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Reviews transferred from Review Commons

Review #1

1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

Wang and colleagues present a very detailed, high quality paper describing
phenotyping, transcriptional, epigenetic and functional differences between NK cells
and ILCs in human peripheral blood. They overlay these studies which descriptions of
differences in these populations in healthy and HIV infected (viremia, ART-treated,
controllers), extending a their previous 2020 study.

Overall, this paper serves as an important resource for the field. There are areas in
which the manuscript could be modified to improve clarity and detail regarding rigor.

My comments below are all addressable and therefore I class them all as 'major’.

1. The authors describe ILCs as being "'permanently deleted' in HIV infection. As
written, this can be misinterpreted to suggest complete ablation of this cell subset.
This is clearly not the case. Moreover, there looks to be some restoration of ILCs in
ART-treated participants. I suggest revising text to quantify the level of cell loss or
replace the word deleted with reduced.

2. The HIV EC are not clearly discussed in the paper and are not distinguished from
viremic controllers. If ILCs are permanently reduced in this group, what does this
suggest for the role of this cell subset in HIV control? Plasticity between ILC and NK
cells is described. Is this plasticity relevant at all for HIV control, elite or otherwise?
3. The authors write that ILCs have a primary role in cytokine secretion and then
distinguish the ILCs from NKs....but NKs also secrete cytokines. Can the authors
please clarify their text?

4. Discussion (an also Results) - The authors use pseudotime analysis to show that
CD56+NK cells sit between the ILCs and CD56-NKs. When initially described in the
Discussion they don't really interpret this in terms of their (and others' observations)
that CD56-NKs are increased in disease. Other groups have suggested CD56-NKs are
dysfunctional. Here you show different granzyme profiles between CD56+ and CD56-
NKs. Elsewhere you distinguish CD56dim and CD56- NKs in terms of functionality
in HIV+ donors, though these cells cluster on the pseudotime analysis. The IL-2 and
CD4+ T cell data add another layer of complexity.

- a. Altogether, I am unclear on the authors' interpretation of their collective data.

- b. Can you please clarify whether you are suggesting that CD56dimNKs are a
distinct from CD56+ NKs but functional as opposed to CD56-NKs that are



dysfunctional?

- ¢. Are CD56-NKs end-stage or can they be rescued?

- d. CD8 T cell number remain high post ART and very much drive the ongoing
inverted CD4:CD8 ratio. Have the authors consider how and if the need of these cells
for IL-2 impact recovery of NK cell populations?

5. Discussion: It would be very helpful if the authors can pull this large volume of
data together in a summary paragraph and possibly also a graphic.

6. "Thus, GZMK+CD8+T cells appear to be the adaptive counterpart of CD56hiNK
cells, representing an intermediate state between cytokine producing CD4+T cells and
cytotoxic CD8+T cells" For me, the 'cytokine-producing CD4+ T cells' comes from in
from left field here. Can the authors please clarify or was the intent to write cytokine-
producing CD8+ T cells?

7. Methods: Were Pearson correlations applied because of the large 'n' or were data
first tested for normality?

8. Methods: Please clearly justify the use of t-tests throughout the manuscript rather
than non-parametric based tests.

9. Methods: How many cells were acquired in flow cytometry? How many ILCs were
acquired in healthy/HIV+ donors for these studies? Did this create limitations on
interpretation of phenotypic data?

10. Methods: How was the cytokine concentrations used for in vitro assays
determined?

11. Figure: In Figure 4A, should it be +ILC- " or '+ILC' (no negative symbol)?

12. It's unclear from you single cell analysis how many cells were acquired for each of
the 4 subsets. [ assume less ILCs were analyzed. If so, can you please clarify for the
non-bioinformatician how your bioinformatic analysis took these differences into
account?

2. Significance:

Significance (Required)

Overall, this paper serves as an important resource for the field.

There are areas in which the manuscript could be modified to improve clarity and

detail regarding rigor (see above). The overall message of this work for understanding
HIV pathogenesis is unclear but can be addressed.

3. How much time do you estimate the authors will need to
complete the suggested revisions:



Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Less than 1 month

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

Yes

Review #2

1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)
**Summary:**

This manuscript makes use of RNA sequencing, ATAC-Seq and single cell
sequencing to compare transcriptomes and identify relationships between various
ILC/NK cell subsets in blood from uninfected controls. The authors describe
differences in genes and pathways between subsets and determine that CD56high NK
cells are an intermediate-connecting cell type between ILC progenitors and CD56dim
NK cells. The authors show how HIV infection (viremic, ART+ or controllers) effect
ILC/NK cell gene expression and pathways. One of the genes enhanced in NK cells is
AREG which the authors demonstrate to be upregulated in IL/NK subsets in response
to PMAI/I stimulation or stimulation with IL-2 or IL-15. The authors demonstrate that
TGFB1 or knockout of RUNX3 modulates the frequency of AREG+ NK cells,
implicating the Wnt signaling pathway in AREG regulation. Authors show that in


https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/

PLWH, the frequency of AREG+ NK cells is altered. Authors also report that with
HIV infection there is an increase in CD56neg NK cells with corresponding loss of
CD56dim cells. Using healthy control PBMCs, the authors suggest differentiation of
CD56dim into CD56neg is prevented by CD4 T cell production of IL-2 but promoted
by TGFBI. Also in healthy controls, the authors run metabolomics to describe how
CD56dim are more metabolically functional than CD56neg and link this to MTOR
activity.

