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Dear Professor Löhning, 

Thank you for sharing your point-by-point reply to referees comments on your manuscript "A type-1 

immunity-restricted promoter of the IL-33 receptor gene directs antiviral T cell responses". We would 

be interested in considering a revised version as outlined in your response. 

We hope you will find the referees' comments useful as you decide how to proceed. If you wish to 

submit a substantially revised manuscript, please bear in mind that we will be reluctant to approach 

the referees again in the absence of major revisions. Please do not hesitate to get in touch if you 

would like to discuss these issues further 

If you choose to revise your manuscript taking into account all reviewer and editor comments, please 

highlight all changes in the manuscript text file [OPTIONAL: in Microsoft Word format]. 

We are committed to providing a fair and constructive peer-review process. Do not hesitate to contact 

us if there are specific requests from the reviewers that you believe are technically impossible or 

unlikely to yield a meaningful outcome. 

If revising your manuscript: 

* Include a “Response to referees” document detailing, point-by-point, how you addressed each

referee comment. If no action was taken to address a point, you must provide a compelling argument.

This response will be sent back to the referees along with the revised manuscript.

* If you have not done so already please begin to revise your manuscript so that it conforms to our

Article format instructions at http://www.nature.com/ni/authors/index.html. Refer also to any
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guidelines provided in this letter. 

 

* Include a revised version of any required reporting checklist. It will be available to referees (and, 

potentially, statisticians) to aid in their evaluation if the manuscript goes back for peer review. A 

revised checklist is essential for re-review of the paper. 

 

The Reporting Summary can be found here: 

https://www.nature.com/documents/nr-reporting-summary.pdf 

 

When submitting the revised version of your manuscript, please pay close attention to our 

href="https://www.nature.com/nature-portfolio/editorial-policies/image-integrity">Digital Image 

Integrity Guidelines.</a> and to the following points below: 

 

-- that unprocessed scans are clearly labelled and match the gels and western blots presented in 

figures. 

-- that control panels for gels and western blots are appropriately described as loading on sample 

processing controls 

-- all images in the paper are checked for duplication of panels and for splicing of gel lanes. 

 

Finally, please ensure that you retain unprocessed data and metadata files after publication, ideally 

archiving data in perpetuity, as these may be requested during the peer review and production 

process or after publication if any issues arise. 

 

 

You may use the link below to submit your revised manuscript and related files: 

 

[REDACTED] 

 

If you wish to submit a suitably revised manuscript we would hope to receive it within 6 months. If 

you cannot send it within this time, please let us know. We will be happy to consider your revision so 

long as nothing similar has been accepted for publication at Nature Immunology or published 

elsewhere. 

 

Nature Immunology is committed to improving transparency in authorship. As part of our efforts in 

this direction, we are now requesting that all authors identified as ‘corresponding author’ on published 

papers create and link their Open Researcher and Contributor Identifier (ORCID) with their account on 

the Manuscript Tracking System (MTS), prior to acceptance. ORCID helps the scientific community 

achieve unambiguous attribution of all scholarly contributions. You can create and link your ORCID 

from the home page of the MTS by clicking on ‘Modify my Springer Nature account’. For more 

information please visit please visit <a 

href="http://www.springernature.com/orcid">www.springernature.com/orcid</a>. 

 

Please do not hesitate to contact me if you have any questions or would like to discuss the required 

revisions further. 

 

Thank you for the opportunity to review your work. 

 

Sincerely, 
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Stephanie Houston 

Editor 

Nature Immunology 

 

 

 

Reviewers' Comments: 

 

Reviewer #1: 

Remarks to the Author: 

The authors identified a novel alternative TSS for Il1rl1 gene that is specifically utilized by Th1 and 

CTL cells. Loss of this promoter region significantly impaired CTL differentiation in to SLEC resulting in 

deficient response to LCMV. The study is elegantly designed and conducted, and only a few minor 

issues need to be addressed. 

 

1. In figure 2, the authors examined the conservation of type I Il1rl1 promoter in humans and mice. 

Based on figure 2a, only the Tbet and STAT4 binding motifs in CNS5 are conserved and the 

conservation score for the actual promoter region is low. Therefore, only the usage of this promoter is 

conserved, but not the promoter itself. The section title “The type-1 Il1rl1 promoter is conserved 

between mice and humans” is thus misleading and needs to be revised. 

2. There seem to be an enhancer located very close to, but downstream of, the promoter region. This 

enhancer is also bound by T-bet and STAT4 in Th1 cells and could potentially be important for ST2 

expression driven by T-bet and STAT4. Thus, the authors should demonstrate whether this enhancer 

is impacted by the ExAB deletion. In fact, the sequence alignment of this promoter region and 

surrounding area between mouse and human should be provided, and the area of deletion indicated. 

3. In Figure 3k, loss of Type 1 promoter region seems to result only in partial loss of ST2 expression in 

Th1 cells. What is the explanation of this phenotype? Is there another yet undiscovered TSS for ST2 

that is specific for Th1? Or are Th1 cells capable of utilizing GATA3-dependent type II promoters? The 

authors should comment on this. 

4. In figure 4k and o. There seems to be a CD45.2+ CD45.1+ population. Yet, according to the 

method section, CD45.1+/- and CD45.2+/+ BM/T cells were used. Where did this double positive 

fraction is coming from? Or is there an error in the method section? 

5. Figure 4f showed reduced Ki67+ cells in ExAB-/- mice, however, there seems to be a larger fraction 

of cycling cells in ExAB -/- mice by scRNA-seq as shown in figure 5b. What’s causing this discrepancy? 

6. Instead of a simple lack of SLEC expansion induced by the loss of type I promoter region, there 

seems to be a diversion from SLEC fate to MPEC fate in ExAB-/- mice, as evidenced by the 

significantly increased MPEC cluster shown in Figure 5b. The authors should conduct a LCMV re-

challenge experiment to explore whether there is a memory-related phenotype in these mice. 

7. A heatmap of differential gene expression between WT and ExAB-/- cells from each cluster should 

be shown to demonstrate the transcriptional impact resulting from loss of the type I promoter. The 

merged heatmap showing all only the top 10 marker for each cluster is not sufficient. 

8. According to Figure 6b IL-33 induces Zeb2 expression in all T cell subsets examined. Zeb2 

expression is required for SLEC differentiation. The phenotype of T cells specific loss of Zeb2 during 

LCMV infection (Dominguez et all JEM 2015 and Omilusik et al JEM 2015) strongly resembles the 

phenotype observed in ExAB-/- mice. The authors should examine whether the effect on CD8 T cells 

during LCMV infection after the loss of Type I promoter is mediated by Zeb2. 
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Reviewer #2: 

Remarks to the Author: 

In this manuscript, Brunner et al. report the discovery and functional characterization of a type-1-

immunity-restricted promoter of the gene Il1rl1, encoding the ST2 receptor for interleukin-33 (IL-33), 

a critical regulator of type-1, type-2 and regulatory immune responses. The authors demonstrate that 

this novel promoter is located 40 kb upstream of the annotated Il1rl1 gene and conserved between 

mice and humans. In previous work, the authors reported that ST2 expression is upregulated on CD8 

T cells (CTLs) and CD4 T cells (Th1s) during viral infection (LCMV model). Now, they demonstrate that 

this upregulation of ST2 on CTLs and Th1s does not occur during viral infection in mice with deletion of 

the type-1 Il1rl1 promoter. They convincingly show that the expression of ST2 driven by the type-1 

promoter is critical for clonal expansion of short-lived effector T cells during antiviral responses. They 

propose that IL-33/ST2 signalling provides a strong costimulatory signal for amplification of antiviral 

responses mediated by CTLs. 

