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22nd Nov 20211st Editorial Decision

Dear Dr. Gentle,

Thank you for the submission of your research manuscript to EMBO reports. We have now received the reports from the three
referees that were asked to evaluate your study, which can be found at the end of this email. 

As you will see, the referees think that these findings are of interest. However, they have several comments, concerns and
suggestions, indicating that a major revision of the manuscript is necessary to allow publication of the study in EMBO reports.
As the reports are below, and all their points need to be addressed, I will not detail them here.

Given the constructive referee comments, we would like to invite you to revise your manuscript with the understanding that all
referee concerns must be addressed in the revised manuscript or in the detailed point-by-point response. Acceptance of your
manuscript will depend on a positive outcome of a second round of review. It is EMBO reports policy to allow a single round of
revision only and acceptance of the manuscript will therefore depend on the completeness of your responses included in the
next, final version of the manuscript. 

Revised manuscripts should be submitted within three months of a request for revision. Please contact me to discuss the
revision should you need additional time.

When submitting your revised manuscript, please also carefully review the instructions that follow below. 

PLEASE NOTE THAT upon resubmission revised manuscripts are subjected to an initial quality control prior to exposition to re-
review. Upon failure in the initial quality control, the manuscripts are sent back to the authors, which may lead to delays.
Frequent reasons for such a failure are the lack of the data availability section (please see below) and the presence of statistics
based on n=2 (the authors are then asked to present scatter plots or provide more data points).

When submitting your revised manuscript, we will require: 

1) a .docx formatted version of the final manuscript text (including legends for main figures, EV figures and tables), but without
the figures included. Please make sure that changes are highlighted to be clearly visible. Figure legends should be compiled at
the end of the manuscript text.

2) individual production quality figure files as .eps, .tif, .jpg (one file per figure), of main figures and EV figures. Please upload
these as separate, individual files upon re-submission.

The Expanded View format, which will be displayed in the main HTML of the paper in a collapsible format, has replaced the
Supplementary information. You can submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1,
Figure EV2 etc. The figure legend for these should be included in the main manuscript document file in a section called
Expanded View Figure Legends after the main Figure Legends section. Additional Supplementary material should be supplied
as a single pdf file labeled Appendix. The Appendix should have page numbers and needs to include a table of content on the
first page (with page numbers) and legends for all content. Please follow the nomenclature Appendix Figure Sx, Appendix Table
Sx etc. throughout the text, and also label the figures and tables according to this nomenclature. 

For more details, please refer to our guide to authors: 
http://www.embopress.org/page/journal/14693178/authorguide#manuscriptpreparation

Please consult our guide for figure preparation: 
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

See also the guidelines for figure legend preparation:
https://www.embopress.org/page/journal/14693178/authorguide#figureformat

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point responses to their comments. As
part of the EMBO Press transparent editorial process, the point-by-point response is part of the Review Process File (RPF),
which will be published alongside your paper.

4) a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14693178/authorguide). Please insert page numbers in the checklist to indicate where
the requested information can be found in the manuscript. The completed author checklist will also be part of the RPF.

Please also follow our guidelines for the use of living organisms, and the respective reporting guidelines:
http://www.embopress.org/page/journal/14693178/authorguide#livingorganisms 



5) that primary datasets produced in this study (e.g. RNA-seq, ChIP-seq, structural and array data) are deposited in an
appropriate public database. If no primary datasets have been deposited, please also state this a dedicated section (e.g. 'No
primary datasets have been generated and deposited'), see below.

See also: http://embor.embopress.org/authorguide#datadeposition 

Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability " section (placed after Materials & Methods)
that follows the model below. This is now mandatory (like the COI statement). Please note that the Data Availability Section is
restricted to new primary data that are part of this study. 

# Data availability

The datasets produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/identifier/doi] ([URL or identifiers.org/DATABASE:ACCESSION]) 

*** Note - All links should resolve to a page where the data can be accessed. ***

Moreover, I have these editorial requests:

6) We strongly encourage the publication of original source data with the aim of making primary data more accessible and
transparent to the reader. The source data will be published in a separate source data file online along with the accepted
manuscript and will be linked to the relevant figure. If you would like to use this opportunity, please submit the source data (for
example scans of entire gels or blots, data points of graphs in an excel sheet, additional images, etc.) of your key experiments
together with the revised manuscript. If you want to provide source data, please include size markers for scans of entire gels,
label the scans with figure and panel number, and send one PDF file per figure. 

7) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at: http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

8) Regarding data quantification and statistics, can you please specify, where applicable, the number "n" for how many
independent experiments were performed, if these were biological or technical replicates, the bars and error bars (e.g. SEM,
SD) and the test used to calculate p-values in the respective figure legends. Please provide statistical testing where applicable,
and also add a paragraph detailing this to the methods section. See: 
http://www.embopress.org/page/journal/14693178/authorguide#statisticalanalysis

9) Please also note our reference format:
http://www.embopress.org/page/journal/14693178/authorguide#referencesformat

10) For microscopic images, please add scale bars of similar style and thickness to all the microscopic images, using clearly
visible black or white bars (depending on the background). Please place these in the lower right corner of the images. Please do
not write on or near the bars in the image but define the size in the respective figure legend.