**Major:**

- Which population(s) of NK cells (high, dim or negative for CD56) are responding to
stimulation with IL-2 and IL-15 by upregulating AREG in Figure 5? Does this NK
population have higher expression of receptors for I[L-2 and IL-15 (in single cell seq
data or by flow) and if so how does receptor expression change in PLWH?

- Does signaling through IL-2 or IL-15 converge on the TCF7/Wnt signaling
pathway? For example, is it possible to knockdown TCF7 then stimulate with IL-2 or
IL-15 and measured AREG+ cells with the idea that loss of TCF7 would result in
reduced cytokine-induced activation of AREG if mediated through the Wnt pathway?
- In Figure 8 the authors demonstrate that CD4 T cells promote the maintenance of
CD56dim NK cells likely through production of IL-2. Was AREG expression
examined in these studies and if so could you conclude that CD4 T cells also promote
AREG expression in this population?

- In Figure 8D, although significant, the increase in percentage from 2-4% of the
CD56neg 1s a minimal change. Could a higher dose of IL-2 be tested to see more
substantial changes? Similar comment for Figure 10D, although significant, the
increase in percentage from 2-4% of the NK population to CD56neg is not a large
change with rapamycin. Could a higher dose be tested (that does not kill the cells) or a
different inhibitor be used to see more substantial changes? More robust changes
would strengthen the conclusions.

- In Figure 10, was the increase in pmTOR with IL-2/IL-15 stimulation specifically
observed in CD56dim cells (rather than total NK cells or CD56neg cells)? This would
strength the conclusion that CD56dim is more metabolically functional than
CD56neg.

**Minor**

- Approximately how many ILC from PLWH were submitted for single cell
sequencing: Since this cell population was depleted in HIV+, was there a sufficient
number of cells to interpret/publish DEG results in Figure 4?

- On page 13 of text, it is a bit disconcerting to jump to Figure 7 then back to Figure 4.
Would recommend reorganizing text or figure panels to flow better.



- Supplemental Figure 1 and 2: Dots for ILC population are purple in color but legend
is mislabeled as pink color.

- Supplemental Figure 4: Dots for HIV+ controller are purple in color, but legend is
mislabeled as pink in color.

- Would recommend adding quantification of Figure 5A for all donors tested.

- Figure 5B for IFNg it appears that part of the positive population is not gated on and
thus percentages are likely higher if the gate is adjusted.

- For Figure 5F, need to add to text and panel that PMA/I was used to stimulate as
described in figure legend. Current figure and text read that the Wnt agonist alone was
responsible for levels depicted in NK subsets.

- On the x-axis of Figure 6F-J does "Lin-TBX21+" refer to Total NK cells? If so then
would recommend sticking with nomenclature "Total NK" as in Figure 6A-B.

- Would recommend labeling gates for populations of interest in Supplemental Figure
5B-C, Supplement Figure 6A, Figure SA.

- Other groups have shown that CD56neg are increased in HIV, functionally impaired
and correlate with loss of CD4 T cells. Would recommend citing their studies.

- Would recommend adding quantification of Figure 8A for all donors tested. Also,
for the 3rd flow plot does "NK+CD4" mean purified NK cells + autologous CD4 T
cells? If so, then would clarify in figure legend. It may strengthen conclusion for IL-
2/IL-15 to show differentiation of NK cells is not contact dependent with T cell via
transwell assay.

2. Significance:
Significance (Required)

This study is valuable because it generates large datasets on the NK/ILC family from
human blood that can be deposited in repositories and of special relevance to the HIV
field because it examine show viral infection (controlled or not) effects these subsets.

The strengths of the study are the cohort of PBMC samples utilized (HIV-, HIV+
viremic, HIV+ ART+ and HIV+ controlled), the multi-omics approach for
transcriptome and epigenetics and the in vitro mechanistic studies identifying key
regulators of NK cell differentiation/function.

The study advances the field "mechanistically” by providing key targets that may be
subject to therapeutic modulation in PLWH such as AREG, IL-2 signaling, IL-15
signaling, Wnt signaling, and mTOR activity (although more work will need to be
done to examine these pathways using PBMCs from HIV+). This study advances the
field "conceptually" by providing large datasets for others to mine if deposited.



The audience for this study "basic research" such as immunologists in the HIV field or
immunologist interested in ILC/NK biology.

My field of expertise is infectious disease (HIV, SARS-CoV-2), basic immunology
(ILC, NK, B cell) and autoimmune disease. Would recommend additional reviewers
for assessment of metabolic genes/pathways in Figure 9-10.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Between 1 and 3 months

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

Yes
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Manuscript number: RC-2022-01810
Corresponding author(s): Jeremy Luban

[Please use this template only if the submitted manuscript should be considered by the affiliate
jJournal as a full revision in response to the points raised by the reviewers.