 

The authors performed a significant number of experiments and the results are novel, interesting and 

potentially important. Recent results in a Phase 2 clinical trial of COPD revealed promising efficacy of 

anti-IL-33 therapeutic antibodies, indicating that IL-33 plays important roles in type-1 inflammatory 

diseases in humans. A better understanding of the mechanisms implicated in the activation of type-1 

immune responses by IL-33 is thus urgent. 

However, at this point, the data are not sufficient to support the title and conclusions of the 

manuscript: “A type-1 immunity-restricted promoter of the IL-33 receptor gene…’. The authors 

analysed Th1s and CTLs but did not analyse the potential role of the type-1 promoter in other immune 

cells that express ST2 during type-1 immune responses. These include NK and iNKT cells, 

macrophages, dendritic cells and neutrophils. To increase the significance of their findings, it is thus 

essential that the authors analyse the potential role of the type 1-promoter in the regulation of ST2 

expression in other immune cell types, associated with type-1 immune responses. 

Is there a general role of the type 1-promoter in all type-1 immune cells or a specific role in T cells ? 

This is an important question because the identification of the type-1 immunity-restricted promoter of 

Il1rl1 is the main message of the paper. 

The authors have all the tools in hands, including mice knock-out for the type-1 Il1rl1 promoter (or 

immune cells derived from these mice) and a validated flow cytometry assay for ST2 (with DJ8 mAb), 

to answer this critical question using ex vivo or in vivo assays (see Major Points). 

 

MAJOR POINTS 

1) Role of the type-1 promoter in NK and iNKT cells: both human and mouse iNKT and NK cells are 

direct targets of IL-33, and produce high levels of IFNg after co-stimulation with IL-33 and IL-12 (1-

3). NK cells are an important source of IFNg in viral infection and cancer. The authors should 

determine whether the type-1 promoter controls ST2 expression and/or IL-33 responsiveness in NK 

cells and iNKT cells (ex vivo or in vivo assays). 

 

2) Role of the type-1 promoter in macrophages: myeloid-derived antigen-presenting cells, including 

macrophages and DCs, can respond to IL-33. The authors should determine whether the type-1 

promoter controls ST2 expression and/or IL-33 responsiveness in macrophages. For instance, they 

could use ex vivo assays with bone marrow-derived macrophages, as previously described (3, 4). 

 

3) Role of the type-1 promoter in neutrophils: resting bone marrow neutrophils express low levels of 
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ST2 mRNA, and ST2 protein is upregulated at the cell surface after IL-33 treatment (5). The authors 

should determine whether the type-1 promoter controls ST2 expression and/or IL-33 responsiveness 

in neutrophils. 

 

4) Detection of ST2 in immune cells and differences in expression levels: quantification of ST2 by flow 

cytometry is a critical method for this study. However, the authors used different mAb clones for the 

detection of ST2 in Th1 cells/CTLs (clone DJ8, with PE- or APC-FASER amplification; Fig 1b, 3e) and 

ILC2s/mast cells (clone DIH9, ST2-BV421; Ext Fig 4c, f). Commercial ST2 antibodies exhibit significant 

background staining and are best for highly expressing cells. Could it be that the background with 

clone DIH9 (ST2-BV421 direct fluorescent conjugate) was too high and the specific signal without 

amplification too low for detection of ST2 expression in Th1/CTLs ? The authors should comment about 

the differences in ST2 expression levels in different immune cells and explain why they developed a 

more sensitive assay with DJ8 mAb for Th1/CTLs. In the extended data figures, they should compare 

the different ST2 mAbs on the same cell types (both type-1 and type-2 immune cells) using Ilrl1 KO 

cells as controls for gating. RMST2-2 is another widely used mAb clone. The authors have all the tools 

in hands (various Il1rl1 KO cells) to perform a careful comparison of ST2 detection with the three 

clones (DJ8, DIH9, RMST2-2) on different type-1 and type-2 immune cells. This will be very useful for 

the scientific community and will increase the interest and impact of the article, beyond the field of T 

cells. 

 

OTHER POINTS 

 

5) Fig. 2a and p6: it is not clear why the authors do not comment the T-bet/STAT4 ChIP-Seq and 

CD8+ SLEC (abbreviation not defined in the legend) ATAC-seq signals downstream of exons A + B ? 

No T-bet or STAT4 binding sites ? Sites not conserved in humans ? 

6) Fig 2c: the position of the CNS-5 in the human gene is not clear. ChIP-seq data/binding sites for 

STAT4 ? 

 

7) p7 ‘However, due to hard-to-predict effects on the balance between IL-33-mediated inflammation 

and tissue repair, blockade of IL-33 or ST2 using therapeutic antibodies has shown conflicting results 

in preclinical disease models47’. This sentence is outdated. Blockade of IL-33 using therapeutic 

antibodies has shown encouraging efficacy in Phase 2 clinical trials of asthma and COPD, as recently 

reviewed (6). A more appropriate sentence/paragraph could be ‘Modulation of the IL-33–ST2 axis 

could represent a promising approach in treating inflammatory diseases. Blockade of IL-33 using 

therapeutic antibodies has shown encouraging efficacy in clinical trials of asthma and COPD (6). 

However, due to hard-to-predict effects on the balance between IL-33-mediated inflammation and 

tissue repair, fine-tuned treatment approaches might offer a critical advantage.’ 
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Reviewer #3: 

Remarks to the Author: 

The authors characterize a distinct transcriptional process for expression of the gene (Il1rl1) encoding 

ST2 (the IL-33 receptor) in type-1 (CTL, Th1) compared to type-2 (Th2) T cells. They go on to show 

that ablation of the exons used in the “type-1” transcripts of Il1rl1 leads to selective loss of ST2 on 

those cells and impairs the generation of type-1 effector cells following viral infection. They also find 

that IL-33 promotes expression of genes which support TCR and costimulatory stimulation, and which 

are associated with effector cell differentiation. 

 

The report carefully lays out the methodical way in which the authors identify different upstream non-

coding exons that are selectively used for Il1rl1 transcripts in CTL/Th1 vs Th2 cells, and present 

strong evidence that this accurately distinguishes the basis for ST2 expression by type-1 vs type-2 T 

cells (with Treg aligning with Th2, in this case). Their generation of mice lacking the “type-1” related 

exons confirmed this, with selective loss of ST2 on Th1 and CTL, and their evidence is compelling that 

the impact of this mutation almost phenocopies the impact of complete Il1rl1 gene ablation, with 

respect to type-1 responses. 

