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1st Editorial Decision 14th May 2020

Dear Peter,

Thank you for submitting your manuscript to the EMBO Journal. Your study has now been seen by
three referees and their comments are provided below.

As you can see from the comments the referees appreciate that the analysis adds insight into a
role of IL-2 in T cell fate differentiations. Referee #1 feels that the analysis would be strengthened if
analysis using in vivo models could be included but also see that there is a value to the current
dataset. Given the comments provided | would like to invite you to submit a revised manuscript that
takes the raised concerns into consideration. We don't need further in vivo data. I think it would be
helpful to discuss the revisions further and we can do so either via video/phone or email - whatever
you prefer.

When preparing your letter of response to the referees' comments, please bear in mind that this will
form part of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit our website:
https//www.embopress.org/page/journal/14602075/authorguide#transparentprocess

Thank you for the opportunity to consider your work for publication. Looking forward to discussing
the revisions further.

with best wishes
Karin

Karin Dumstrei, PhD
Senior Editor
The EMBO Journal

Instructions for preparing your revised manuscript:

Please make sure you upload a letter of response to the referees' comments together with the
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:
http://bit ly/EMBO PressFigurePreparationGuideline

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/iwww.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.

Further information is available in our Guide For Authors:
https//www.embopress.org/page/journal/14602075/authorguide

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 12th Aug 2020.

Link Not Available

Referee #1:

In this study, Bevington et al measure chromatin accessibility of in vitro activated CD4 T cells and
show that withdrawal of IL-2 results in loss of chromatin accessibility as measured by DNase
hypersensitivity (DHS) with preservation by inclusion of IL-7. Blocking cytokine signaling with the
JAK inhibitor, ruxolitinib, also reduces accessibility, but not as effectively as withdrawal of IL-2. Motif
analysis of accessible regions revealed enrichment of ETS, STAT, and AP-1 motifs. The authors
further show that JunD expression is dependent upon IL-2. Chip-seq analysis shows that STAT5
and JunD broadly bind to all regions of accessibility and are dependent upon IL-2. The authors next
stimulate T blasts cultured with or without IL-2 with PMA/ionomycin and identify loss of 2578 of
38645 peaks when IL-2 is withdrawn; again, IL-7 preserved accessibility. As expected, NFAT and
NFAT/AP1 composite peaks were enriched with PMA/lonomycin stimulation. The authors go on to
show that gene expression and accessibility correlate; although, IL-2 withdrawal only affected 14
genes. Given this modest effect, the authors compared their IL-2-dependent accessible sites to
public Chip-seq datasets, noting that the 62.5% of IL-2-regulated accessible peaks overlapped with
other STATs and "master regulator' TF binding in different helper cell subsets. The authors
conclude that IL-2 signaling is required to maintain chromatin accessibility at hundreds of regulatory
elements, including key subset-specific genomic regions, supporting T cell memory.

The authors conclusions are provocative and interesting; however, the study relies heavily upon in
vitro stimulation using artificial conditions (concanavalin A, PMA/ionomycin etc). The authors do not
test their hypotheses using solid in vivo systems, and in this respect, the scope of the manuscript is
necessarily limited. The mechanistic role of IL-2 in memory cells is an important topic; but the
conclusions from the present study are largely inferential. The idea that IL-2/STATS5 provide critical
“pioneer” functions in chromatin accessibility and priming of gene expression is exciting; however,



the impact of the findings would be greater if robust in vivo models were included.

Activated T cells produce IL-2; this raises the issue as to whether the results might be more
dramatic if anti-IL-2/anti-IL-2Ra antibodies were used in the cultures. This autologous IL-2
production might explain the similarities in transcriptomes between TB IL-2 and TB nil (Figure 5B)
and the small differences in gene expression. The failure to account for endogenous IL-2 production
could greatly skew the authors' findings. Minimally, these controls should be provided at some point.
Along the same line, the relatively modest effect of ruxolitinib compared to absence of exogenous
IL-2 is surprising; more controls are needed to document the efficacy of this treatment. Also, why do
the ruxolitinib-dependent accessible peaks exceed IL-2 peaks? (2900 vs 10007?). Additionally,
activation of T cells and induction of IL-2RA is typically associated with downregulation of IL-7R -
clearly there is an IL-7 signal; but the authors should include flow cytometry with controls, as
readers may be confused.

The authors conclude that withdrawal of IL-2 results in loss of accessibility in 27000 genomic regions;
however, it is unclear on what basis the 1000 peaks were selected. It is a little hard to imagine how
the shared numbers of peaks turned out to be exactly 1000 peaks

It would be of interest for the authors to show expression of other Jun-family members? Would
have been of interest to delete JunD by Crspr/Cas to identify contribution of JunD versus other
family members (e.g. JunB), as the Ciofani laboratory has reported that JunB preferentially impacts
Th17 differentiation (PMID:28824171)

Also of interest, would be to provided non-biased motif enrichments.

Since IL-2 induces Myc and Myc is an overall amplifier of gene expression in lymphocytes, the
authors will need to take this into account in their analyses (Nie et al, PMID:23021216;
PMID:23021215).