If you wish to submit a preliminary revision with a revision plan, please use our "Revision Plan"
template. It is important to use the appropriate template to clearly inform the editors of
your intentions.]

1. General Statements [optional]

This section is optional. Insert here any general statements you wish to make about the goal of
the study or about the reviews.

To the Editor,

We thank the reviewers for their generous efforts on behalf of our manuscript. We
were very pleased to see that reviewer #1 considered our manuscript a “very
detailed, high quality paper” that “serves as an important resource for the field.”
And that Reviewer #2 concurred, writing that our manuscript is “valuable because
it generates large datasets on the NK/ILC family from human blood that can be
deposited in repositories”, and that it is of “special relevance to the HIV field
because it examines viral infection effects on these subsets.”

We believe the revisions made in response to the reviewers suggestions have
improved the presentation of our data. Our responses to each reviewer comment
are listed below in bold font. References mentioned here are listed in a
bibliography at the end of this document.Changes to the text are also highlighted
in the manuscript.
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2. Point-by-point description of the revisions

This section is mandatory. Please insert a point-by-point reply describing the revisions that were
already carried out and included in the transferred manuscript.

Reviewer #1 (Evidence, reproducibility and clarity (Required)):

Wang and colleagues present a very detailed, high quality paper describing phenotyping,
transcriptional, epigenetic and functional differences between NK cells and ILCs in human
peripheral blood. They overlay these studies which descriptions of differences in these
populations in healthy and HIV infected (viremia, ART-treated, controllers), extending a their
previous 2020 study.

Overall, this paper serves as an important resource for the field. There are areas in which the
manuscript could be modified to improve clarity and detail regarding rigor.

My comments below are all addressable and therefore | class them all as 'major'.

I. The authors describe ILCs as being 'permanently deleted' in HIV infection. As written, this can
be misinterpreted to suggest complete ablation of this cell subset. This is clearly not the case.
Moreover, there looks to be some restoration of ILCs in ART-treated participants. | suggest
revising text to quantify the level of cell loss or replace the word deleted with reduced.

The reviewer is correct that ILCs are not completely ablated. In response to this
important point we have clarified the text, as follows:

- As indicated on page 5, we have changed the text to, “ILCs are decreased in the
blood and intestinal lamina propria in people living with HIV-1, even after viremia
has been suppressed by antiviral therapy”.

- In the Results on page 13, we have changed the text to “ILCs were decreased in
all subgroups of people living with HIV-1”.

- The text on page 18 was changed to, “The percentage of ILCs in the Lin"CD56~
population decreased from 37.5% in HIV-1~ controls to 7.34% in people living with
HIV-1 who are viremic; the reduction in ILCs was not fully restored by ART
(24.38%) or in spontaneous controllers (18.16%)”

- As indicated on page 26 in the Discussion, we have changed the text to “HIV-1
infection permanently reduces ILCs but not NK cells”.
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II. The HIV EC are not clearly discussed in the paper and are not distinguished from viremic
controllers. If ILCs are permanently reduced in this group, what does this suggest for the role of
this cell subset in HIV control? Plasticity between ILC and NK cells is described. Is this plasticity
relevant at all for HIV control, elite or otherwise?

We thank the reviewer for asking us to clarify these important points in the
manuscript:

Though elite controllers suppress HIV-1 viremia to undetectable levels, ILC
numbers are still decreased in these individuals. Additionally, we do not
detect an inverse correlation between ILC numbers and viremia. Further,
our previous publication showed that ILC reductions in HIV-1 infection
correlate inversely with markers of systemic inflammation, for example
sCD14 (Wang et al, 2020b). Like other people living with HIV-1 infection,
elite controllers have elevated microbial translocation, suggestive of
disturbed gut homeostasis (Brenchley et al, 2006). Some studies have even
reported higher rates of cardiovascular disease in elite controllers,
presumably as a result of higher levels of systemic inflammation (Crowell
et al. 2015; Caetano et al. 2022). Taken together, these observations
suggest that ILCs play no direct role in control of HIV-1 replication. These
points are discussed on page 26-27.

The fascinating question of plasticity between ILCs and NK cells is one we
have explored extensively, both in our previous work and in the current
manuscript. Plasticity has been reported between intraepithelial ILC1s and
NK cells from tumor tissue, and between ILC3s and NK cells in tonsil
(Moreno-Nieves et al, 2021; Raykova et al, 2017; Cortez et al, 2017). When
ILC2s are cultured in vitro with IL-12, IFN-y and TBX21 expression are
upregulated to the levels of CD56"NK cell (Lim et al, 2016), indicating
possible plasticity between ILC2 and CD56"NK cells under certain
inflammatory conditions. In HIV-1 infection, we do not detect correlations
between the decrease in ILCs and increase in NK cells. In fact, the total NK
cells did not change in HIV-1* people who are viremic, on ART, or viremic
controllers [(Figure 2A and 2B in (Wang et al, 2020b)]. Our transcriptome
analysis indicates that, during HIV-1 infection, ILCs are likely depleted by
inflammation-induced apoptosis (Figure 41 and Supplemental Table 6).
However, whether blood ILCs (ILCPs or ILC2s) can upregulate TBX21 and
EOMES to give rise to NK cells during HIV-1 infection is an interesting
question worth further investigation. We now discuss the reviewer’s
question on pages 27.