 

The data are convincing, and – as the authors point out – this appears to be a rare (if not unique) 

example in which genes that are expressed by both type-1 and -2 polarized T cells involve distinct 

transcriptional start sites (regulated by distinct transcription factors). At the same time, once the 

authors find that loss of exons A/B (ExA/B) leads to almost complete loss of ST2 on type-1 cells, much 

of the subsequent data corresponds with earlier work, showing a cell-intrinsic role for ST2 in the anti-

viral response of these cells. This limitation is somewhat balanced by the authors going deeper than 

previous studies with respect to the gene expression changes driven by IL-33 in type-1 and -2 T cells 

(Fig. 6), and by their data indicating that IL-33 stimulation specifically enhances effector cell 

differentiation (Fig. 5). Nevertheless, there are remaining concerns. 

 

1) The studies on impaired generation of short-lived effector cells (SLEC) by CD8+ T cells lacking 

ExA/B are convincing but the consequences for memory differentiation are underdeveloped. Numerous 

panels in Figs. 4 and 5 present the frequencies and numbers of SLEC phenotype cells, but do not show 

the corresponding data for the MPEC (KLRG1- CD127+) cells – based on panels such Fig. 5e, one 

would presume these cells are increased in frequency. It is unclear whether MPEC are unchanged (or, 

perhaps more likely, modestly reduced) in absolute numbers. These data are needed for a more 

complete picture of how defective ST2 regulation (ExA/B knockout) or expression (Il1rl1 knockout) 

affects CD8+ T cells differentiating along the effector vs memory pathways. 

 

2) Along the same lines, the authors’ analysis of the anti-viral response of ExA/B and Il1rl1 deficient T 

cells appears to be limited to the first ~10 days following infection, and exclusively (as far as this 

reviewer can ascertain) focuses on cells in the spleen. It would be important to know how mutation of 
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ExA/B impacts generation of the various subsets of circulating memory CD8+ and CD4+ T cells during 

these responses, and to extend the scope of the work to analysis of at least some non-lymphoid 

tissues to determine the effect on generation of resident memory T cells. As it stands, it is unclear 

whether the loss of normal ST2 regulation leads to a selective loss of type-1 effector differentiation – 

with, perhaps, minimal effect on establishment of long-lived memory – or a more generalized defect 

that is magnified in but not exclusive to the effector pool. 
 

 

 

Author Rebuttal to Initial comments   

See inserted PDF 

 

  



1 

Point-by-point Reply to Reviewers’ Comments: 

A type-1 immunity-restricted promoter of the IL-33 receptor gene directs antiviral T cell 
responses (NI-A35288-T)  

We are grateful for the valuable input and feedback provided by the reviewers regarding our work. We 
have thoroughly addressed each of these comments and suggestions. Below, please will find our 
responses to the reviewer comments (Blue text), presenting the additional experiments performed and 
outlining the specific changes we have implemented in our manuscript.  

Within the manuscript text, we have used Blue underlined text to indicate changes made to the original 
version as a result of the reviewer comments. 

Reviewer #1 

(Remarks to the Author) 
The authors identified a novel alternative TSS for Il1rl1 gene that is specifically utilized by Th1 and 
CTL cells. Loss of this promoter region significantly impaired CTL differentiation in to SLEC resulting in 
deficient response to LCMV. The study is elegantly designed and conducted, and only a few minor 
issues need to be addressed. 

We thank the reviewer for this very favorable feedback and the helpful comments. We have addressed 
all the minor points raised as outlined below.  

1. In figure 2, the authors examined the conservation of type I Il1rl1 promoter in humans and mice.
Based on figure 2a, only the T-bet and STAT4 binding motifs in CNS5 are conserved and the
conservation score for the actual promoter region is low. Therefore, only the usage of this promoter is
conserved, but not the promoter itself. The section title “The type-1 Il1rl1 promoter is conserved
between mice and humans” is thus misleading and needs to be revised.

We fully agree with the reviewer and have amended the section title as follows: “Usage of the type-1 
Il1rl1 promoter is conserved between mice and humans.” (p. 6, l. 148) 

2. There seem to be an enhancer located very close to, but downstream of, the promoter region. This
enhancer is also bound by T-bet and STAT4 in Th1 cells and could potentially be important for ST2
expression driven by T-bet and STAT4. Thus, the authors should demonstrate whether this enhancer
is impacted by the ExAB deletion. In fact, the sequence alignment of this promoter region and
surrounding area between mouse and human should be provided, and the area of deletion indicated.

We concur that there is a region downstream of the identified exons A and B, which is bound by 
STAT4 and T-bet, and is marked by an ATAC-Seq peak in activated but not naive CD8+ T cells. 
Importantly, this putative enhancer specified by the reviewer is not deleted in the generated Il1rl1-
ExAB-/- mice. We have provided a new subpanel (Extended Data Fig. 3b) to indicate the area of 
deletions in Il1rl1-ExAB-/- and Il1rl1-ExC-/- mice in relation to the ATAC- and ChIP-Seq peaks. 
An interpretable single-nucleotide sequence alignment of the promoter region, including all important 
sites, would exceed by far the size limit of a figure (multiple thousand base-pairs). To offer the 
reviewer and the readership a readily accessible way to investigate the data presented in the 
manuscript, we have provided access to the RNA-Seq, ATAC-Seq, and ChIP-Seq tracks in a UCSC 
Genome browser session. Using the following link: 
https://genome.ucsc.edu/s/agloehning/BrunnerServeetal2023, reviewers and readers can inspect the 
data in detail and compare the conservation of all positions at the desired resolution. We hope that 
these measures support the claims made in our study by enhancing the data transparency of our 
manuscript.  
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3. In Figure 3k, loss of Type 1 promoter region seems to result only in partial loss of ST2 expression in 
Th1 cells. What is the explanation of this phenotype? Is there another yet undiscovered TSS for ST2 
that is specific for Th1? Or are Th1 cells capable of utilizing GATA3-dependent type II promoters? The 
authors should comment on this.  
 
We thank the reviewer for addressing this highly interesting point. Indeed, while the loss of exons A 
and B largely abrogates ST2 expression of CTLs in vitro and in vivo, Th1 cells appear to be able to 
partially compensate for the loss of the type-1 promoter in vivo, as we observed a mere ~50% 
reduction in frequency of ST2+ Th1 cells in Il1rl1-ExAB-/- mice. To address the question which 
promoter is utilized by ExonAB-deficient Th1 cells, we adoptively transferred naive Smarta or Smarta 
Il1rl1-ExAB-/- cells into wildtype (WT) recipients, which were subsequently infected with LCMV 
(Extended Data Fig. 6s). Like the polyclonal Th1 population in Il1rl1-ExAB-/- mice, also Smarta T cells 
displayed a ~50-60% reduction in frequencies of ST2-expressing cells at the peak of the acute T cell 
response (Extended Data Fig. 6t,u). Congenitally marked Th1 cells were flow-cytometrically sorted 
from spleens of infected animals, and RNA was isolated to assess their ST2 promoter usage. 
Interestingly, ExonAB-deficient, but not wildtype Smarta cells utilized the proximal promoter (reported 
to be used by e.g. fibroblasts) to express ST2, and thus incorporated exon 1b into their 5’ untranslated 
regions (Extended Data Fig. 6v). Neither WT, nor Il1rl1-ExAB-/- Smarta cells expressed significant 
amounts of exon 1a. Importantly, exon 1b was barely detectable in 2 out of 4 recipients of WT Smarta 
cells, indicating that it does not critically contribute to ST2 expression if the type-1 promoter is intact. 
We have incorporated these data into the manuscript (Extended Data Fig. 6s-v) (p. 10 l. 260-262). The 
molecular mechanisms underlying this finding will be addressed in future studies using the appropriate 
gene-targeted mice.  
 