Minor points

Overall, the manuscript is hard to follow. The authors frequently switch back to discussion of their
previous work in results sections. It would be clearer if the authors focused more on description of
the experiments provided (including relevant controls) and compared the present results with
previous results in the discussion. Figure 1 can be included in supplementary material. In terms of
ease of interpreting the data, the controls of T blasts (T = 40 hrs and 70 hrs) should be shown in
Figure 2.

Transcription factors that comprise AP-1 are certainly inducible; however, it is more accurate to
think of STATS as a latent cytosolic TF that is activated - rather than inducible.

With respect to de novo enhancer formation, the authors should cite the work from the Glass and

Natoli laboratories. With regard to the role of AP-1, the authors should cite the work from the Barski
lab (Yukawa et al, PMID:31653690)

Referee #2:



General summary

Previous work by these authors has identified epigenetically primed sites (pDHS), in CD4 T cells.
These are regions of the genome that are preserved in an open state, and which allow efficient
access for inducible transcription factors when effector T cells and memory T cells re-encounter
antigen. These pDHS are maintained by constitutively active transcription factors, however, also
have binding sites for STATS5 and AP-1, transcription factors that are activated by IL-2.

In this study, Bevington et al. have investigated the role of the cytokine IL-2 in regulating and
maintaining both pDHS (induced when naive CD4 T cells are differentiated into primed T-blast cells)
and iDHS (which are triggered when primed CD4 T-blast cells are re-stimulated by PMA and
ionomycin to mimic antigen-receptor signaling). Here they show that IL-2 is required to maintain a
subset of pDHS induced by TCR activation, and link AP-1 and STAT5 binding at these sites to
maintaining the open chromatin conformations. They also determined that IL-2-regulated pDHS
control steady-state gene expression, and were important for keeping chromatin open at sites
accessed by transcription factors that determine Thl, Th2 and Th17 lineage commitment.
Moreover, they identified IDHS that were IL-2 dependent, and that many of these were near to IL-2-
dependent pDHS, indicating potential co-operation between IL-2 pDHS and iDHS regulatory
elements. Moreover, as these changes were regulated in a similar way by IL-7, it suggests that
other cytokines of the common gamma chain family may substitute for IL-2.

This study is well controlled, well written and provides a fascinating insight into how the functions of
IL-2 go beyond that of a simple mitogen and growth factor for T cells to control CD4 T cell fate
decisions. This is important for understanding how the differentiation and plasticity of CD4 T cells is
regulated, and provides new perspectives that IL-2 controls fate decisions not just by controlling
the abundance of transcription factors and cytokine receptors, but also primes the cells to
response to these signals. This is important to consider when designing and developing T cell
based therapies.

There were no major concerns to be addressed, but the manuscript would be improved by clarifying
the following minor points:

Minor points

1) For the DNAase | analysis, live cells were sorted before preparing samples. Please can the
authors clarify/discuss any steps they took to ensure that in the IL-2 (or IL-7)-nil samples, the live
cells that they were analyzing were not beginning to undergo any changes to chromatin associated
with apoptosis resulting from the cytokine withdrawal. Additionally, could the data between
samples be influenced by alterations in cell cycle progression as a result of IL-2/IL-7 removal?

2) In this study is that the authors used publicly available datasets as resources to interpret their
findings. In Figure 2, they use a published ATAC-seq dataset for Th2 cells,and compared it to their
DNAase | analysis. Can the authors please comment on how comparable these approaches are for
drawing conclusions about open chromatin regions or any information that could be missed.

3) In Figure 3C (and Figure S2B), it would be less ambiguous to label the axis of graphs quantifying
the western blots with 'Relative signal intensity' than '‘Relative expression level', especially for the
guantification of a phosphorylated species.

4) Relating to the authors conclusions that 'IL-2 iDHSs were not inducible in TN cells which had not



yet undergone re-programming or been exposed to IL-2', while this is evidenced in Figure 4C, their
model would be strengthened by including the TN+ sample in the gene peaks depicted in Figure
4G.

5) In Figure 4G, for clarity, it would be helpful if the authors labelled which regions were pDHSs and
IDHSs.

6) On page 8, the authors state '‘Down-regulated genes included genes associated with T cell
homeostasis which are normally associated with a cell signature more reminiscent of naive T cells,
such as Tcf7, Ccr7 and Cd62l (Sell). Can the authors please clarify to what the down-regulation is
referring?

7) In Figure 6G, it would help if the pDHSs and iDHSs were labelled in the figure to clarify which are
linked to the changes in gene expression.

Non-essential suggestions

1) The authors mention that IL-2 can both create and erase pDHSs. For example, chromatin
accessibility at the Sell locus increases in T-blasts in response to IL-2 deprivation, indicating that IL-
2 maintains a closed conformation at this site. The differentiation of Th17 cells is inhibited by IL-2
and although the authors have shown that IL-2-dependent pDHSs overlap with STAT3 and RORg
binding sites, Iwondered if the authors had investigated whether IL-2 may inhibit the formation
pDHS at other locithat are associated with Th17 differentiation, for example the IL-6Ra locus?