11) Please order the manuscript sections like this:
Title page - Abstract - Introduction - Results - Discussion - Materials and Methods - DAS - Acknowledgements - Author
contributions - Conflict of interest - References - Figure legends - Expanded View Figure legends

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if you have questions or
comments regarding the revision. 

Please use this link to submit your revision: https://embor.msubmit.net/cgi-bin/main.plex

Yours sincerely,

Achim Breiling
Editor



EMBO Reports

----------------
Referee #1:

General Comments: This MS describes novel and significant observations regarding signaling mechanisms by which GM-CSF
can synergize with LPS to drive slow but sustained NLRP3/caspase-1-dependent proteolytic processing and non-lytic secretion
of IL-1beta from murine bone marrow-derived monocytic macrophages. The authors present compelling data that supports an
atypical pathway for processing and release of IL-1beta that includes: 1) LPS induced production of autocrine TNFa; 2) TNFa
induction of mitochondrial ROS production; 3) GM-CSF-mediated suppression of the LPS-driven up-regulation of the Nrf2
master anti-oxidant protein; 4) ROS-dependent potentiation of an NLRP3/ASC/caspase-1 signaling axis which does NOT
involve stable assembly of large NLRP3/ASC inflammasome signaling platforms; 5) sufficient caspase-1 activity to drive the
proteolytic processing of proIL-1beta to mature IL-1b; 6) a GM-CSF-dependent increase in K63-ubiquitination of proIL-1beta
which further enhances its proteolytic processing by caspase-1; 7) an atypical pathway for secretion/ release of the mature IL-
1beta that is dependent on Gasdermin D (GSDMD) but apparently independent of GSDMD-proteolytic cleavage, GSDMD-pore-
driven plasma membrane permeabilization and consequent pyroptosis. In general, the experiments are well-designed and
thoughtfully interpreted. However, some additional experiments and discussion related to the atypical mechanism(s) underlying
the observed IL-1beta secretion are required. A few other technical issues require clarification.

Specific Comments:

1. The authors cite Monteleone et al 2018 as background for how GSDMD pores can mediate slow IL-1beta release in the
absence of pyroptotic cell death. However, the SyTox green uptake experiments (Fig 3D) indicate that no plasma membrane
pores accumulate during LPS/GM-CSF stimulation of the HoxB8 macrophages. If GSDMD pores accumulated even transiently
in low numbers and are countered by robust membrane repair, the SyTox influx through the non-lytic pores will intercalate with
cellular DNA and irreversibly (on the time scale of these experiments) mark those cells with fluorescent SyTox/DNA complexes.
Thus, IL-1beta efflux through non-lytic plasma membrane GSDMD pores is an unlikely mechanism. Rather, it seems that
GSDMD is regulating an alternative IL-1b release that may involve trafficking to a vesicular export pathway (exosomes?
secretory autophagosomes?) in these bone marrow monocyte-derived macrophages models. Several recent studies have
described such pathways in other myeloid or non-myeloid cell models (Karmakar et al. 2020. PMID32371889; Kimura et al.
2017, PMID 27932448). The authors should evaluate whether some of these alternative pathways are involved in the observed
IL-1beta secretion in their experiments. This is an important mechanistic question.

2.Fig 4: The authors should indicate whether exogenous TNFalpha "rescues" the LPS-induced accumulation of Nrf2 in the TNF-
knockout macrophages.

3. Fig 5E: The authors should discuss the significance of the 35 kDa caspase-1 band observed in non-stimulated cells (lane 2).

4. Fig. 5: Prolonged treatment of most macrophages with LPS and the zVAD pan-caspase inhibitor induces necroptosis due the
suppression of caspase-8 which otherwise restrains RIP1 and RIP3 activation. This should be evaluated/ considered in this
experimental model.

----------------
Referee #2:

In the current manuscript, the authors describe that GM-CSF induces Nlrp3-dependent Il1b secretion in macrophages in vitro
mediated by a ROS-dependent pathway, suppression of Nrf2 and post-translational modifications of Il1b.

The manuscript demonstrates a well constructed series of experiments with an interesting finding. However, several issues need
be addressed, and experiments included that would strengthen their claim.

Key points:

Throughout the paper, secreted IL-1b is measured and the implication is that the effects of LPS/GM-CSF and various other
reagents added to cell cultures which inhibit IL-1b secretion are, in fact, specific to IL-1b release. The authors should add
experiments aimed at de-risking the possibility of a broader inhibition of secretory proteins by these various reagents may be
taking place. This is necessary to strengthen the connection between the proposed mechanism and the results provided.
To further elaborate with an example, in Figure 2, the authors claim that LPS stimulated HoxB8 macrophages produce
mitochondrial ROS, and that these ROS are driving IL-1β secretion. 

Small molecules can have many unidentified off target effects. 25 uM is a high concentration for 16h incubation periods and
there is not much literature on Mdivi-1, so I recommend strengthening this point with some additional experiments. The
awareness to avoid undesired toxicity of small molecules is appreciated, but this is not the only class of off-target effects that



can be observed or make interpretation of results challenging.

The authors should show that secretion of other proinflammatory proteins is not inhibited (in your assay set ups) by the
compounds used, ideally using a dose response strategy that covers the concentration used in the manuscript (for example, the
25uM MDIVI-1 or 50mM KCl). This should be considered for all compounds used that showed an increase or decrease of IL-1b
secretion.