https://paperpile.com/c/wkzZgF/0KYt
https://paperpile.com/c/wkzZgF/NPpM
https://paperpile.com/c/wkzZgF/NPpM
https://paperpile.com/c/wkzZgF/osYj+5Xxr
https://paperpile.com/c/wkzZgF/osYj+5Xxr
https://paperpile.com/c/wkzZgF/0KYt
https://paperpile.com/c/wkzZgF/0KYt
https://paperpile.com/c/wkzZgF/0KYt
https://paperpile.com/c/wkzZgF/RzQG+5jcc+lwWF
https://paperpile.com/c/wkzZgF/Qk8p
https://paperpile.com/c/wkzZgF/0KYt
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lll. The authors write that ILCs have a primary role in cytokine secretion and then distinguish the
ILCs from NKs....but NKs also secrete cytokines. Can the authors please clarify their text?

The reviewer is correct that, in this context, our statement is confusing. We have
therefore deleted the sentence “Typical of cells with a primary role in secretion of
cytokines...” on page 10. This change helps to focus the text on the specific
genes that distinguish these subsets.

IV. Discussion (an also Results) - The authors use pseudotime analysis to show that CD56+NK
cells sit between the ILCs and CD56-NKs. When initially described in the Discussion they don't
really interpret this in terms of their (and others' observations) that CD56-NKs are increased in
disease. Other groups have suggested CD56-NKs are dysfunctional. Here you show different
granzyme profiles between CD56+ and CD56- NKs. Elsewhere you distinguish CD56dim and
CD56- NKs in terms of functionality in HIV+ donors, though these cells cluster on the
pseudotime analysis. The IL-2 and CD4+ T cell data add another layer of complexity.

a. Altogether, | am unclear on the authors' interpretation of their collective data.

b. Can you please clarify whether you are suggesting that CD56dimNKs are a distinct from
CD56+ NKs but functional as opposed to CD56-NKs that are dysfunctional?

It would be best to respond to these two questions together. It is important to
remember that our manuscript describes the characterization of these cells using
several techniques.

- By flow cytometry, NK cells can be separated into CD56", CD56%™, and CD56"*¢
populations (Figure 1F). Pseudotime analysis of our single cell RNA-Seq data
showed that, at the transcriptional level, CD56°™ and CD56™¢ NK cells are very
similar to each other and cluster together (Figures 3A and 3F). Nonetheless, as
compared with CD56%™ NK cells, CD56™¢ NK cells express lower levels of GZMA
and PRF1 (Supplemental Figure 4A), and produce less IFN-y upon cytokine
stimulation (Figures 8H and 8J). And when CD56"°¢ NK cells are sorted and
assessed by Bulk RNA-Seq, which gives deeper coverage than single cell
RNA-Seq, metabolic gene expression is altered with respect to CD56%™ NK cells
(Figure 9).

- Our pseudotime analysis based on single cell RNA-Seq showed that CD56"NK
cells form a distinct cluster, but that they share some transcriptional features with
both the ILC cluster and the CD56“™/CD56 NK cell cluster (Figures 3A-3C and 3F).
- In people living with HIV-1, as assessed by flow cytometry, CD56"9 NK cells
increase in number at the expense of CD56%™ NK cells (Figure 7C). And yes, we
show here that CD56"™¢ NK cells expand in tissue culture if CD4" T cells are
depleted from the PBMCs, and addition of exogenous IL-2 prevents the switch
from CD56“"NK cells to CD56"NK cells (Figures 8A-8C). These points are covered
in the Results and Discussion on pages 11 and page 29-30.
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c. Are CD56-NKs end-stage or can they be rescued?

IL-2 treatment of CD56"NK cells from people living with HIV-1 can be converted
back to CD56“"NK cells, though function is not fully restored to the level of
CD56%™NK cells (Mavilio et al, 2005). In our manuscript, we showed that IL-2 or
IL-15 treatment can prevent CD56Y"NK cells from becoming dysfunctional
CD56°NK cells, and that these cytokines maintain mTOR activity (Figure 8A-D, 8G,
81 and Figure 10). Taking together our data with the published data, CD56"NK cells
appear to be an end-stage dysfunctional cell. Whether conditions can be found
for full restorage of function is an important question that is worth pursuing. This
point is now stated on page 30.

d. CD8 T cell number remain high post ART and very much drive the ongoing inverted CD4:CD8
ratio. Have the authors consider how and if the need of these cells for IL-2 impact recovery of
NK cell populations?

Two orthogonal experiments indicate that IL-2 secreted by CD4"* T cells, but not
from CD8* T cells, is responsible for the recovery of CD56°"NK cells after
treatment with ART. In our ex vivo culture of PBMCs, depletion of CD4" T cells ,
but not of CD8"* T cells, was associated with increased numbers of CD56"NK cells
(Supplemental Figure 6A). Additionally, the IL-2 concentration in plasma from
people living with HIV-1 correlated with CD4" T cell numbers, but not with CD8* T
cell numbers (Figures 8N and 80).