Miscellaneous

1) Possible typo at the end of the legend for Table S2 (Table written in bold after TB+ IL-2nil).

Referee #3:

In this manuscript by Bevington et al the authors build on their previous findings that established
primed DNAse Hypersensitive Sites (pDHS) in blasting T cells as well as in memory T cells. In the
present study, the authors make additional discoveries:

A) they identify that IL-2 signaling is instrumental in the maintenance of primed accessible
chromatin at regulatory elements in activated blasting T cells before these cells become committed
to helper lineages and thus IL-2 signaling paves the way for lineage-defining factors.

B) They confirm that these pDHS are IL-2 dependent since they are drastically reduced in the
absence of IL-2.

C) By using publicly available AT AC-seq datasets they further confirm the existence of these IL-2
dependent pDHS in vivo generated Th2 cells isolated from the lung. This is a nice addition since not
only they show that these regulatory elements are relevant in in vivo settings but also the figure
nicely confirms the comparable sensitivity of the DNAse-seq and AT AC-seq obtained peaks.

D) In addition, they demonstrate that IL-7 signaling can generate similar pDHS, suggesting that not
only IL-2 but also other cytokines at different settings/ developmental stages can regulate
chromatin priming.

E) The authors show that the identified accessible regions are strongly bound by IL-2 inducible,
pioneer factors such as JUND and STATS5 and in a detailed manner the authors dissect the IL-2
dependency of these binding events.



F) They also identify "inducible” DHS that are established upon activation of blasting cells with PMA
and calcium ionophore.

G) They further dissect potential functional implications of the identified IL-2 dependent pDHS on
gene expression. The role of IL-2 signaling is more impactful on steady state gene expression (in
blasting cells) and less strong in inducible reactivation.

H) The authors also demonstrate that the IL2 pDHS of signature genes of T helper subsets can be
bound by STAT factors and the respective determining factors of each subset.

The manuscript is well-written and the data seem to be overall of good quality. The figures are easy
to follow. The topic is of broad interest since it provides novel insight on how environmental cues
(cytokine signaling) can impact gene expression priming and act as an early event in opening
chromatin.

Points to be addressed:

1) As mentioned above the addition of the in vivo Th2 ATACseq datasets is interesting and the
confirmation of il-2 dependent pDHS in this setting is important. Have the authors attempted to
identify similar pDHS in other in vivo generated cells such as T follicular cells (Tfth) or non-helper
cells such as regulatory T cells for which ATAC-seq or both ATAC and DNAse-seq datasets are
available? It would be interesting to identify common versus lineage specific pDHS.

2) How many biological replicates are there for the ChlP-seq datasets? At least two biological
replicates should be provided. It should also be clarified in the methods section.

3) In Fig. 5 it would be very helpful if the data of Fig. 5C were represented as an MA plot and the
number of upregulated and downregulated genes were indicated.

4) In Fig 7A it is quite intriguing that the vast majority of the pDHS are shared between Thl and
Th17 cells. This is quite interesting since IL-2 plays opposing roles by promoting Th1 and inhibiting
Th17 cell differentiation. Are these pDHS "active" in Thl cells and non-active in Th17 cells? This
could be assessed by histone marks (such as H3K27Ac) or binding of p300 or enrichment of 5hmC
(potential available datasets can be found for example at Ciofani et al, Cell 2012 or Ichiyama et al,
Immunity 2015).

Minor points:
There are some typos to be corrected or clarifications must be added in the Methods section.

1) Eg: page 18 Western blot section: the name of the product usded for preparing nuclear extracts
IS missing

2) In the same section there is a question mark following the 2ndary antibody.

3) What is the dilution of the antibodies used in the Western blots?

4) Chromatin IP section: Chromatin was sheared (? Cells/ ml)

5) Library preparation: How many rounds of amplification were they performed?



1st Authors' Response to Reviewers 6th Jul 2020

Referee #1:

The authors conclusions are provocative and interesting; however, the study relies heavily upon in vitro
stimulation using artificial conditions (concanavalin A, PMA/ionomycin etc). The authors do not test their
hypotheses using solid in vivo systems, and in this respect, the scope of the manuscript is necessarily
limited.

The idea that IL-2/STATS5 provide critical "pioneer” functions in chromatin accessibility and priming of gene
expression is exciting; however, the impact of the findings would be greater if robust in vivo models were
included.

As summarised above, we have now included data for both Thl and Th17 cells generated in vivo in
response to infection. Exploiting two different mouse models, these cells have been isolated to high purity.
These data reveal stable epigenetic reprogramming of the same subset of primed DHSs that we showed
are generated in vitro by TCR signalling and maintained by IL-2 or IL-7.

The mechanistic role of IL-2 in memory cells is an important topic; but the conclusions from the present
study are largely inferential.