Perhaps a multiplex proinflammatory cytokine/chemokine assay on supernatants from LPS/GM-CSF-stimulated Hoxb8 and
BMDMMs to show that indeed the reduction is either specific to, or enhanced for, IL-1b secretion.

Compounds to consider for this experiments include:
CRT0066101
NAP
CCCP
MDIVI-1
Punicalagin 
KCl

If a claim is to be made that a mechanism influencing IL-1b secretion is discovered, it should ideally be shown in context of other
cytokines and secreted proteins - namely that they are-or-are-not equally affected. 

Perhaps the GM-CSF/NRF2 axis is of broader importance? This should be clarified.

Additional comments:

- Figure 4 - Whilst the impact of GM-CSF in NRF2 is clear and a key result in the manuscript is observable.... the "two waves"
described in the text relating to Fig 4A seem to be influenced by less protein abundance at the 8h time point (at least in the
Hoxb8 samples)? The actin controls seem less intense at the 8h time point and I do not see a normalisation to band strength. A
comment on this would be appreciated. Also, this should be quantified.

- It would be nice to have a section in the discussion outlining the relative importance of these findings to human disease and
development of new therapies. Are there any trials assessing ROS inhibition in IL-1b dependent disorders like CAPS, SJIA, FMF
and others...?.

- Based on Supplementary Figure 1, it would recommend another experiment. CSF-1 promotes survival and differentiation of
monocytes. GM-CSF has also been shown to have similar effects. It would be nice to show that CSF-1 has no impact on IL-1b
secretion, particularly via the same mechanism. I would recommend running the same experiments as in Figure 1C and 4B with
CSF-1, alongside GM-CSF. This would help to rule out survival benefits of exogenous cytokines in the culture systems. 

- Figure 2b, an FMO (no reagent added) should be shown as control for each condition in the same histogram. This should be
quantified with MFI.

- For all figures, number of samples must be added. In addition, it is not clear whether one experiment is shown or pooled data
of several experiments. Individual dots for the replicates should be shown for each experiment. 

- For western blots, quantifications need to be added

----------------
Referee #3:

The manuscript entitled "GM-CSF suppresses antioxidant signaling through NRF2 downregulation, driving IL-1β secretion" by
Carlo et al has used Bone marrow derived monocytic macrophages (BMDMM) and HoxB8 differentiated to monocytic
macrophages as model systems to decipher the underlying mechanism of IL-1β secretion reported earlier by the monocytic
macrophages in BMDC cultures. The study has shown secretion of IL-1β upon GM-CSF treatment to LPS primed monocytic
macrophages. The IL-1β secretion was dependent on components of inflammasome signalling such as Asc, NLRP3, Caspase-1
and GSDMD indicating the role of caspase-1 signalling during GM-CSF mediated IL-1β release. The study goes on to show that
GM-CSF mediated IL-1β secretion was dependent on ROS, wherein GM-CSF inhibits the antioxidant signalling via
downregulation of NRF2 at mRNA levels as well as affecting the protein degradation. ROS signalling in turn was dependent on
LPS-mediated TNF upregulation. The authors finally show that ROS results in ubiquitylation of IL-1β at K133, which may result
in its cleavage and secretion. 
Therefore, the manuscript provides a link between GM-CSF and regulation of oxidative stress, which in turn can regulate IL-1β
maturation and secretion. 
The experiments performed are conclusive and augment the scientific conclusions made in the manuscript. However, I have the



following suggestions and concerns:

- Addition of GM-CSF to LPS primed cells results in IL-1β secretion (Fig 1A) and production of pro-IL -1β in cells over and above
only LPS control (Fig 1B). The authors can include only GM-CSF controls without LPS priming in both these observations. It is
important to show only GM-CSF controls, as GM-CSF is used for differentiation of these cells in the first place, and to see the
effect of GM-CSF on IL-1β production and secretion without LPS priming. 

- Although, the authors have cited a paper, it is still important to show the transcriptional upregulation of IL-1β upon GM-CSF
addition in this scenario. Since, the later section of manuscript points towards the post-translational modification of IL-1β
mediated by GM-CSF, it is worthy to see the effect of GM-CSF on the transcription of IL-1β as there are higher levels of pro-IL-
1β in GM-CSF treated cells than LPS alone. Is it due to transcriptional upregulation or the post translation modifications and
protein stability?

- In figure 1C, authors have shown the secretion of GM-CSF mediated IL-1β to de dependent on Asc, NLRP3 and Caspase-1.
However, the production of GM-CSF mediated pro-IL-1β is not dependent on these players. I would expect higher levels of pro-
IL-1β than WT in all these cases as there is no IL-1β secretion. A densitometric analysis of the pro-IL-1β blot in this case will be
helpful for the readers to appreciate the pro-IL1- β levels upon GM-CSF treatment and in case where there is no secretion. 

- In fig 1C, the authors can consider validating the KO lines using western blots as a supplementary information. 

- In Fig 3C, the secreted IL-1β levels on LPS+TNF and LPS+GM-CSF+TNF are not statistically significant. However, the authors
have concluded in the text that GM-CSF enhances the secretion of IL-1 β in this case. The text "Addition of TNF and LPS alone
..............., but this could be further enhanced again by GM-CSF addition........ (Figure 3C)". I think such conclusion is not
experimentally validated in the figure. 