V. Discussion: It would be very helpful if the authors can pull this large volume of data together
in a summary paragraph and possibly also a graphic.

We thank the reviewer for the suggestion. We have now summarized our data in
the discussion (page 31). Additionally, we have added bullet points with a 2
sentence summary to accompany our graphic abstract (page 3).

VI. "Thus, GZMK+CD8+T cells appear to be the adaptive counterpart of CD56hiNK cells,
representing an intermediate state between cytokine producing CD4+T cells and cytotoxic
CD8+T cells" For me, the 'cytokine-producing CD4+ T cells' comes from in from left field here.
Can the authors please clarify or was the intent to write cytokine-producing CD8+ T cells?

To clarify what we meant we need to discuss two points:

First, NK cells can be considered as the innate immune counterparts of CD8'T
cells, in that both cell types are cytotoxic killer cells. In contrast, ILCs may be
considered as the innate counterparts of non-cytotoxic CD4* T helper cells. For
example, like Th1 cells, ILC1 cells are TBX21* producers of IFN-y. And like Th2


https://paperpile.com/c/wkzZgF/8Y1w
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cells, ILC2s are GATA3+ producers of IL-13. The relationship between ILCs and
NK cells is similar to the relationship between CD4'T help cells and CD8"
cytotoxic T cells (Vivier et al, 2018).

Second, previous studies showed that GZMK*CD8'T cells are distinguished from
other CD8'T cells by higher expression of IL7R, TCF7, IFN-y and TNF-a, and by
decreased cytotoxic activity (Jonsson et al, 2022). Thus, the relationship between
GZMK*'CD8'T cells and GZMKCD8'T cells may be similar to the relationship
between CD56"NK cells (GZMK*, IL7R*, TCF7*, higher IFN-y production and lower
cytotoxicity) and cells from the CD56°™ and CD56 NK cell cluster (GZMK", IL7R",
TCF7-, lower IFN-y production and higher cytotoxicity). In response to this
comment we have modified the text on page 25-26 to make these points more
clear.

VII. Methods: Were Pearson correlations applied because of the large 'n' or were data first
tested for normality?

After checking the normality, nonparametric spearman correlation was performed
for panels that failed the normality test. For panels with smaller n, the normality
test may be not applicable, and Pearson correlation was performed.

VIIl. Methods: Please clearly justify the use of t-tests throughout the manuscript rather than
non-parametric based tests.

We tested the normality before performing parametric or nonparametric test. The
t-test, Wilcoxon test or Mann-Whitney test used in our analysis was now specified
for each panel in the legend. For panels that calculate cell percentage or numbers
with smaller n, normality test may be not applicable, t-test was performed as done
previously in these papers, Figure 7C and 7D in (Wang et al, 2020a), and in Figure
3 and 4 in (Xue et al, 2022). We confirmed these analyses with two statisticians in
our institute.

IX. Methods: How many cells were acquired in flow cytometry? How many ILCs were acquired
in healthy/HIV+ donors for these studies? Did this create limitations on interpretation of
phenotypic data?

ILCs constitute roughly 1,000 cells per million PBMCs. To assess ILCs, we
acquired data from 500,000 PBMCs, or roughly 500 ILCs per sample. NK cells
constitute roughly 100,000 cells per million PBMCs, we acquired data from
200,000 PBMCs, or roughly 20,000 NK cells per sample. For each patient group,
whether HIV-1-negative, HIV-1 viremic, etc, we analyzed PBMCs from at least 19


https://paperpile.com/c/wkzZgF/drTm
https://paperpile.com/c/wkzZgF/6eb8
https://paperpile.com/c/wkzZgF/p9jO
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blood donors. This information is now stated in the “Flow cytometry” section in
“Methods”, on page 35.

X. Methods: How was the cytokine concentrations used for in vitro assays determined?

The cytokine concentrations were determined according to previous publication
and our previous studies (Romee et al, 2016, 2012; Wang et al, 2020b; Silverstein
et al, 2022). We have added the related references to the “Stimulation conditions”
section in “Method”, on page 36.

Xl. Figure: In Figure 4A, should it be '+ILC- ' or '+ILC' (no negative symbol)?
Yes, the reviewer is correct. We have deleted the typo “-”.

XIl. It's unclear from you single cell analysis how many cells were acquired for each of the 4
subsets. | assume less ILCs were analyzed. If so, can you please clarify for the
non-bioinformatician how your bioinformatic analysis took these differences into account?

Indeed, we were concerned that we might have too few ILCs and therefore set up
conditions so that similar numbers of each cell type were assessed. To
accumulate enough ILCs for single cell analysis, ILCs were sorted from 3 donors.
ILCs, CD56", CD56%™ and CD56 NK cells were sorted in parallel from the same 3
donors. The sorting strategy is shown in Supplemental Figure 1D. Equal numbers
of ILCs, CD56", CD56%™ and CD56 NK cells were sorted and then mixed together
before library preparation. In total, libraries were generated from 5,210 single
cells using 10 x genomics. 1,478 ILC2s, 897 ILCPs, 1,116 CD56"NK cells, and
1,486 CD56%™ and CD56 NK cells were shown in UMAP. We have added this
information in Figure 3 legend.