In our studies, we have extensively tested the role of IL-2 in vitro. We have also now included data that also
specifically tests the role of IL-7 signals, which we think has overlapping roles with IL-2 in maintaining the
epigenetic changes described. We think the inclusion of this new data addresses the reviewers concern
and provides new direct mechanistic insight..

Activated T cells produce IL-2; this raises the issue as to whether the results might be more dramatic if anti-
IL-2/anti-IL-2Ra antibodies were used in the cultures. This autologous IL-2 production might explain the
similarities in transcriptomes between TB IL-2 and TB nil (Figure 5B) and the small differences in gene
expression. The failure to account for endogenous IL-2 production could greatly skew the authors' findings.
Minimally, these controls should be provided at some point.

To address this point in another way we have now included mRNA data in figure EV1A showing that IL2RA
levels plummet when IL-2 is removed. We had already also addressed this issue by showing that IL-2-
dependent remodelling substantially decreases when IL-2 signalling is inhibited by Ruxolitinib.

Any new analysis of IL-2 levels, or the inclusion of IL-2 antibodies is unlikely to change any of the
interpretations of this study. At at the level of DHSs, there already are major differences in the maintenance
of IL-2-dependent DHSs when IL-2 is removed, so removing autocrine IL-2 is not likely to impact on this
much further. For IL-2 to be effective, the cells need to express the inducible IL-2 R alpha gene.

Along the same line, the relatively modest effect of ruxolitinib compared to absence of exogenous IL-2 is
surprising; more controls are needed to document the efficacy of this treatment. Also, why do the
ruxolitinib-dependent accessible peaks exceed IL-2 peaks? (2900 vs 10007?).



Apart from the fact that the decrease is actually quite substantial, this comment does not take into account
of the fact that there are more AP-1 sites than STAT sites in the IL-2-dependent DHSs. Ruxolitinib only
inhibits JAK/STAT-dependent DHSs. Furthermore, FOS and JUN are strictly inducible whereas constitutive
non-phosphorylated STAT5 can still bind at some DHSs (Figure 3E) and may still maintain a weak signal in
the presence of Ruxolitinib. The discrepancy between 2900 versus 1000 is potentially confusing so we
replaced the Venn diagram of larger subsets with an average profile over the 1000 IL-2-dependent DHSs,
as figure EV1I, and this now more clearly shows the substantial decrease in average signal.

Additionally, activation of T cells and induction of IL-2RA is typically associated with downregulation of IL-
7R - clearly there is an IL-7 signal; but the authors should include flow cytometry with controls, as readers
may be confused.

In this study we aim to show that IL-2 and IL-7 can support similar functions in different contexts. We tend
to think of IL-2 as the initial reprograming signal, with IL-7 acting to maintain this signal once it is formed.
For the purpose of this study, it is of less importance to distinguish which is acting at any one time. In the
case of T blast cells we have now included data showing robust expression of IL-2RA (figure EV1A). We
are not currently able to perform more FACS analyses.

The authors conclude that withdrawal of IL-2 results in loss of accessibility in 1000 genomic regions;
however, it is unclear on what basis the 1000 peaks were selected. It is a little hard to imagine how the
shared numbers of peaks turned out to be exactly 1000 peaks.

The 1000 IL-2 pDHSs were defined precisely as the overlap between the IL-2 dependent peaks defined in
replicates 1 and 2. By chance this came to exactly 1000 DHSs which were both primed by T cell activation
and IL-2 dependent.

It would be of interest for the authors to show expression of other Jun-family members? Would have been
of interest to delete JunD by Crspr/Cas to identify contribution of JunD versus other family members (e.g.
JunB), as the Ciofani laboratory has reported that JunB preferentially impacts Th17 differentiation
(PMID:28824171)

We agree with the reviewer that this is an important point, and we have now created an additional figure 9
comparing the roles of JUNB and JUND, and highlighted their binding at IL17a and Irf8 where these factors
play key roles.

Figure 9A shows that JUNB expression in T blast cells in vitro is dependent on TCR signalling whereas
JUND is dependent on IL-2 signalling. Figure 9B shows that binding of JUNB to IL-2-dependent DHSs is
strictly dependent on TCR signalling.

We have now also made use of the data from the Ciofani paper (PMID:28824171) which showed that
JUNB was needed for Th17 cells, and that it was upregulated during the Th17 differentiation process.
Furthermore their data showed that in Jun-deficient cells, JUND binding increased at some of our IL-2-
dependent pDHSs where JUNB was bound in the WT. Along these lines we have now included data
showing that JUND binding in Th17 cells increases in the absence of JUNB (figures 9D,E). Using our own
data we also show that expression of Ccll, IL-24 and Csf2 mRNA expression actually increase in T cells
from Jund-deficient mice (figure 9F). This is consistent with the published immune-suppressive properties
on JUND. It may be a place holder maintaining homeostasis.

Also of interest, would be to provided non-biased motif enrichments.

It is unclear what the reviewer wants here. All of our motif analyses are unbiased de novo motif finding
analyses.

Since IL-2 induces Myc and Myc is an overall amplifier of gene expression in lymphocytes, the authors will
need to take this into account in their analyses (Nie et al, PMID:23021216; PMID:23021215).