 
4. In figure 4k and o. There seems to be a CD45.2+ CD45.1+ population. Yet, according to the method 
section, CD45.1+/- and CD45.2+/+ BM/T cells were used. Where did this double positive fraction is 
coming from? Or is there an error in the method section? 
 
Indeed, in the experiment presented in Fig. 4j-m, irradiated CD45.1+/+ recipients were reconstituted 
with bone marrow from CD45.1+/- (WT) mice and CD45.2+/+ (Il1rl1-/-, Il1rl1-ExAB-/-, or Il1rl1-ExC-/-) mice. 
In Fig. 4n-r, CD45.1+/- P14 cells were transferred together with CD45.1+/+  Il1rl1-ExAB-/-  or Il1rl1-/- P14 
cells into CD45.2+/+ WT recipients. Importantly, CD45.1 and CD45.2 are two variants of the CD45 
gene differing in only few amino acids. Thus CD45.1+/- cells express CD45.1 from one allele and 
CD45.2 from the second allele, which results in a double positive population if co-stained with CD45.1- 
and CD45.2-specific antibodies. Thus, the double positive fraction represents the reconstituted WT 
donor cells in Fig. 4k and the transferred P14 cells in Fig. 4o.  
To make it easier to follow these experimental layouts, we amended the figure legends to indicate the 
expression of both variants (e.g. CD45.1+ CD45.2+ instead of CD45.1+/-).  
 
 
5. Figure 4f showed reduced Ki67+ cells in ExAB-/- mice, however, there seems to be a larger fraction 
of cycling cells in ExAB -/- mice by scRNA-seq as shown in figure 5b. What’s causing this 
discrepancy? 
 
In Fig. 4f, the frequency of Ki67-expressing cells among all CD8+ T cells is depicted. The reduced 
frequency of Ki67+ cells among CD8+ T cells in Il1rl1-ExAB-/- mice is a result of the impaired expansion 
of activated CTLs, a large fraction of which is positive for Ki67. In contrast, in Fig. 5b, activated CD44+ 
CTLs were sorted and equal amounts of these CTLs per genotype were compared, thus reflecting the 
amount of cycling cells relative to an equal number of activated CD44+ CTLs. However, as Fig. 5n 
illustrates, there is still a drastic difference in the numbers of CD44+ CTLs per spleen in the scRNA-
Seq experiment. When taking this into account, the absolute number of Ki67+ CTLs in WT mice far 
exceeds the number of Ki67+ CTLs in Il1rl1-ExAB-/- mice.  
 
 
6. Instead of a simple lack of SLEC expansion induced by the loss of type I promoter region, there 
seems to be a diversion from SLEC fate to MPEC fate in ExAB-/- mice, as evidenced by the 
significantly increased MPEC cluster shown in Figure 5b. The authors should conduct a LCMV re-
challenge experiment to explore whether there is a memory-related phenotype in these mice. 
 
As pointed out in the answer to the previous question, in Fig. 5b equal numbers of activated CTLs per 
genotype were compared, irrespective of the differences in CTL expansion between the two 
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genotypes. Consequently, the large relative increase in MPECs is in part due to a >10-fold decrease in 
the amount of SLECs per organ. However, in absolute terms, the amount of MPECs per spleen is 
even slightly decreased in Il1rl1-ExAB-/- and Il1rl1-/- mice. We have amended the text and have added 
the absolute numbers of MPECs to address this point (Fig. 5h,l; Fig. 6j,k and Extended Data Fig. 
6m)(p. 10-11, l. 290-306; p. 13, l. 368-370; p. 16, l. 450-454). 
 
To address the reviewers’ question whether Il1rl1-ExAB-/- or Il1rl1-/- mice display a memory-related 
phenotype, we have conducted a re-challenge experiment. We first infected WT, Il1rl1-/-, Il1rl1-ExAB-/-, 
or Il1rl1-ExC-/- mice with 200 PFU of LCMV-WE. Then, 30 days after primary infection, mice were 
challenged with 2x106 PFU of LCMV-Cl13 and analyzed 7 days after secondary infection (Reviewer 
Fig. 1a). We have found no significant differences in frequencies or absolute numbers of CD8+ T cells 
in spleens of re-challenged animals (Reviewer Fig. 1b,c). Further, no differences in frequencies of 
activated CD44+ CD62L- CTLs or counts of LCMV-specific NP396-Tetramer+ CTLs were observed 
(Reviewer Fig. 1d,e). Lastly, in this recall setting the proportion of short-lived effector cells amongst 
CTLs of Il1rl1-/-, Il1rl1-ExAB-/- and Il1rl1-ExC-/- as well as their number was comparable to WT mice 
(Reviewer Fig. 1 f,g). 
 

 
Reviewer Figure 1. IL-33-ST2 signaling is not required for CTL expansion and SLEC 
differentiation in LCMV re-challenged mice. Wildtype, Il1rl1-/-, Il1rl1-ExAB-/-, and Il1rl1-ExC-/- mice 
were primed with 200 plaque-forming units (PFU) of LCMV-WE. Mice were re-challenged with 2x106 
PFU LCMV-Cl13 on day 30 p.i. and splenic T cells were analyzed 7 days after re-challenge (WT: n = 6, 
Il1rl1-/-: n = 6, Il1rl1-ExAB-/-: n = 6, Il1rl1-ExC-/-: n = 5). a, Experimental outline. b, Representative staining 
of CD8 on lymphocytes. c, Frequencies and absolute cell counts of CTLs. d, Frequencies of activated 
CD44+ CD62L- CTLs. e, Absolute cell counts of LCMV NP396-404-specific CTLs. f, Representative FACS 
plots showing KLRG1 and CD127 expression by CD8+ T cells. g, Frequencies and absolute cell counts 
of KLRG1+ CD127- CTLs. Data are presented as mean ± SD with each dot representing one mouse. P 
was determined using One-way ANOVA with Tukey’s post-hoc tests.  
 
 
In our opinion, this experiment nicely reflects the role of IL-33 as an alarmin.   
Secondary LCMV infections are rapidly controlled by highly potent memory CD8+ T cells and 
additional antibody-dependent antiviral mechanisms1-3. The data presented here show that ST2 
signaling is not required for antiviral CD8+ T cell expansion and SLEC differentiation when previously 
infected mice are re-challenged. A similar phenotype was observed in MyD88-deficient mice, which is 
an adaptor protein essential for ST2 signaling4,5.  
However, we have addressed the role of IL-33–ST2 signaling in memory T cell formation, 
maintenance, and recall responses in Baumann et al.6. In the latter study, we found that a lack of IL-33 
signaling in primary infections did not affect recall responses in an IL-33-competent environment. Yet, 
IL-33 signals were essential for efficient expansion and reactivation of CD8+ memory T cells when 
rechallenged in naive secondary WT recipients. These experiments have shown that also fully 
differentiated memory CTLs can (re-)express ST2 and can benefit from IL-33 signals, likely depending 
on the inflammatory context. Together, these findings raise interesting questions. For instance, it 
remains unknown whether IL-33 release differs between LCMV-primed and naive mice. Neither do we 
know whether the interval between priming and re-challenge affects the IL-33/ST2-dependence of 
secondary CTL responses.  
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The entirely novel finding of a type-1 immunity-restricted promoter that regulates ST2 expression in 
antiviral T cells remains the focus of the current manuscript. As we would like to address the above-
mentioned questions in future studies, we decided to present the results of the re-infection experiment 
to the reviewer without adding it to the manuscript.  
 