Reviewer #1 (Significance (Required)):
Overall, this paper serves as an important resource for the field.

There are areas in which the manuscript could be modified to improve clarity and detail
regarding rigor (see above). The overall message of this work for understanding HIV
pathogenesis is unclear but can be addressed.

We appreciate the reviewer’s efforts on behalf of our manuscript. By carefully
addressing the reviewer’s questions and comments, we believe that the rigor of
our manuscript is improved and that the message regarding HIV-1-induced
abnormalities of ILCs and NK cells are clarified.


https://paperpile.com/c/wkzZgF/YkqV+wjaG+0KYt+G2lb
https://paperpile.com/c/wkzZgF/YkqV+wjaG+0KYt+G2lb
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Reviewer #2 (Evidence, reproducibility and clarity (Required)):

Summary: This manuscript makes use of RNA sequencing, ATAC-Seq and single cell
sequencing to compare transcriptomes and identify relationships between various ILC/NK cell
subsets in blood from uninfected controls. The authors describe differences in genes and
pathways between subsets and determine that CDS6high NK cells are an
intermediate-connecting cell type between ILC progenitors and CD56dim NK cells. The authors
show how HIV infection (viremic, ART+ or controllers) effect ILC/NK cell gene expression and
pathways. One of the genes enhanced in NK cells is AREG which the authors demonstrate to
be upregulated in IL/NK subsets in response to PMAI/I stimulation or stimulation with IL-2 or
IL-15. The authors demonstrate that TGFB1 or knockout of RUNX3 modulates the frequency of
AREG+ NK cells, implicating the Wnt signaling pathway in AREG regulation. Authors show that
in PLWH, the frequency of AREG+ NK cells is altered. Authors also report that with HIV infection
there is an increase in CD56neg NK cells with corresponding loss of CD56dim cells. Using
healthy control PBMCs, the authors suggest differentiation of CD56dim into CD56neg is
prevented by CD4 T cell production of IL-2 but promoted by TGFB1. Also in healthy controls,
the authors run metabolomics to describe how CD56dim are more metabolically functional than
CD56neg and link this to MTOR activity.

Maijor:

» Which population(s) of NK cells (high, dim or negative for CD56) are responding to stimulation
with IL-2 and IL-15 by upregulating AREG in Figure 5?7 Does this NK population have higher
expression of receptors for IL-2 and IL-15 (in single cell seq data or by flow) and if so how does
receptor expression change in PLWH?

We thank the reviewer for these excellent questions. In response, we have added
the new figure below to Supplemental Figure 4E. In general, CD56" NK cells have
higher AREG RNA and protein than do the other NK cell subsets. After IL-2 or
IL-15 stimulation, all three NK cell populations upregulate AREG, though
CD56"NK cells produce significantly higher levels of AREG than do either CD56%™
or CD56"*NK cells.

® CD36-
CD5gdm
@ CD56hi

no stim IL-2 IL-15
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Consistent with the above results, the expression of IL2RB, IL2RG and IL15RA
was higher in CD56"NK cells than in CD569™NK cells (new Supplemental Figure
4F).
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We examined IL2RA, IL2RB, IL2RG, and IL15RA expression in the different NK cell
subsets from the three groups of people living with HIV-1, ART, viremic, and
controllers. As compared with cells from HIV-1-negative people, the only clearly
significant difference for these four genes was a reduction in IL2RB expression in
CD56~ and CD56%™ NK cells from viremic people. These points are now mentioned
on page 15.

* Does signaling through IL-2 or IL-15 converge on the TCF7/Wnt signaling pathway? For
example, is it possible to knockdown TCF7 then stimulate with IL-2 or IL-15 and measured
AREGH+ cells with the idea that loss of TCF7 would result in reduced cytokine-induced activation
of AREG if mediated through the Wnt pathway?

Indeed, this question was very important to us and we attempted to answer it with
lentiviral vector-mediated knockdown with shRNA and with electroporation of
Cas9 ribonucleoprotein complexes (RNPs). Though we were successful in
decreasing TCF7 protein, to render NK cells competent for lentiviral transduction
or for electroporation with the Cas9 RNPs, NK cells must first be cultured for at
least 7 days in high concentration IL-2. This treatment with IL-2 activates AREG
production before TCF7 protein is decreased. These points are now discussed in
the manuscript on page 29.

* In Figure 8 the authors demonstrate that CD4 T cells promote the maintenance of CD56dim
NK cells likely through production of IL-2. Was AREG expression examined in these studies and
if so could you conclude that CD4 T cells also promote AREG expression in this population?