It is possible that global MRNA levels change in the absence of IL-2. However, that is not the theme of this
study. We have consistently shown relative differences between conditions, which is our goal.

Minor points

Overall, the manuscript is hard to follow. The authors frequently switch back to discussion of their previous
work in results sections. It would be clearer if the authors focused more on description of the experiments
provided (including relevant controls) and compared the present results with previous results in the
discussion.

We feel it is important to guide the reader though the rationale of all the analyses by putting into a context
as they are reading it, and not leave it all until the discussion. Independent readers of our manuscript
requested this. Also consider that this is not a specialist journal, and context is important here.

Figure 1 can be included in supplementary material. In terms of ease of interpreting the data, the controls of
T blasts (T = 40 hrs and 70 hrs) should be shown in Figure 2.

Figure one is actually essential to explain the background and methodology, especially for non-specialist
readers. It sets the scene for the whole study. In our previous similar manuscripts we have been asked by
reviewers to actually increase this amount of content to clarify how experiments were done.

Transcription factors that comprise AP-1 are certainly inducible; however, it is more accurate to think of
STATS as a latent cytosolic TF that is activated - rather than inducible.

We are aware of this point, and we have shown data that shows STAT5 binding at some sites prior to
activation.

With respect to de novo enhancer formation, the authors should cite the work from the Glass and Natoli
laboratories.

We have now included a description in the discussion of parallel myeloid gene-specific patterns of
regulation described by Natoli and Glass whereby genes undergo step-wise priming and can maintain an
epigenetic memory of LPS stimulation.

With regard to the role of AP-1, the authors should cite the work from the Barski lab (Yukawa et al,
PMID:31653690)

We have now cited Barski as the source for defining TCR/CD28-inducible transcription factors in activated
T cells. This citation also includes data using dominant negative FOS which inhibits these pathways.



Referee #2:
General summary

There were no major concerns to be addressed, but the manuscript would be improved by clarifying the
following minor points:

We are pleased to know that this reviewer found no major flaws with the manuscript.

Minor points

1) For the DNAase | analysis, live cells were sorted before preparing samples. Please can the authors
clarify/discuss any steps they took to ensure that in the IL-2 (or IL-7)-nil samples, the live cells that they
were analyzing were not beginning to undergo any changes to chromatin associated with apoptosis
resulting from the cytokine withdrawal. Additionally, could the data between samples be influenced by
alterations in cell cycle progression as a result of IL-2/IL-7 removal?

We have now included figure EV1B showing that Annexin V and PI staining do not change after IL-2
removal in the sorted live cells used here for our analyses.

Our new in vivo data is also based predominantly on non-dividing memory T cells which have a pattern
similar to T blast cells dividing in vitro.

We have also highlighted that some of the genes that change are indeed cell cycle genes.

2) In this study is that the authors used publicly available datasets as resources to interpret their findings. In
Figure 2, they use a published ATAC-seq dataset for Th2 cells, and compared it to their DNAase | analysis.
Can the authors please comment on how comparable these approaches are for drawing conclusions about
open chromatin regions or any information that could be missed.

By and large ATAC and DNasel data are comparable. DNase | analyses provide a more accurate picture of
open chromatin than ATAC which can also produce peaks in flanking regions between active nucleosomes.
Figure 2A only shows overlap between the ATAC data where there is also a DNase-peak, so this is not an
issue. Our new Thl and Th17 data is also ATAC and has a 65% overlap with in vitro T blast DNasel data.

3) In Figure 3C (and Figure S2B), it would be less ambiguous to label the axis of graphs quantifying the
western blots with 'Relative signal intensity' than 'Relative expression level', especially for the quantification
of a phosphorylated species.

We have corrected these figures.

4) Relating to the authors conclusions that 'IL-2 iDHSs were not inducible in TN cells which had not yet
undergone re-programming or been exposed to IL-2', while this is evidenced in Figure 4C, their model
would be strengthened by including the TN+ sample in the gene peaks depicted in Figure 4G.

We have included TN+ data in what is now figure 5G.

5) In Figure 4G, for clarity, it would be helpful if the authors labelled which regions were pDHSs and iDHSs.

We have now indicated in that the red boxes refer to iDHSs in what is now 5G.

6) On page 8, the authors state 'Down-regulated genes included genes associated with T cell homeostasis
which are normally associated with a cell signature more reminiscent of naive T cells, such as Tcf7, Ccr7



and Cde62l (Sell).' Can the authors please clarify to what the down-regulation is referring?

The text was incorrect. The paragraph has been rewritten for clarity

7) In Figure 6G, it would help if the pDHSs and iDHSs were labelled in the figure to clarify which are linked
to the changes in gene expression.

We have now highlighted the regions in what is now figure 7D.