- In fig 3B and 3C, the levels of TNF produced/secreted is approximately 7.5 to 10 ng/mL upon LPS or LPS+GM-CSF treatment.
However, the authors have used 100 ng/mL of rTNF in figure 3C. The effect of GM-CSF on IL-1β production vs LPS alone may
be much more prominent if the authors use 10 ng/mL of TNF, which seems physiological in this case rather than a saturating
concentration of 100 ng/mL for the experiment. 

- The authors conclude that it is TNF-mediated ROS induction which leads to GM-CSF mediated IL-1β secretion. An experiment
with rTNF and mDIVI on TNF knock-out cells with controls will be much more conclusive way of saying the same. 

- The authors have not supported the text "GM-CSF treated cells did not show increased ROS staining" with any experimental
results. 

- In supplementary figure 4, the authors have concluded that GM-CSF regulates the protein stability of NRF2 and despite lower
mRNA levels of NRF2 post GM-CSF treatment; it is the proteasomal degradation of NRF2 that is higher in case of GM-CSF
treatment. However, the results provided do not give proper explanation of the conclusion made. In fig supp 4B, there is lower
protein levels of NRF2 upon GM-CSF treatment in comparison to LPS alone, this could be because of lower mRNA levels as
shown in fig supp 4A. Upon addition of MG-132, there are higher NRF2 levels in LPS alone treatment, and there are higher
levels of NRF2 in cells treated with LPS+GM-CSF. Although, this could entirely be due to accumulation of NRF2 since there is
no degradation happening and the lower levels are entirely due to lower mRNA levels. The authors should provide a kinetic
experiment using cycloheximide to show higher turnover of NRF2 in GM-CSF treated cells vs LPS alone treatment, to support
the conclusions. 

- The western blot in figure 5C looks very white for Caspase-1 knock-out. Can authors provide any other representative blot?

- Is there any published report to support the statement "To determine the trigger for ubiquitylation of IL-1β we reasoned that
ROS, which are required ..................role in IL-1β ubiquitylation"?

- Fig 6 shows that GM-CSF mediated ubiquitylation of IL-1β at K133 and its secretion is dependent on ROS. However, there is
no increased ROS experimentally observed in GM-CSF treated cells. The downregulation of NRF2 may result in increased
ROS, but that was not observed experimentally. Can the authors comment on this enigma?

- Finally, the GM-CSF mediated IL-1β secretion is dependent of K133 ubiquitylation. Is it possible for the authors to transfect an
active form of A20 DUB to the cells to show that deubiquitylation of K133 will result in no IL-1β secretion post GM-CSF
treatment?

Minor comment:
- Figure 5B and 5C, is it LPS + GM-CSF + Nigercin or LPS + Nigercin?
- The authors have not cited Figure 5E.



Referee #1: 

General Comments: This MS describes novel and significant observations regarding signaling 
mechanisms by which GM-CSF can synergize with LPS to drive slow but sustained NLRP3/caspase-1-
dependent proteolytic processing and non-lytic secretion of IL-1βeta from murine bone marrow-
derived monocytic macrophages. The authors present compelling data that supports an atypical 
pathway for processing and release of IL-1βeta that includes: 1) LPS induced production of autocrine 
TNFa; 2) TNFa induction of mitochondrial ROS production; 3) GM-CSF-mediated suppression of the 
LPS-driven up-regulation of the Nrf2 master anti-oxidant protein; 4) ROS-dependent potentiation of 
an NLRP3/ASC/caspase-1 signaling axis which does NOT involve stable assembly of large NLRP3/ASC 
inflammasome signaling platforms; 5) sufficient caspase-1 activity to drive the proteolytic processing 
of proIL-1βeta to mature IL-1β; 6) a GM-CSF-dependent increase in K63-ubiquitination of proIL-1βeta 
which further enhances its proteolytic processing by caspase-1; 7) an atypical pathway for secretion/ 
release of the mature IL-1βeta that is dependent on Gasdermin D (GSDMD) but apparently 
independent of GSDMD-proteolytic cleavage, GSDMD-pore-driven plasma membrane 
permeabilization and consequent pyroptosis. In general, the experiments are well-designed and 
thoughtfully interpreted. However, some additional experiments and discussion related to the 
atypical mechanism(s) underlying the observed IL-1βeta secretion are required. A few other technical 
issues require clarification. 

We thank you for your positive response and criticisms. Please see below for our reply to your 
concerns. 

Specific Comments: 

1. The authors cite Monteleone et al 2018 as background for how GSDMD pores can mediate slow IL-
1βeta release in the absence of pyroptotic cell death. However, the SyTox green uptake experiments
(Fig 3D) indicate that no plasma membrane pores accumulate during LPS/GM-CSF stimulation of the
HoxB8 macrophages. If GSDMD pores accumulated even transiently in low numbers and are
countered by robust membrane repair, the SyTox influx through the non-lytic pores will intercalate
with cellular DNA and irreversibly (on the time scale of these experiments) mark those cells with
fluorescent SyTox/DNA complexes. Thus, IL-1βeta efflux through non-lytic plasma membrane GSDMD
pores is an unlikely mechanism. Rather, it seems that GSDMD is regulating an alternative IL-1β
release that may involve trafficking to a vesicular export pathway (exosomes? secretory
autophagosomes?) in these bone marrow monocyte-derived macrophages models. Several recent
studies have described such pathways in other myeloid or non-myeloid cell models (Karmakar et al.
2020. PMID32371889; Kimura et al. 2017, PMID 27932448). The authors should evaluate whether
some of these alternative pathways are involved in the observed IL-1βeta secretion in their
experiments. This is an important mechanistic question.