Yes, indeed, CD4'T cells, or IL-2, promote AREG production by CD56“"NK cells.
Depletion of CD4'T cells from PBMCs decreased AREG production and addition
of exogenous IL-2 was sufficient to restore AREG production by NK cells when
CD4* T cells were depleted (see figure below, left panel). Additionally, IL-2
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neutralizing antibodies decreased AREG production by NK cells in total PBMC
cultures (right panel). These results are now included as Supplemental Figure 6G
and 6H in the revised manuscript.
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* In Figure 8D, although significant, the increase in percentage from 2-4% of the CD56neg is a
minimal change. Could a higher dose of IL-2 be tested to see more substantial changes?
Similar comment for Figure 10D, although significant, the increase in percentage from 2-4% of
the NK population to CD56neg is not a large change with rapamycin. Could a higher dose be
tested (that does not kill the cells) or a different inhibitor be used to see more substantial
changes? More robust changes would strengthen the conclusions.

First to clarify, as concerns figure 8D, we believe the reviewer is referring to IL-2
neutralizing antibody, not IL-2. Regarding Figure 8D, which used IL-2 neutralizing
antibody at 4 ug/ml, we tried a higher dose (10 ug/ml) but this caused cell death.
We also tried longer culture time with 4 ug/ml IL-2 neutralizing antibody, and
found the cell viability decreases after 7 days culture. Similarly, the limited in vitro
culture time in the presence of anti-IlL-2 antibody restricted experimental
conditions in Figure 10D.

* In Figure 10, was the increase in pmTOR with IL-2/IL-15 stimulation specifically observed in
CD56dim cells (rather than total NK cells or CD56neg cells)? This would strength the conclusion
that CD56dim is more metabolically functional than CD56neg.

Our data indicate that the mTOR response to IL2 in CD56"NK cells was similar to
that in CD56'NK cells (including CD56%™ and CD56") (see figure below). This
result is consistent with a previous report showing that, when stimulated with
exogenous IL-2, sorted CD56- NK cells become CD56“"NK cells (Mavilio et al,
2005). Our data extend this observation by showing that upregulation of CD56 on
CD56neg NK cells by IL-2 correlates with mTOR upregulation.
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» Approximately how many ILC from PLWH were submitted for single cell sequencing: Since this
cell population was depleted in HIV+, was there a sufficient number of cells to interpret/publish
DEG results in Figure 47

In Figure 4, ILCs were sorted from HIV-1 negative donors and different groups of
PLWH, and then these cells were subjected to bulk-RNA seq using CEL-Seq2. In
Figure 4, for most blood donors, whether HIV-1 negative or PLWH, well over 1,000
ILCs were sorted and used to construct high quality libraries (see figure below,
was included as new Supplemental Figure 3C). PCA plots also showed that all ILC
libraries clustered together as a distinct population (Figure 4A), indicating the
quality of all ILC libraries was comparable.
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* On page 13 of text, it is a bit disconcerting to jump to Figure 7 then back to Figure 4. Would
recommend reorganizing text or figure panels to flow better.

We have deleted the premature mention of Figure 7A.

» Supplemental Figure 1 and 2: Dots for ILC population are purple in color but legend is
mislabeled as pink color.

» Supplemental Figure 4: Dots for HIV+ controller are purple in color, but legend is mislabeled as
pink in color.
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Thank you, these mistakes in the labeling of the colors have been corrected.
» Would recommend adding quantification of Figure 5A for all donors tested.

In fact, the AREG production by CD56", CD56%™, CD56 NK cells and ILCs from
HIV-1 negative donors were quantified in Figure 6A.

» Figure 5B for IFNg it appears that part of the positive population is not gated on and thus
percentages are likely higher if the gate is adjusted.

We thank the reviewer for the suggestion. The gating for IFN-y has been adjusted
in the revised manuscript, as suggested. The original Figure 5B and associated
histogram Figure 5C were replaced accordingly. Please see the newly gated figure
below:
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* For Figure 5F, need to add to text and panel that PMA/I was used to stimulate as described in
figure legend. Current figure and text read that the Wnt agonist alone was responsible for levels
depicted in NK subsets.

We now state that PMA+ionomycin was used to stimulate the cells in Figure 5F
and 5G, and in the text (page 16 and 28).

* On the x-axis of Figure 6F-J does "Lin-TBX21+" refer to Total NK cells? If so then would
recommend sticking with nomenclature "Total NK" as in Figure 6A-B.

The x-axis of Figure 6F-J was changed to “total NK (Lin"TBX21%)”.

* Would recommend labeling gates for populations of interest in Supplemental Figure 5B-C,
Supplement Figure 6A, Figure 8A.

The populations of interest (CD56°"NK, CD56 NK, and ILCs) were labeled as
suggested.

» Other groups have shown that CD56neg are increased in HIV, functionally impaired and
correlate with loss of CD4 T cells. Would recommend citing their studies.

The original manuscript had mentioned only Mavilio et al. The revised manuscript
now has a more complete list of references (Cao et al, 2021; Mavilio et al, 2005;
Cocker et al, 2022; Alter et al, 2005; Barker et al, 2007). These references are cited
in the Introduction (page 5) and in the Results (page 20).

* Would recommend adding quantification of Figure 8A for all donors tested. Also, for the 3rd
flow plot does "NK+CD4" mean purified NK cells + autologous CD4 T cells? If so, then would
clarify in figure legend. It may strengthen conclusion for IL-2/IL-15 to show differentiation of NK
cells is not contact dependent with T cell via transwell assay.