 
7. A heatmap of differential gene expression between WT and ExAB-/- cells from each cluster should 
be shown to demonstrate the transcriptional impact resulting from loss of the type I promoter. The 
merged heatmap showing all only the top 10 marker for each cluster is not sufficient. 
 
We have performed a differential gene expression analysis of each cluster to demonstrate the impact 
of the type-1 Il1rl1 promoter deletion on the transcriptome of individual subsets. The results are now 
displayed in the new Extended Data Fig. 8.  
 
 
8. According to Figure 6b IL-33 induces Zeb2 expression in all T cell subsets examined. Zeb2 
expression is required for SLEC differentiation. The phenotype of T cells specific loss of Zeb2 during 
LCMV infection (Dominguez et all JEM 2015 and Omilusik et al JEM 2015) strongly resembles the 
phenotype observed in ExAB-/- mice. The authors should examine whether the effect on CD8 T cells 
during LCMV infection after the loss of Type I promoter is mediated by Zeb2. 
 
We fully agree with the reviewer that the phenotype of Zeb2-deficient CD8+ T cells in LCMV infections 
is very similar to the one observed in ExonAB- or ST2-deficient mice and that this resemblance is of 
considerable interest. 
Besides Zeb2, IL-33 stimulation of CTLs also induced expression of T-bet and Blimp1, both of which 
are critical for expansion and SLEC differentiation of LCMV-specific CTLs7.  Thus, impaired SLEC 
differentiation observed in ExAB- and Il1rl1-deficient mice is probably a combination of multiple factors 
and can possibly not be exclusively attributed to a reduction in Zeb2 expression alone. Interestingly 
however, analysis of scRNA-Seq data, as suggested by the reviewer in point 7, revealed a higher 
expression of Zeb2 transcripts in ExAB-deficient SLECs as compared to WT SLECs (Extended Data 
Fig. 8). This might reflect a compensatory mechanism, which could allow very few cells to differentiate 
into SLECs without IL-33/ST2 signals, and further indicate an important link between ST2-signaling 
and Zeb2 expression in vivo. 
A putative experiment to assess this question in more detail, would be to overexpress Zeb2 in ST2-
deficient T cells using transgenic mice or retro/lentiviral constructs and to study the T cell response 
after LCMV infections. We regret that we don’t have the necessary tools at hand to perform these 
elaborate experiments and we hope that the reviewer agrees that establishment of these tools would 
exceed the timeframe available for this revision.  
 
All things considered, we are very grateful for the reviewer's suggestions and believe that addressing 
the minor issues raised by the reviewer significantly improved the quality of our study.  
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Reviewer #2 
 
(Remarks to the Author) 
In this manuscript, Brunner et al. report the discovery and functional characterization of a type-1-
immunity-restricted promoter of the gene Il1rl1, encoding the ST2 receptor for interleukin-33 (IL-33), a 
critical regulator of type-1, type-2 and regulatory immune responses. The authors demonstrate that 
this novel promoter is located 40 kb upstream of the annotated Il1rl1 gene and conserved between 
mice and humans. In previous work, the authors reported that ST2 expression is upregulated on CD8 
T cells (CTLs) and CD4 T cells (Th1s) during viral infection (LCMV model). Now, they demonstrate 
that this upregulation of ST2 on CTLs and Th1s does not occur during viral infection in mice with 
deletion of the type-1 Il1rl1 promoter. They convincingly show that the expression of ST2 driven by the 
type-1 promoter is critical for clonal expansion of short-lived effector T cells during antiviral responses. 
They propose that IL-33/ST2 signaling provides a strong costimulatory signal for amplification of 
antiviral responses mediated by CTLs. 
 
The authors performed a significant number of experiments and the results are novel, interesting and 
potentially important. Recent results in a Phase 2 clinical trial of COPD revealed promising efficacy of 
anti-IL-33 therapeutic antibodies, indicating that IL-33 plays important roles in type-1 inflammatory 
diseases in humans. A better understanding of the mechanisms implicated in the activation of type-1 
immune responses by IL-33 is thus urgent.  
However, at this point, the data are not sufficient to support the title and conclusions of the manuscript: 
“A type-1 immunity-restricted promoter of the IL-33 receptor gene…’. The authors analysed Th1s and 
CTLs but did not analyse the potential role of the type-1 promoter in other immune cells that express 
ST2 during type-1 immune responses. These include NK and iNKT cells, macrophages, dendritic cells 
and neutrophils. To increase the significance of their findings, it is thus essential that the authors 
analyse the potential role of the type 1-promoter in the regulation of ST2 expression in other immune 
cell types, associated with type-1 immune responses.  
Is there a general role of the type 1-promoter in all type-1 immune cells or a specific role in T cells?  
This is an important question because the identification of the type-1 immunity-restricted promoter of 
Il1rl1 is the main message of the paper. 
The authors have all the tools in hands, including mice knock-out for the type-1 Il1rl1 promoter (or 
immune cells derived from these mice) and a validated flow cytometry assay for ST2 (with DJ8 mAb), 
to answer this critical question using ex vivo or in vivo assays (see Major Points). 
 
We thank the reviewer for this positive feedback and are delighted to hear that the reviewer 
appreciates the impact of our findings. We certainly agree that a better understanding of type-1 
immunity-related aspects of IL-33 biology is of utmost importance. 
 
We would like to emphasize that by using the wording “type-1 immunity-restricted”, we do not want to 
imply that the promoter is used by all IL-33-responsive immune cells that contribute to type-1 immune 
responses. Rather, we use this description to highlight that we have not found any evidence of this 
promoter being active in type-2 immunity-associated T cells and innate cells, including ILC2s and mast 
cells nor in Treg cells. We have amended the text at two positions to communicate this more precisely 
(p. 2, l. 35; p. 14, l. 392). 
 
In addition, we have performed a significant number of experiments and made use of our highly 
sensitive ST2 staining protocol, to assess if the type-1 Il1rl1 promoter is of importance for ST2 
expression by NK cells, NKT cells, neutrophils and BMDMs (see below).  
 
 
MAJOR POINTS 
1) Role of the type-1 promoter in NK and iNKT cells: both human and mouse iNKT and NK cells are 
direct targets of IL-33, and produce high levels of IFNg after co-stimulation with IL-33 and IL-12 (1-3). 
NK cells are an important source of IFNg in viral infection and cancer. The authors should determine 
whether the type-1 promoter controls ST2 expression and/or IL-33 responsiveness in NK cells and 
iNKT cells (ex vivo or in vivo assays). 
 