We thank the reviewer for this helpful comment. We must apologise as it seem we mislabelled the 
figure legend for the sytox green assays shown. In these assays the sytox green was in fact added 
after the LPS treatment and was thus not present throughout the assay time. To answer this question 
however, we have redone the experiments with the sytox green present throughout the time course. 
Supporting the reviewer’s previous conclusion, there is no evidence of significant uptake of sytox 
green, and no differences between LPS and LPS + GM-CSF could be detected, arguing against there 
being transient pores of gasdermin D opening up. We further confirmed this by using PEG co-
incubation throughout the experiment. Addition of different sizes of PEG can prevent leakage of 
cytoplasmic contents from plasma membrane pores and was shown to prevent IL-1β release 
previously. Addition of three different sizes of PEG could not prevent secretion of IL-1β, again arguing 
against there being a pore involved in its release (see new figure 8).  

22nd Mar 20221st Authors' Response to Reviewers



To address the idea that alternative pathways may be involved, we used confocal microscopy to 
analyse co-localization of IL-1β with either LAMP2 or LC3 as markers of autophagic vesicles or 
lysosomes, both of which were proposed to traffic IL-1β out of the cell as indicated in the references 
mentioned by the reviewer. We could detect some co-localization of LAMP2 with IL-1β, however this 
was relatively minor. There was a significantly better co-localizaiton with LC3 suggesting that IL-1β 
may travel through autophagic vesicles for secretion. To determine if autophagy was required for IL-
1β release, we differentiated ATG-/- HoxB8 cells derived from ATG5-/- foetal liver. Interestingly, loss 
of ATG5 resulted in an increase of IL-1β secretion, both with LPS alone and also with LPS+GM-CSF. 
This argues against an autophagy dependent secretory pathway (see new figure 6).  
Of not however, was the localization of IL-1β was mostly in larger longer structures with the LC3 
decorating the IL-1β positive area, rather than IL-1β being inside or on LC3 vesicles. These longer 
structures are similar to those reported to be membrane ruffles in Monteleone etal (1). To confirm 
this, the cells were also stained with Phalloidin to stain filamentous actin which is responsible for the 
ruffle formation. There was a strong correlation of Phalloidin and IL-1β. LC3 vesicles could also be 
seen accumulating in the ruffle regions. This coupled with the increased secretion in ATG5-/- cells 
may suggest that IL-1β is rather being targeted for degradation by autophagy rather than IL-1β 
requiring it for secretion. This could explain the low level of co-localization with LAMP2, being the 
endpoint of autophagic degradation.  
Given the large and complex nature of membrane ruffles it may also simply be co-incidental co-
localization to these regions. The data do however fit with previous studies showing loss of ATG16L1 
leads to spontaneous secretion of IL-1β upon LPS stimulation (2). 
 
We cannot confirm how IL-1β gets to the Ruffles, however the study by Monteleone revealed that 
once at the ruffles IL-1β could be secreted by both gasdermin D dependent and Independent 
mechanisms. It seem in the model we have identified the Gasdermin D dependent pathway is 
dominant. In this study they propose that IL-1β must be cleaved to enrich it at the plasma 
membrane. Given the large amount detected in the ruffles in HoxB8 macrophages, but the relative 
low amount of processed IL-1β detected in the cell lysates, this would suggest that cleavage is not a 
pre-requisite for Ruffle localization, and suggest that cleavage may occur within these ruffle regions 
themselves. We now propose that IL-1β can be recruited to ruffle regions, probably through the 
polybasic region identified by monteleone etal. Confocal images of gasdermin D show a speckled 
pattern possibly reflecting vesicle localization. Gasdermin D was previously reported to promote il1b 
ubiquitylation (3) and we could confirm that loss of gasdermin D also strongly reduced IL-1β 
ubiquitylation (see new figure 8). We thus propose a model whereby IL-1β is trafficked to membrane 
ruffles, by an unknown route. GasderminD may promote IL-1β traffic or secretion or both, possibly 
through regulating its ubiquitylation.  
 
 
2.Fig 4: The authors should indicate whether exogenous TNFalpha "rescues" the LPS-induced 
accumulation of Nrf2 in the TNF-knockout macrophages. 
We have now treated the TNF-/- cells with TNF and showed an induction of NRF2 by western blot 
(see new figure 4). The induction was not statistically significant however. This may be due to the 
timing of when we have analysed the levels of NRF2. There is clearly an effect of exogenous TNF on 
IL-1β  production as seen in figure 3C and this could be prevented by mDIVI. We do not know 
however how early TNF is inducing ROS and therefore NRF2 or for how long NRF2 remains induced. 
We have looked at 12 hours to try and choose a point at which we normally see a difference between 
the treatments, but it could be that treatment with exogenous TNF induces a more rapid response 
than with LPS and this is already fading by 12 hours. Due to the time constraints in the revision we 
could not do extensive time courses to confirm this however.  
 