Non-essential suggestions

1) The authors mention that IL-2 can both create and erase pDHSs. For example, chromatin accessibility at
the Sell locus increases in T-blasts in response to IL-2 deprivation, indicating that IL-2 maintains a closed
conformation at this site. The differentiation of Th17 cells is inhibited by IL-2 and although the authors have
shown that IL-2-dependent pDHSs overlap with STAT3 and RORg binding sites, | wondered if the authors

had investigated whether IL-2 may inhibit the formation pDHS at other loci that are associated with Th17
differentiation, for example the IL-6Ra locus?

This is getting beyond the scope of this manuscript.

Miscellaneous
1) Possible typo at the end of the legend for Table S2 (Table written in bold after TB+ IL-2nil).

We have corrected this



Referee #3:

The manuscript is well-written and the data seem to be overall of good quality. The figures are easy to
follow. The topic is of broad interest since it provides novel insight on how environmental cues (cytokine
signaling) can impact gene expression priming and act as an early event in opening chromatin.

Points to be addressed:

1) As mentioned above the addition of the in vivo Th2 ATACseq datasets is interesting and the confirmation
of il-2 dependent pDHS in this setting is important. Have the authors attempted to identify similar pDHS in
other in vivo generated cells such as T follicular cells (Tfh) or non-helper cells such as regulatory T cells for
which ATAC-seq or both ATAC and DNAse-seq datasets are available? It would be interesting to identify
common versus lineage specific pDHS.

We have now included data for Thl, Th2, Th17, Treg and Tth cells in figures 2 C and D.

2) How many biological replicates are there for the ChlP-seq datasets? At least two biological replicates
should be provided. It should also be clarified in the methods section.

We have now included the replicates for STATS and JUND ChIP-Seq from T blasts cells growing in IL-2.
These are the pivotal data sets used to show that lineage-determining factors reoccupy these sites in Thl,
2 and 17 cells.

With the agreement of the editor, we have include just one ChlP-seq data set for IL-2 nil cells. It was
deemed non-essential to have a replicate on the basis that STAT5 and JUND were unlikely to bind if the
actual DHS was lost, as confirmed in two DNase-Seq replicates.

3) In Fig. 5 it would be very helpful if the data of Fig. 5C were represented as an MA plot and the number of
upregulated and downregulated genes were indicated.

We have now included an MA plot as figure 6C, and we believe that we addressed the numbers on p8 with
the statements:

“the presence of IL-2 had the biggest impact on gene expression prior to stimulation (Tg IL-2 compared to
Tg IL-2nil Figure 6B) with 612 genes being more than 3 fold up-regulated in Tg IL-2 compared to Tg IL-2nil
and 356 genes that were at least 3 fold down-regulated when IL-2 was present (adj-p <0.05) (Figure 6C,
Supplemental data file 2 S1-2).”

And

“‘Removal of IL-2 in Tg+ IL-2nil cells affected the induction of just 14 genes by at least two-fold
(Supplemental data file 2).”

4) In Fig 7A it is quite intriguing that the vast majority of the pDHS are shared between Thl and Th17 cells.
This is quite interesting since IL-2 plays opposing roles by promoting Thl and inhibiting Th17 cell
differentiation. Are these pDHS "active" in Th1l cells and non-active in Th17 cells? This could be assessed
by histone marks (such as H3K27Ac) or binding of p300 or enrichment of 5hmC (potential available
datasets can be found for example at Ciofani et al, Cell 2012 or Ichiyama et al, Immunity 2015).

We have added a new figure (Figure 9) with published ChiP-seq data (Carr et al, Vahedi et al) to show
examples of sites which are shared between Th1l and Th17 cells and how they may be differentially
regulated. At the signature Th17 gene, 1l17a, an IL-2 sensitive DHS is shared between Thl and Th17 cells,
but p300 only binds to the site in Th17 cells. Conversely at the Irf8 locus which is a known repressor of
Th17 cells, the IL-2 pDHSs binds p300 only in Thl cells. Furthermore, the data suggest that JUNB
regulates ll117a expression in Th17 cells and JUND represses it, whilst the reciprocal is inferred for Irf8.



Minor points:
There are some typos to be corrected or clarifications must be added in the Methods section.

1) Eg: page 18 Western blot section: the name of the product used for preparing nuclear extracts is missing

We have corrected this

2) In the same section there is a question mark following the 2ndary antibody.

We have added this information

3) What is the dilution of the antibodies used in the Western blots?

We have added this information

4) Chromatin IP section: Chromatin was sheared (? Cells/ ml)

We have corrected this

5) Library preparation: How many rounds of amplification were they performed?

We have added this information



1st Revision - Editorial Decision 5th Aug 2020

Dear Peter,

Thanks for submitting your revised manuscript to The EMBO Journal. Your manuscript has now
been seen by referees # 2 and 3 and their comments are provided below. As you can see both
referees support publication here. Referee #2 has a few relative minor comments that Iwould like to
ask you to address in a final revision.

When you submit the revised version will you also please take care of the following points:

- We need 3-5 keywords

- Please re-label "Declaration of Interests" as Conflict of interest

- The Data availability section should be listed after conflict of interest. Will you also make sure that
you make the data available and remove the password protection

- David Withers needs an ORCID

- The figures should be uploaded as separate files and another format than powerpoint.
= Please add the legends for the EV tables 1 and 2 to the tables as a separate tab

- For the reference format please add et al after the 10th author

- The synopsis image should be uploaded as a TIFFfile.