Indeed, NK cells are crucial players in the cellular immunity against infections and cancer. As cited, 
others have shown that NK cells can produce IFN-g in response to combined stimulation with IL-12 
and IL-33. To assess if the deletion of the type-1 Il1rl1 promoter controls ST2 expression in NK cells, 
we thus have flow-cytometrically sorted NKp46+ TCRb- NK cells from spleens of WT, Il1rl1-ExAB-/-, 
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and Il1rl1-/- mice and cultured them in IL-33- and IL-12-containing medium. We found that after 2 days 
of stimulation, a fraction of WT NK cells expressed ST2, while no ST2 expression was found on Il1rl1-
ExAB-/- or Il1rl1-/- NK cells (Extended Data Fig. 4d-f). 
 
In addition, NKT cells were sort purified from thymocytes by utilizing a-Galactosylceramide-loaded 
CD1d tetramers. FACS-sorted NKT cells were then activated and expanded ex vivo in type-1 
conditions. After 6 days of culture, ~60% of WT NKT cells expressed ST2 at considerable levels. In 
contrast, Il1rl1-ExAB-/- NKT cells were unable to express ST2 as it was the case in Il1rl1-/- NKT cells 
(Extended Data Fig. 4a-c). 
 
Together, these results clearly demonstrate that usage of the type-1 Il1rl1 promoter is not restricted to 
T cells, but also directs ST2 expression in type-1 polarized innate immune cells. We thank the 
reviewer for the excellent recommendation to perform these exciting experiments. We have added the 
results to the manuscript in Extended Data Fig. 4 and modified the text accordingly (p. 4, l. 87; p. 8, l. 
206-208; p. 14, l. 392). 
 
 
2) Role of the type-1 promoter in macrophages: myeloid-derived antigen-presenting cells, including 
macrophages and DCs, can respond to IL-33. The authors should determine whether the type-1 
promoter controls ST2 expression and/or IL-33 responsiveness in macrophages. For instance, they 
could use ex vivo assays with bone marrow-derived macrophages, as previously described (3, 4). 
 
To address this question, we have cultured bone-marrow cells (BMDMs) from wildtype, Il1rl1-ExAB-/-, 
and Il1rl1-/- mice in the presence of recombinant M-CSF for 7 days as described in Kearley et al.8.  As 
shown in Reviewer Fig. 2a, we achieved a high purity of BMDMs expressing F4/80 and CD11b. After 7 
days, BMDMs were stimulated with IL-33, IL-4, IL-12 + IL-18, IFNa + IFNg, Poly(I:C), or Poly(I:C) + IL-
33. We stained ST2 using our amplified staining protocol, as this provides a more direct readout as 
compared to e.g. ELISAs of the cell culture supernatant.  
Unfortunately, we were not able to detect ST2 on the surface of BMDMs irrespective of the genotype 
and the nature of stimulation (Reviewer Fig. 2b). Analysis of mRNA expression verified that ST2 
transcript expression was very low in all culture conditions and substantially lower than in CTLs or Th2 
cells (Reviewer Fig. 2c). In line with these results, IL-33 stimulation of BMDMs did not upregulate TNF 
expression or enhance Poly(I:C)-induced expression of TNF (Reviewer Fig. 2d).  
 

 
Reviewer Figure 2. ST2 expression on bone-marrow-derived macrophages. Bone marrow cells 
were isolated from femurs and tibias of wildtype, Il1rl1-/-, or Il1rl1-ExAB-/- mice and differentiated in the 
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presence of recombinant M-CSF (20 ng/ml) for 7 days. a, Pre-gating strategy and representative FACS 
plot showing F4/80 and CD11b expression by differentiated BMDMs. b, Representative FACS plots 
showing no detectable expression of ST2 on BMDMs (n = 3 per genotype, experiment was performed 
twice). c,d, mRNA expression of ST2 (c) or TNF (d) by BMDMs after 24 h of stimulation with IL-33 (10 
ng/ml), IL-4 (10 ng/ml), IL-12 + IL-18 (10 ng/ml each), IFNa (250 U/ml) + IFN-g (10 ng/ml), Poly(I:C) (10 
µg/ml), or Poly(I:C) (10 µg/ml) + IL-33 (10 ng/ml).  e, Representative FACS plots showing ST2 
expression when BMDMs were differentiated for 7 days in the presence of M-CSF (20 ng/ml) and IL-4 
(10 ng/ml). f, Quantification of ST2 expression on BMDMs (WT: n = 5, Il1rl1-/-: n = 4, Il1rl1-ExAB-/-: n = 
4, data of independent experiments were pooled). Data are presented as mean ± SD with each dot 
representing one culture with bone marrow cells from individual mice. P was determined using two-tailed 
t-test (f, right panel) and One-way (f) or Two-way ANOVA (c,d) with Tukey’s post-hoc tests. 
 
 
The addition of IL-4 during BMDM culture was shown to promote differentiation into alternatively 
activated macrophages with higher expression of ST29. Indeed, we detected ST2 on the surface of 
WT macrophages when IL-4 was added one day after plating bone marrow cells, albeit still at low 
levels (Reviewer Fig. 2e,f). As expected, Il1rl1-ExAB-/- macrophages did not exhibit a reduction in ST2 
surface expression.  
At this point, we cannot explain the discrepancies between our results and the data published by 
Kearley et al.8 Thus, we refrain from including the data in the manuscript and hope the reviewer 
concurs with this decision. 
 
 
3) Role of the type-1 promoter in neutrophils: resting bone marrow neutrophils express low levels of 
ST2 mRNA, and ST2 protein is upregulated at the cell surface after IL-33 treatment (5). The authors 
should determine whether the type-1 promoter controls ST2 expression and/or IL-33 responsiveness 
in neutrophils.  
 
To study whether the type-1 promoter controls ST2 expression in neutrophils, we have assessed ST2 
expression of bone-marrow neutrophils in wildtype, Il1rl1-ExAB-/-, and Il1rl1-/- mice (Extended Data Fig. 
5h,k,l). Supporting data published by Alves-Filho et al.10, we found that a small but obvious population 
of resting neutrophils expressed ST2 protein (Extended Data Fig. 5k). Importantly, this population was 
still evident in Il1rl1-ExAB-/- mice even though in slightly lower frequency, and ST2 expression intensity 
within this population was largely comparable to WT mice (Extended Data Fig. 5l). Of note, using the 
same staining, we have determined ST2 expression by bone-marrow eosinophils, which worked 
remarkably well. We thus have included these data in Extended Data Fig. 5i,j, to extend our analysis 
of ST2 expression by innate type-2 immune cells.   
 
Next, we have purified bone-marrow neutrophils using a three-step Ficoll gradient11 followed by 24 h of 
stimulation with IL-33, IL12, IL-4, or combinations of IL-33 and IL12 or IL-4. To our surprise, using 
Il1rl1-/- neutrophils as controls, no ST2 expression could be detected on stimulated CD11b+ Ly6G+ 
neutrophils isolated from wildtype or Il1rl1-ExAB-/- mice (Reviewer Fig. 3a-c).  
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Reviewer Figure 3. ST2 expression on neutrophils stimulated in vitro. a, Pre-gating strategy for the 
analysis of Ly6G+ CD11b+ neutrophils. b,c, Bone-marrow neutrophils of wildtype, Il1rl1-/-, and Il1rl1-
ExAB-/- mice were isolated and stimulated with IL-33 (50 ng/ml), IL-12 (10 ng/ml), IL-4 (10 ng/ml), or 
combinations thereof, for 24 h. Representative FACS plots (b) and quantification (c) showing no 
detectable expression of ST2 on Ly6G+ CD11b+ neutrophils after ex vivo stimulation (n = 3 per genotype 
and condition, data represent one of two independent experiments). Data are presented as mean ± SD 
with each dot representing one mouse.  
 