3. Fig 5E: The authors should discuss the significance of the 35 kDa caspase-1 band observed in non-
stimulated cells (lane 2).  



We have now discussed this in the results and discussion. The antibody used for figure 5E recognizes 
the p20 but not the p10 and thus does not recognize the c-terminus, thus it is likely that the 35KDa 
fragment represents the CARD and Large subunits. Constitutive cleavage within the Inter-domain 
linker (IDL) is thus likely responsible for this fragment which can be blocked by zVAD. This implies 
that there is a constitutive activation of caspase-1 in cells. We do not know which receptor is 
responsible for this low level constitutive activation.  
 
4. Fig. 5: Prolonged treatment of most macrophages with LPS and the zVAD pan-caspase inhibitor 
induces necroptosis due the suppression of caspase-8 which otherwise restrains RIP1 and RIP3 
activation. This should be evaluated/ considered in this experimental model. 
We are aware of this issue and had therefor especially titrated zVAD down to a level where no cell 
death could be detected (10µM). We have now included data to back this up showing that no cell 
death occurs at 10µM but 50µM ( a dose typically used for induction of necroptosis) efficiently kills 
the cells (See Appendix Figure S4).  
 
---------------- 
Referee #2: 
 
In the current manuscript, the authors describe that GM-CSF induces Nlrp3-dependent Il1b secretion 
in macrophages in vitro mediated by a ROS-dependent pathway, suppression of Nrf2 and post-
translational modifications of Il1b. 
 
The manuscript demonstrates a well constructed series of experiments with an interesting finding. 
However, several issues need be addressed, and experiments included that would strengthen their 
claim. 
Thank you for your review and positive comments and constructive criticism. Please see below for 
point by point response to your concerns. 
 
Key points: 
 
Throughout the paper, secreted IL-1β is measured and the implication is that the effects of LPS/GM-
CSF and various other reagents added to cell cultures which inhibit IL-1β secretion are, in fact, 
specific to IL-1β release. The authors should add experiments aimed at de-risking the possibility of a 
broader inhibition of secretory proteins by these various reagents may be taking place. This is 
necessary to strengthen the connection between the proposed mechanism and the results provided. 
To further elaborate with an example, in Figure 2, the authors claim that LPS stimulated HoxB8 
macrophages produce mitochondrial ROS, and that these ROS are driving IL-1β secretion. 
 
Small molecules can have many unidentified off target effects. 25 uM is a high concentration for 16h 
incubation periods and there is not much literature on Mdivi-1, so I recommend strengthening this 
point with some additional experiments. The awareness to avoid undesired toxicity of small 
molecules is appreciated, but this is not the only class of off-target effects that can be observed or 
make interpretation of results challenging. 
 
The authors should show that secretion of other proinflammatory proteins is not inhibited (in your 
assay set ups) by the compounds used, ideally using a dose response strategy that covers the 
concentration used in the manuscript (for example, the 25uM MDIVI-1 or 50mM KCl). This should be 
considered for all compounds used that showed an increase or decrease of IL-1β secretion. 
 
Perhaps a multiplex proinflammatory cytokine/chemokine assay on supernatants from LPS/GM-CSF-
stimulated Hoxb8 and BMDMMs to show that indeed the reduction is either specific to, or enhanced 
for, IL-1β secretion. 
 



Compounds to consider for this experiments include: 
CRT0066101 
NAP 
CCCP 
MDIVI-1 
Punicalagin 
KCl 
 
If a claim is to be made that a mechanism influencing IL-1β secretion is discovered, it should ideally 
be shown in context of other cytokines and secreted proteins - namely that they are-or-are-not 
equally affected. 
 
Perhaps the GM-CSF/NRF2 axis is of broader importance? This should be clarified. 
 
We thank the reviewer for this important point. We have now performed a multiplex ELISA 
(Legendplex – biolegend) on samples from Hoxb8 cells treated with most of the inhibitors and 
compounds. The results are presented in Figure EV2. For the majority of cytokines, there was no 
significant increase in secretion in response to GM-CSF, with the exception of IL-6 and MCP-1, which 
both showed increases. There were mixed results for the effect of inhibitors. For most cytokines the 
majority of the inhibitors showed no significant alterations in secretion. Punicalagin could only 
reduce secretion of CXCL10 to some extent, but actually increased secretion of TNF. mDIVI and 
Mitotempo could only significantly decrease expression of IL-6, but NAC did not. IL-6 is thus the only 
cytokine tested that somewhat mimics IL-1β in that it is increased by GM-CSF treatment and 
promoted by mitochondrial ROS production.  
We further analysed supernatants from primary cells using the legendplex. The only significant 
difference detected was the GM-CSF induced IL-1β increase and this was reduced by mitoTEMPO as 
already reported in the manuscript.  
Additionally we have now quantified western blots from samples treated with the various inhibitors 
and shown that there is no loss of pro-IL-1β production (see new figure EV 1). 
We conclude from these results that the various inhibitors are not having global effects on cytokine 
secretion or IL-1β production at the doses used. The regulation of IL-1β secretion appears to be fairly 
specific.  
 