- Some of the same images are displayed in 2A, 3D, 6D, EV1C, EV2A can you please mention this in
the figure legends.

- Our publisher has also done their pre-publication check on your manuscript. When you log into the
manuscript submission system you will see the file "Data edited manuscript file". Please take a look
at the word file and the comments regarding the figure legends and respond to the issues. Please
also use this version when you resubmit the revised version with the marked changes. Just makes it
easier for me to see the changes.

That should be all - let me know if you have any further questions
With best wishes

Karin

Karin Dumstrei, PhD

Senior Editor
The EMBO Journal



Instructions for preparing your revised manuscript:

Please 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:
http://bit ly/EMBOPressFigurePreparationGuideline

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).

- aword 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/iwww.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.

Further information is available in our Guide For Authors:
https//www.embopress.org/page/journal/14602075/authorguide

The revision must be submitted online within 90 days; please click on the link below to submit the
revision online before 3rd Nov 2020.

Link Not Available

Referee #2:
Ithank the authors for their response to my comments, which have been addressed satisfactorily.

The addition of more in vivo data to the study provides evidence that regions of open chromatin in
in vivo populations of CD4 T cells overlap with the IL-2-regulated pDHSs identified in the in vitro
experiments. This indicates that there is a potential for IL-2 to regulate these sites in vivo. However,
the data is correlative, and does not necessarily add substantial further evidence that IL-2 signaling
pioneers CD4 T cell differentiation.

The addition of the in vivo data where the IL-7a; chain was knocked-out of memory CD4 T cells



does support a role for IL-7 signaling in maintaining regions of open chromatin in memory T cells in
Vivo.

| have a few minor comments:-

1) Can the authors please comment on survival of the CD4 memory T cells in their in vivo model
once the IL-7Ra has been deleted. Were similar numbers of IL-7a+ and IL-7a- CD4 T cells isolated
from II7rf/f mice and CD4creERT 2 x II7rf/f mice respectively?

2) It may be helpful, particularly for ease of understanding of this work by a non-specialized
audience, to discuss the IL-2 data, and then have the new IL-7 data as a section at the end of the
manuscript rather than its current location. I think that would help to clarify the concept of IL-2
supporting the initial reprograming, with IL-7 being involved in longer-term maintenance. Otherwise,
this point may become a little lost.

3) Along the same lines, it may be beneficial to modify the title of the manuscript to reflect the
authors aim to demonstrate that IL-2 and IL-7 both support chromatin remodelling, but in different
contexts. The addition of the in vivo data with the deletion of IL-7Ra in CD4 memory T cell takes
the focus of the paper beyond the role of IL-2 alone.

4) The new section discussing the findings that IL-2-induced pDHS are shared between Th
lineages is very interesting, particularly that maintaining these open chromatin regions may
contribute to CD4 T cell plasticity. The authors suggest that Th17 cell differentiation may be
inhibited by IL-2 through JUND binding to these sites to inhibit transcription. While this may be a
contributing factor, I do think that it is important that the authors include a comment in the text
that acknowledges that other factors, such as IL-2 decreasing chromatin accessibility at certain
genomic loci, could integrate with these factors to contribute to IL-2-induced inhibition of Th17
differentiation.

Miscellaneous

1) Typo 'diffentiation’ on page 12.

Referee #3:

The authors have addressed in depth my comments. In addition, in the revised manuscript they

have included novel, very interesting in vivo data that strengthen significantly the original
conclusions. Overall, the revised manuscript is suitable for publication.



2nd Authors' Response to Reviewers 14th Aug 2020

Response to reviews and editors comments
Requests from the editor:

- We need 3-5 keywords
Added to title page

- Please re-label "Declaration of Interests" as Conflict of interest
Done

- The Data availability section should be listed after conflict of interest. Will you also make
sure that you make the data available and remove the password protection

The section is moved.

The GEO is being prepared now for public release as soon as possible.

- David Withers needs an ORCID

The ORCID number is 0000-0003-3757-7594
| cannot add it myself.

| have asked David to create an account.

- The figures should be uploaded as separate files and another format than powerpoint.
Files added as PDF

-Please add the legends for the EV tables 1 and 2 to the tables as a separate tab
Done

- For the reference format please add et al after the 10th author
New format changed to single 1% au in text and et al after 10 au in list

- The synopsis image should be uploaded as a TIFF file.
Uploaded as TIFF

- Some of the same images are displayed in 2A, 3D, 6D, EV1C, EV2A can you please
mention this in the figure legends.
We have referred back to figure 2A for each legend

Referee 2 comments:

1) Can the authors please comment on survival of the CD4 memory T cells in their in vivo
model once the IL-7Ra has been deleted. Were similar numbers of IL-7a+ and IL-7a- CD4 T
cells isolated from I17rf/f mice and CD4creERT2 x II7rf/f mice respectively?