Quantification for all donors in Figure 8A has been added to the revised
manuscript (Figure 8A, right panel). The figure legend has been modified
accordingly. As far as the comment about contact-dependence, the fact that
CD56%™NK cells were maintained by IL-2 in the absence of CD4* T cells
demonstrates that direct contact with CD4"* T cells is not required.

Reviewer #2 (Significance (Required)):

Significance: This study is valuable because it generates large datasets on the NK/ILC family
from human blood that can be deposited in repositories and of special relevance to the HIV field
because it examine show viral infection (controlled or not) effects these subsets.
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The strengths of the study are the cohort of PBMC samples utilized (HIV-, HIV+ viremic, HIV+
ART+ and HIV+ controlled), the multi-omics approach for transcriptome and epigenetics and the
in vitro mechanistic studies identifying key regulators of NK cell differentiation/function.

The study advances the field "mechanistically”" by providing key targets that may be subject to
therapeutic modulation in PLWH such as AREG, IL-2 signaling, IL-15 signaling, Wnt signaling,
and mTOR activity (although more work will need to be done to examine these pathways using
PBMCs from HIV+). This study advances the field "conceptually" by providing large datasets for
others to mine if deposited.

The audience for this study "basic research" such as immunologists in the HIV field or
immunologist interested in ILC/NK biology.

My field of expertise is infectious disease (HIV, SARS-CoV-2), basic immunology (ILC, NK, B
cell) and autoimmune disease. Would recommend additional reviewers for assessment of
metabolic genes/pathways in Figure 9-10.

We were very pleased to see that the reviewer thought our manuscript makes a
valuable contribution to HIV-1 immunology and ILC/NK biology, that it advances
mechanistic understanding of pathogenesis in people living with HIV-1, and that it
provides a valuable data resource.

- In Figure 9, the metabolism related genes were defined as canonical targets of,
or regulated by, MTOR signaling, in previous publications (Saxton & Sabatini,
2017; Bayeva et al, 2012).

- In Figure 10, we used pMTOR, pAKT, p4EBP1, pS6 and CD71 to monitor MTOR
pathway activation as reported previously by others (Margais et al, 2014). We
have cited this paper on pages 23 and 24.
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1st Editorial Decision 18th May 2023

Dear Jeremy,

Thank you for submitting your manuscript to The EMBO Journal. The manuscript was transferred to The EMBO Journal from
Review Commons where the review process was carried out. The manuscript was revised according to the referees' comments
and transferred to The EMBO Journal.

Your revision has now been seen by the two original referees and their comments are provided below. As you can see the
referees appreciate the introduced revisions and support publication here. | am therefore pleased to let you know that we will
accept the manuscript for publication here.

Before, formally accepting the manuscript it needs to be formatted and fitted to EMBO Journal style - we also need source data.
My colleagues Bojana and Hannah (CCed in) will get get back to you within the next week with editorial revision points and a
source data list that need to be dealt with before resubmission.

Once we get the revised version in, we will do the figure checks on the revision.

Just a few comments from my side, | think we should consider having the manuscript marked as a resource paper rather than a
regular article. Resource papers should include a structured Material and Methods section that includes a Reagents and Tools
Table followed by a Methods and Protocols section - see also our Author guidelines.

Can you also take a careful look at the title and abstract, | almost find both too detailed.

Congratulations on a nice study!

Best Karin

Karin Dumstrei, PhD

Senior Editor

The EMBO Journal

Instructions for preparing your revised manuscript:

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https:/bit.ly/EMBOPressFigurePreparationGuideline

See also figure legend guidelines: https://www.embopress.org/page/journal/14602075/authorguide#figureformat

IMPORTANT: When you send the revision we will require

- a point-by-point response to the referees' comments, with a detailed description of the changes made (as a word file).
- a word file of the manuscript text.

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines



(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors
https://www.embopress.org/page/journal/14602075/authorguide#expandedview

Please remember: Digital image enhancement is acceptable practice, as long as it accurately represents the original data and
conforms to community standards. If a figure has been subjected to significant electronic manipulation, this must be noted in the
figure legend or in the 'Materials and Methods' section. The editors reserve the right to request original versions of figures and
the original images that were used to assemble the figure.

Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide

Referee #1:

Summary: This manuscript details differences between NK cells and ILCs in HIV+ individuals (ART+/-, controllers) compared to
healthy controls using a variety of techniques (flow phenotyping, RNAseq, single cell seq, ATAC seq, metabolomics, in vitro
exp). The many differences reported between cells types make this a great asset to the NK/ILC/HIV field.

Opinion: In the revised manuscript the authors have thoroughly addressed the concerns of both reviewers by modifying the text
and adding data to the figures as needed. The manuscript is improved in clarity and rigor. No major or minor concerns remain
from this reviewer.

Referee #2:

The authors have addressed referee comments satisfactorily.

*kk

Rev_Com_number: RC-2022-01810

New_manu_number: EMBOJ-2023-114153

Corr_author: Luban

Title: Global profiling of human blood ILC subtypes reveals that NK cells produce homeostatic cytokine amphiregulin and sheds
light on HIV-1 pathogenesis



Editorial Revision Points
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