Additional comments: 
 
- Figure 4 - Whilst the impact of GM-CSF in NRF2 is clear and a key result in the manuscript is 
observable.... the "two waves" described in the text relating to Fig 4A seem to be influenced by less 
protein abundance at the 8h time point (at least in the Hoxb8 samples)? The actin controls seem less 
intense at the 8h time point and I do not see a normalisation to band strength. A comment on this 
would be appreciated. Also, this should be quantified.  
 
We agree that the loading controls were not of the best quality. We have re-probed the membranes 
shown with other loading controls to get better signals and have included these in the modified 
figure. For the HoxB8 cells, although we consistently see loss of NRF2, the signal gradually comes 
back and is usually similar to wild type by 16 hours, whereupon il1b secretion plateaus. The timing of 
this recovery is not exact and in some experiments may occur by 14  and in others at 12 hours for 
example. Because of this statistical analysis shows rather poor p values, but by 14 hours the Hoxb8 
cells become significant. We have now quantified the blots from different time courses and have 
presented this in figure 4. We have also toned down the statement that there is a strong reduction of 
NRF2 to reflect this. We hope these changes are satisfactory.  
 



- It would be nice to have a section in the discussion outlining the relative importance of these 
findings to human disease and development of new therapies. Are there any trials assessing ROS 
inhibition in IL-1β dependent disorders like CAPS, SJIA, FMF and others...?. 
 
To the best of my knowledge there are no clinical trials testing ROS scavengers in IL-1β dependent 
disorders. We have however endeavoured to make some more discussion about the relevance of 
these findings to disease and possible uses for therapeutics strategies. 
 
- Based on Supplementary Figure 1, it would recommend another experiment. CSF-1 promotes 
survival and differentiation of monocytes. GM-CSF has also been shown to have similar effects. It 
would be nice to show that CSF-1 has no impact on IL-1β secretion, particularly via the same 
mechanism. I would recommend running the same experiments as in Figure 1C and 4B with CSF-1, 
alongside GM-CSF. This would help to rule out survival benefits of exogenous cytokines in the culture 
systems. 
 
We have now performed experiments using M-CSF (CSF-1) alongside GM-CSF or with GM-CSF alone. 
There is no induction of IL-1β by LPS + M-CSF, and addition of GM-CSF alone also cannot stimulate IL-
1β secretion. See new appendix figure S2. 
 
- Figure 2b, an FMO (no reagent added) should be shown as control for each condition in the same 
histogram. This should be quantified with MFI. 
We have included this in the histograms and have also quantified the results and shown them in the 
new figure 2. There is a significant reduction in MFI in response to CCCP. 
 
- For all figures, number of samples must be added. In addition, it is not clear whether one 
experiment is shown or pooled data of several experiments. Individual dots for the replicates should 
be shown for each experiment. 
We have now indicated in all figure legends what the dots represent and shown the individual 
biological replicates for each analysis.  
 
- For western blots, quantifications need to be added 
We have quantified the majority of western blots where a quantitative difference is being shown. For 
those simply qualitative differences, such as presence of cleaved caspase-1 bands no quantification 
has been included. 
 
 
---------------- 
Referee #3: 
 
The manuscript entitled "GM-CSF suppresses antioxidant signaling through NRF2 downregulation, 
driving IL-1β secretion" by Carlo et al has used Bone marrow derived monocytic macrophages 
(BMDMM) and HoxB8 differentiated to monocytic macrophages as model systems to decipher the 
underlying mechanism of IL-1β secretion reported earlier by the monocytic macrophages in BMDC 
cultures. The study has shown secretion of IL-1β upon GM-CSF treatment to LPS primed monocytic 
macrophages. The IL-1β secretion was dependent on components of inflammasome signalling such 
as Asc, NLRP3, Caspase-1 and GSDMD indicating the role of caspase-1 signalling during GM-CSF 
mediated IL-1β release. The study goes on to show that GM-CSF mediated IL-1β secretion was 
dependent on ROS, wherein GM-CSF inhibits the antioxidant signalling via downregulation of NRF2 at 
mRNA levels as well as affecting the protein degradation. ROS signalling in turn was dependent on 
LPS-mediated TNF upregulation. The authors finally show that ROS results in ubiquitylation of IL-1β at 
K133, which may result in its cleavage and secretion. 
Therefore, the manuscript provides a link between GM-CSF and regulation of oxidative stress, which 
in turn can regulate IL-1β maturation and secretion. 



The experiments performed are conclusive and augment the scientific conclusions made in the 
manuscript. However, I have the following suggestions and concerns: 
 
Thank you for your review and positive comments and constructive criticism. Please see below for 
point by point response to your concerns. 
 
- Addition of GM-CSF to LPS primed cells results in IL-1β secretion (Fig 1A) and production of pro-IL -
1β in cells over and above only LPS control (Fig 1B). The authors can include only GM-CSF controls 
without LPS priming in both these observations. It is important to show only GM-CSF controls, as 
GM-CSF is used for differentiation of these cells in the first place, and to see the effect of GM-CSF on 
IL-1β production and secretion without LPS priming. 
We have now included these controls and as expected, GM-CSF is not sufficient to induce IL-1β 
secretion on its own (see Appendix figure S2). 
 