 
We regret that the data shown in Reviewer Fig. 3b,c are not in line with results published by Alves-
Filho et al.10. As it is unclear what accounts for these inconsistencies (e.g. mouse background or 
experimental procedures), we prefer not to include these results in the manuscript. 
 
 
4) Detection of ST2 in immune cells and differences in expression levels: quantification of ST2 by flow 
cytometry is a critical method for this study. However, the authors used different mAb clones for the 
detection of ST2 in Th1 cells/CTLs (clone DJ8, with PE- or APC-FASER amplification; Fig 1b, 3e) and 
ILC2s/mast cells (clone DIH9, ST2-BV421; Ext Fig 4c, f). Commercial ST2 antibodies exhibit 
significant background staining and are best for highly expressing cells. Could it be that the 
background with clone DIH9 (ST2-BV421 direct fluorescent conjugate) was too high and the specific 
signal without amplification too low for detection of ST2 expression in Th1/CTLs ? The authors should 
comment about the differences in ST2 expression levels in different immune cells and explain why 
they developed a more sensitive assay with DJ8 mAb for Th1/CTLs. In the extended data figures, they 
should compare the different ST2 mAbs on the same cell types (both type-1 and type-2 immune cells) 
using Ilrl1 KO cells as controls for gating. RMST2-2 is another widely used mAb clone. The authors 
have all the tools in hands (various Il1rl1 KO cells) to perform a careful comparison of ST2 detection 
with the three clones (DJ8, DIH9, RMST2-2) on different type-1 and type-2 immune cells. This will be 
very useful for the scientific community and will increase the interest and impact of the article, beyond 
the field of T cells. 
 
Indeed, as the reviewer points out, a conventional single-step staining of ST2 is insufficient to achieve 
a good staining resolution on CTLs or Th1-polarized T cells, as the surface expression of ST2 on 
these cells is much lower than on Th2-polarized T cells, ILC2s, or mast cells12. Thus, we have 
established a staining protocol utilizing a digoxigenin-conjugated primary ST2 antibody, an APC- or 
PE-conjugated secondary Fab fragment, and two-rounds of FASER-amplification to determine ST2 
expression on CTLs or Th1 cells in a highly sensitive manner. However, for assessment of ST2 on 
mast cells and ILC2s ex vivo, we still utilize the commercially available, directly conjugated clone 
DIH9, as this staining takes less time and is much more cost effective. Further, using unamplified 
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stainings allows for higher flexibility in the flow-cytometry panel design, as the Faser amplification 
cannot be used when a staining with biotin-labelled antibodies or specific tandem-conjugates (e.g. 
APC-Cy7 or PE-Cy7) is required.  
To report on this technical aspect in more detail, we have directly compared our highly sensitive 
staining with a single-step staining using the clones DIH9 and RMST2-2 on high and low ST2 
expressing cells (Th2 and Th1 cells), as well as on ST2-deficient T cells as requested by the reviewer 
(Extended Data Fig. 1d,e)(p. 5, l. 101-105). Of note, prior to this experiment, the directly PE-
conjugated antibodies (DIH9 and RMST2-2) were titrated to assure optimal staining quality.  
Our comparison shows nicely that stainings with directly conjugated DIH9 or RMST2-2 antibodies 
were sufficient to discriminate ST2+ and ST2- cells when cells express high levels of ST2 (e.g. Th2 
cells). However, only by using our established highly sensitive staining protocol, we can achieve a 
good ST2 staining on ST2 low-expressing cells (e.g. Th1 cells) (Extended Data Fig. 1d,e). 
 
We thank the reviewer for the suggestion to specifically explain and elaborate the rationale behind 
using this enhanced staining procedure to visualize ST2 on antiviral T cells. We think that this 
comparison illustrates why ST2 expression and the impact of IL-33/ST2-signaling on type-1 polarized 
T cells, has been underestimated in so many studies.  
 
 
OTHER POINTS 
 
5) Fig. 2a and p6: it is not clear why the authors do not comment the T-bet/STAT4 ChIP-Seq and 
CD8+ SLEC (abbreviation not defined in the legend) ATAC-seq signals downstream of exons A + B ? 
No T-bet or STAT4 binding sites ? Sites not conserved in humans?  
 
Indeed, we focused on the ATAC-Seq signal 5kb upstream of exons A and B, as the position of the 
ATAC-peak downstream of the promoter did not coincide with a conserved DNA element. We have 
now explained this rationale in the text (p. 6, l. 155-157). 
 
 
6) Fig 2c: the position of the CNS-5 in the human gene is not clear. ChIP-seq data/binding sites for 
STAT4 ? 
 
Due to additional DNA elements between this CNS and the first exon A, which are present in humans 
but not in mice, the distance of the CNS in relation to the first exon is different in humans and should 
thus not be termed CNS-5 in this context. Nevertheless, we have indicated the position of this 
particular CNS (CNS-5 in mice) in Fig. 2c with a red arrow and added a description to the figure 
legend (p. 28, l. 770-773). Further, as pointed out in question 2 of Reviewer 1, we now provide easy 
access to data used in our manuscript via the following link: 
https://genome.ucsc.edu/s/agloehning/BrunnerServeetal2023. By uploading the RNA-Seq, ChIP-Seq, 
and ATAC-Seq data to the web-based UCSC genome browser, we offer reviewers and readers a tool 
to investigate the data in detail and to assess the conservation of all regions. We regret that we have 
not found suitable STAT4 ChIP-Seq data for human type-1-polarized T cells to complement the mouse 
T-bet ChIP data.  
 
 
7) p7 ‘However, due to hard-to-predict effects on the balance between IL-33-mediated inflammation 
and tissue repair, blockade of IL-33 or ST2 using therapeutic antibodies has shown conflicting results 
in preclinical disease models47’. This sentence is outdated. Blockade of IL-33 using therapeutic 
antibodies has shown encouraging efficacy in Phase 2 clinical trials of asthma and COPD, as recently 
reviewed (6). A more appropriate sentence/paragraph could be ‘Modulation of the IL-33–ST2 axis 
could represent a promising approach in treating inflammatory diseases. Blockade of IL-33 using 
therapeutic antibodies has shown encouraging efficacy in clinical trials of asthma and COPD (6). 
However, due to hard-to-predict effects on the balance between IL-33-mediated inflammation and 
tissue repair, fine-tuned treatment approaches might offer a critical advantage.’ 
 
We thank the reviewer for this suggestion and have amended the text accordingly (p. 7, l. 177-180). 
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Reviewer #3 
 
(Remarks to the Author) 
The authors characterize a distinct transcriptional process for expression of the gene (Il1rl1) encoding 
ST2 (the IL-33 receptor) in type-1 (CTL, Th1) compared to type-2 (Th2) T cells. They go on to show 
that ablation of the exons used in the “type-1” transcripts of Il1rl1 leads to selective loss of ST2 on 
those cells and impairs the generation of type-1 effector cells following viral infection. They also find 
that IL-33 promotes expression of genes which support TCR and costimulatory stimulation, and which 
are associated with effector cell differentiation.  
 