We created a new panel showing a 2-fold decrease in memory T cells after deleting IL-
7Ralpha

2) It may be helpful, particularly for ease of understanding of this work by a non-specialized
audience, to discuss the IL-2 data, and then have the new IL-7 data as a section at the end
of the manuscript rather than its current location. | think that would help to clarify the concept
of IL-2 supporting the initial reprograming, with IL-7 being involved in longer-term
maintenance. Otherwise, this point may become a little lost.

The IL-7 data has been extracted from figure 2 and EV1 and moved to a new figure 7.
The IL-7Ralpha data is now in Figure 8 and EV4.

3) Along the same lines, it may be beneficial to modify the title of the manuscript to reflect



the authors aim to demonstrate that IL-2 and IL-7 both support chromatin remodelling, but in
different contexts. The addition of the in vivo data with the deletion of IL-7Ra in CD4 memory
T cell takes the focus of the paper beyond the role of IL-2 alone.

The title was increased to 109 characters plus spaces to include IL-7

4) The new section discussing the findings that IL-2-induced pDHS are shared between Th
lineages is very interesting, particularly that maintaining these open chromatin regions may
contribute to CD4 T cell plasticity. The authors suggest that Th17 cell differentiation may be
inhibited by IL-2 through JUND binding to these sites to inhibit transcription. While this may
be a contributing factor, | do think that it is important that the authors include a comment in
the text that acknowledges that other factors, such as IL-2 decreasing chromatin
accessibility at certain genomic loci, could integrate with these factors to contribute to IL-2-
induced inhibition of Th17 differentiation.

We have commented on the roles of STAT3, STAT5 and IL-6Ralpha in Th17 differentiation
Miscellaneous

1) Typo 'diffentiation' on page 12.
Corrected



2nd Revision - Editorial Decision 17th Aug 2020

Dear Peter,

Thanks for submitting your revised manuscript to The EMBO Journal. | have now had a chance to
take a careful look at the manuscript at the introduced changes and all looks good.

lam therefore very happy to accept the manuscript for publication here. Please make sure to make
the GEO deposited data available upon publication of the study.

Congratulations on a very nice study!
With best wishes

Karin

Please note that it is EMBO Journal policy for the transcript of the editorial process (containing
referee reports and your response letter) to be published as an online supplement to each paper. If
you do NOT want this, you will need to inform the Editorial Office via email immediately. More
information is available here: httpJ//emboj.embopress.org/about#Transparent_Process

Your manuscript will be processed for publication in the journal by EMBO Press. Manuscripts in the
PDF and electronic editions of The EMBO Journal will be copy edited, and you will be provided with
page proofs prior to publication. Please note that supplementary information is not included in the
proofs.

Should you be planning a Press Release on your article, please get in contact with
embojournal@wiley.com as early as possible, in order to coordinate publication and release dates.

If you have any questions, please do not hesitate to call or email the Editorial Office. Thank you for
your contribution to The EMBO Journal.
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

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

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

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

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

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

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

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

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

definitions of statistical methods and measures:

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

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

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

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.
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Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

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

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

B- Statistics and general methods
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Please fill these boxes

(Do not worry if you cannot see all your text once you press retur!

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

Genome-wide studies include thousands of data points, giving each single data set a lot of power.
This this we mostly use 3 biological repliactes for RNA-Seq and 2 biological replicates for
chromatin-based assays.

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

As for 1.a, just 2 or 3 samples are required for significant results. For some cell types, tissues from
several mice are pooled to obtain enough cells to yield a DNA library of sufficient compexity to
allow in the order of at least 20-30 million unique sequence reads

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

The only reason for excluding samples would be in cases where insufficient cells or DNA were
obtained to produce reliabe data.

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

Allocation was random.

For animal studies, include a statement about randomization even if no randomization was used.

procedures were typically performed on littermates

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

Not required.

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

blinding was not required

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

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

yes

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

all geneome-wide sequencing data was normalised and visually inspected to ensure appropriate
variation within the data.




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

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

all antibody catalog numbers are provided.

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

no cell lines were used

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

D- Animal Models

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

all animal models are described in detail

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

These studies were approved by the UK Home Office inspector and performed under a Home
Office licence.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

The animal studies were adequately reported

E- Human Subjects

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

UK Home Office

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

no human material or subjects were used

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

not applicable

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

not applicable

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

not applicable

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

not applicable

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

not applicable

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

all genome wide data created in this study is available at GEO GSE147294

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

processed data is available as supplementary data files

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

no human data is involved

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

no computer models are used

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

No.




	IL-2/IL-7-inducible factors pioneer the path to T cell differentiation in advance of lineage-defining factors
	Review Timeline:
	Transaction Report:

	Merged Decision Summary PDF Section 1
	Merged Decision Summary PDF Section 2
	Merged Decision Summary PDF Section 3
	Merged Decision Summary PDF Section 4
	Merged Decision Summary PDF Section 5
	Merged Decision Summary PDF Section 6
	Merged Decision Summary PDF Section 7
	Merged Decision Summary PDF Section 8



