet rate for the transcriptome data was around 7% in our study, calculated
based on the reported doublet rates for libraries with various cell numbers [Grace X.Y. Zheng et
al., 2017, Nat Commun].

The doublet rate was estimated at 14% for our BCR data. However, this higher doublet rate might
be caused by our stringent cutoff to remove all possible doublets. To remove potential doublet
as clean as we can, we discarded nearly all B cells detected with multi-productive IgH alleles. In
fact, some of cells with multi-productive IgH alleles might be caused by full length IgH allele
assemble algorithm using short sequencing reads.

*line 125 “nature killer” -> natural killer

*]ine 142 “in rest of analysis” -> in the rest of the analysis
*line 149, 188 agree —> agreement

*line 155 spectrums —> spectra

*line 496, 498, define X%

*line 503 remained —> retained

*line 538 analysis —> analyses

Thanks for the reviewer to point them out. We corrected them in the revised manuscript. We
carefully revised the whole manuscript again and marked those updated parts in red color.

In revised manuscript, we define the X in a more straightforward way, “where X was inferred as
X=(0.000879*N+0.702)*0.01*N with linear fitting using the 10x platform data from
supplementary Fig 1a 35, where N represents the cell number detected by Cell Ranger”
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REVIEWERS' COMMENTS
Reviewer #2 (Remarks to the Author):

While this manuscript is significantly improved over the prior two versions, it still lacks any major
discoveries that significantly advance our understanding of TIL-B in human cancer, or our
understanding of the general immunobiology of breast cancer. It is well established that breast
tumors harbour TIL-B and that TNBC are "hotter" than other breast ca subtypes. Moreover, most
studies to date agree that TIL-B are prognostically favourable in breast cancer. While this atlas of
molecular profiles of TIL-B will undoubtedly be of use to the community at large (along with similar
data from other single cell seq studies), the field has moved beyond the stage where simply
reporting single-cell sequencing data alone is sufficient justification for publication in high impact
journals.

Reviewer #3 (Remarks to the Author):

Authors have addressed my concerns.

Reviewer #4 (Remarks to the Author):

The authors have addressed all of my comments and in addition they have substantially improved
the writing, making the manuscript a much more pleasant read.



Reviewer #2 (Remarks to the Author):

While this manuscript is significantly improved over the prior two versions, it
still lacks any major discoveries that significantly advance our understanding of
TIL-B in human cancer, or our understanding of the general immunobiology of breast
cancer. It is well established that breast tumors harbour TIL-B and that TNBC are
“hotter” than other breast ca subtypes. Moreover, most studies to date agree that
TIL-B are prognostically favourable in breast cancer. While this atlas of molecular
profiles of TIL-B will undoubtedly be of use to the community at large (along with
similar data from other single cell seq studies), the field has moved beyond the
stage where simply reporting single—cell sequencing data alone is sufficient

justification for publication in high impact journals.

We partially agree with reviewer’s comment. However, the atlas of TIL-B single cell sequencing
data in this study provides a foundation for further studies on B cell tumor immunology, which
would be broadly appreciated.