The report carefully lays out the methodical way in which the authors identify different upstream non-
coding exons that are selectively used for Il1rl1 transcripts in CTL/Th1 vs Th2 cells, and present strong 
evidence that this accurately distinguishes the basis for ST2 expression by type-1 vs type-2 T cells 
(with Treg aligning with Th2, in this case). Their generation of mice lacking the “type-1” related exons 
confirmed this, with selective loss of ST2 on Th1 and CTL, and their evidence is compelling that the 
impact of this mutation almost phenocopies the impact of complete Il1rl1 gene ablation, with respect to 
type-1 responses.  
 
The data are convincing, and – as the authors point out – this appears to be a rare (if not unique) 
example in which genes that are expressed by both type-1 and -2 polarized T cells involve distinct 
transcriptional start sites (regulated by distinct transcription factors). At the same time, once the 
authors find that loss of exons A/B (ExA/B) leads to almost complete loss of ST2 on type-1 cells, much 
of the subsequent data corresponds with earlier work, showing a cell-intrinsic role for ST2 in the anti-
viral response of these cells. This limitation is somewhat balanced by the authors going deeper than 
previous studies with respect to the gene expression changes driven by IL-33 in type-1 and -2 T cells 
(Fig. 6), and by their data indicating that IL-33 stimulation specifically enhances effector cell 
differentiation (Fig. 5). Nevertheless, there are remaining concerns.  
 
We thank the reviewer for the very positive feedback on our study. In particular, we are pleased to 
hear that our evidence for a dedicated type-1 promoter of the Il1rl1 gene is very convincing. Using the 
LCMV infection model in vivo in conjunction with our newly generated ExAB- or ExC-deficient mice 
allowed us to test precisely to which extend the type-1 promoter-deficient T cells recapitulate the 
reported phenotype of ST2-deficient T cells, while the data presented in Fig. 5 and Fig. 6 shed new 
light on IL-33/ST2 signaling and its functions in antiviral T cell responses. In addition, as shown in Fig. 
3 our findings of alternative Il1rl1 promoters for the first time allow T cell lineage-selective targeting of 
ST2 expression even in WT T cells. 
 
 
1) The studies on impaired generation of short-lived effector cells (SLEC) by CD8+ T cells lacking 
ExA/B are convincing but the consequences for memory differentiation are underdeveloped. 
Numerous panels in Figs. 4 and 5 present the frequencies and numbers of SLEC phenotype cells, but 
do not show the corresponding data for the MPEC (KLRG1- CD127+) cells – based on panels such 
Fig. 5e, one would presume these cells are increased in frequency. It is unclear whether MPEC are 
unchanged (or, perhaps more likely, modestly reduced) in absolute numbers. These data are needed 
for a more complete picture of how defective ST2 regulation (ExA/B knockout) or expression (Il1rl1 
knockout) affects CD8+ T cells differentiating along the effector vs memory pathways.  
 
We thank the reviewer for the recommendation to present the data for KLRG1- CD127+ MPECs to 
further elaborate the impact of IL-33/ST2 signaling on these cells. The reviewer correctly assumes 
that, in contrast to SLECs, absolute counts of MPECs per organ are only modestly decreased in Il1rl1-
ExAB-/- and Il1rl1-/- mice compared to wildtype mice. As suggested, we have added frequencies and 
absolute numbers of MPECs to all figures were SLEC frequencies were shown and amended the text 
accordingly (Fig. 5h,l, Fig. 6j,k, and Extended Data Fig. 6m) (p. 10-11,  l. 290-299; p. 13, l. 368-370; 
p. 16, l. 450-454). 
 
 
2) Along the same lines, the authors’ analysis of the anti-viral response of ExA/B and Il1rl1 deficient T 
cells appears to be limited to the first ~10 days following infection, and exclusively (as far as this 
reviewer can ascertain) focuses on cells in the spleen. It would be important to know how mutation of 
ExA/B impacts generation of the various subsets of circulating memory CD8+ and CD4+ T cells during 
these responses, and to extend the scope of the work to analysis of at least some non-lymphoid 
tissues to determine the effect on generation of resident memory T cells. As it stands, it is unclear 
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whether the loss of normal ST2 regulation leads to a selective loss of type-1 effector differentiation – 
with, perhaps, minimal effect on establishment of long-lived memory – or a more generalized defect 
that is magnified in but not exclusive to the effector pool.  
 
Indeed, we have focused our analyses to the first ~10 days after LCMV infection and primarily 
analyzed spleens, as well as in some cases livers, of infected animals (Extended Data Fig. 6a-f, n-r). 
ST2 expression on antiviral T cells and phenotypic differences between ST2-competent and ST2-
deficient T cells are most pronounced in the acute phase of the infection6,12. Thus, this time frame 
seemed optimal to accurately compare the response of Il1rl1-ExAB-/- T cells with Il1rl1-/- T cells and 
WT T cells. As mentioned in our reply to point 1) of this reviewer, the impact of IL-33–ST2 signaling 
does not selectively affect short-lived effector cells, yet the effect on MPEC numbers is less 
pronounced. 
To assess the role of the type-1 promoter and the impact of ST2 signaling on memory T cell formation, 
we have adoptively transferred naive P14, P14 Il1rl1-/-, or P14 Il1rl-ExAB-/- T cells into WT recipients, 
which were subsequently infected with LCMV. After 30 days, we have labeled T cells in circulation by 
intravenous injection of CD90.2 antibody and sacrificed the mice afterwards (Extended Data Fig. 9a). 
Analysis of spleens, lungs, salivary glands, and kidneys showed that a lack of ST2 or of the type-1 
ST2 promoter reduced the amount of P14 memory cells found in these organs (Extended Data Fig. 
9b-d). P14 cells of all genotypes predominantly formed effector memory cells (Tem) and no major 
impact on frequencies of central memory cells (Tcm) was observed (Extended Data Fig. 9e-g). 
Likewise, we have found that both circulating and tissue-resident memory T cells were formed, even in 
the absence of ST2 or the type-1 promoter (Extended Data Fig. 9h-j). Lastly, quantification of in vivo 
labeled and non-labeled P14 cells showed that numerical differences between P14 memory and P14 
Il1rl1-/- memory or P14 Il1rl1-ExAB-/- memory cells were more pronounced in the intravascular 
compartment (Extended Data Fig. 9k). 
 
We greatly appreciate the suggestion of the reviewer to investigate the impact of defective ST2 
regulation on MPEC/SLEC fate decision and memory cell formation. We have complemented our 
study with these newly acquired in vivo data and amended our manuscript at several positions (p. 10-
11, l. 299-306; p. 16, l. 450-454). We now report that deletion of the type-1 ST2 promoter or ST2 
largely impairs SLEC expansion, but to a lesser extent, also affects MPEC numbers and consequently 
the number of antiviral memory CTLs generated. In our opinion, these changes made in response to 
the reviewer’s comments have substantially improved the overall quality of our study.  
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