- Although, the authors have cited a paper, it is still important to show the transcriptional 
upregulation of IL-1β upon GM-CSF addition in this scenario. Since, the later section of manuscript 
points towards the post-translational modification of IL-1β mediated by GM-CSF, it is worthy to see 
the effect of GM-CSF on the transcription of IL-1β as there are higher levels of pro-IL-1β in GM-CSF 
treated cells than LPS alone. Is it due to transcriptional upregulation or the post translation 
modifications and protein stability? 
We have now performed qPCR and included it in figure EV 1A and B. GM-CSF leads to a roughly 3.5 
fold induction of IL-1β at the mRNA level, but only around 2 fold at the protein level. Quantification 
of western blots however shows that the increase is not significant. Therefore, GM-CSF can induce IL-
1β transcription, but this has a relatively mild effect on protein levels, which cannot explain the large 
increase in secretion we observe.  
 
- In figure 1C, authors have shown the secretion of GM-CSF mediated IL-1β to be dependent on Asc, 
NLRP3 and Caspase-1. However, the production of GM-CSF mediated pro-IL-1β is not dependent on 
these players. I would expect higher levels of pro-IL-1β than WT in all these cases as there is no IL-1β 
secretion. A densitometric analysis of the pro-IL-1β blot in this case will be helpful for the readers to 
appreciate the pro-IL1- β levels upon GM-CSF treatment and in case where there is no secretion. 
We have now quantified all blots in question and the quantification is included. There is no 
significant increase in pro-il1b in the various knockouts (Figure EV 1C). This is perhaps not surprising, 
as a loss of secretion due to knockouts may not necessarily result in detectable increases in 
intracellular IL-1β over the time periods we use. We see a slow and steady secretion of IL-1β 
between 8-16 hours. It is not clear what happens to IL-1β that is not secreted. It may be turned over 
in that time, thus preventing accumulation for example.  
 
- In fig 1C, the authors can consider validating the KO lines using western blots as a supplementary 
information. 
We have now included western blots for all of the knockouts within the relevant figures where they 
are used. For controlling TNF-/- we used ELISA instead of western blot.  
 
- In Fig 3C, the secreted IL-1β levels on LPS+TNF and LPS+GM-CSF+TNF are not statistically significant. 
However, the authors have concluded in the text that GM-CSF enhances the secretion of IL-1 β in this 
case. The text "Addition of TNF and LPS alone ..............., but this could be further enhanced again by 
GM-CSF addition........ (Figure 3C)". I think such conclusion is not experimentally validated in the 
figure. 
 
We have now repeated this experiment at 50ng/mL. Please see below comment for an explanation 
of why we have used this concentration now. With this dose, we see a significant difference after 
addition of GM-CSF. We have additionally used mDIVI here as well and shown that blocking ROS with 
mDIVI reverses the effect of GM-CSF in the presence of exogenous TNF. TNF without GM-CSF is still 



able to induce IL-1β secretion which is not dependent on ROS. This may be due to parallel activation 
of other inflammasomes by TNF or even caspase-8 dependent cleavage of IL-1β for example.  
 
 
- In fig 3B and 3C, the levels of TNF produced/secreted is approximately 7.5 to 10 ng/mL upon LPS or 
LPS+GM-CSF treatment. However, the authors have used 100 ng/mL of rTNF in figure 3C. The effect 
of GM-CSF on IL-1β production vs LPS alone may be much more prominent if the authors use 10 
ng/mL of TNF, which seems physiological in this case rather than a saturating concentration of 100 
ng/mL for the experiment. 
 
We have now preformed multiplex ELISA and detected TNF in these same samples using this method. 
Surprisingly, the amount of TNF detected is much higher than we detected with plate ELISA and 
corresponds to roughly 50-70ng/mL of TNF. We have reason to suspect the sensitivity of our plate 
ELISAs for TNF unfortunately, based on some poor quality control from the supplier, and think rather 
that the multiplex ELISA is more accurate in this case and have replaced the old data in figure 3 with 
data from the multiplex ELISA.  
 
- The authors conclude that it is TNF-mediated ROS induction which leads to GM-CSF mediated IL-1β 
secretion. An experiment with rTNF and mDIVI on TNF knock-out cells with controls will be much 
more conclusive way of saying the same. 
 
Please see the comment above. We have performed this experiment and included it in figure 3. 
mDIVI was able to reverse the effect of GM-CSF in the presence of recombinant TNF.  
 
 
- The authors have not supported the text "GM-CSF treated cells did not show increased ROS 
staining" with any experimental results. 
Thank you for pointing this out. We have now included this result in figure 2. 
 
- In supplementary figure 4, the authors have concluded that GM-CSF regulates the protein stability 
of NRF2 and despite lower mRNA levels of NRF2 post GM-CSF treatment; it is the proteasomal 
degradation of NRF2 that is higher in case of GM-CSF treatment. However, the results provided do 
not give proper explanation of the conclusion made. In fig supp 4B, there is lower protein levels of 
NRF2 upon GM-CSF treatment in comparison to LPS alone, this could be because of lower mRNA 
levels as shown in fig supp 4A. Upon addition of MG-132, there are higher NRF2 levels in LPS alone 
treatment, and there are higher levels of NRF2 in cells treated with LPS+GM-CSF. Although, this could 
entirely be due to accumulation of NRF2 since there is no degradation happening and the lower 
levels are entirely due to lower mRNA levels. The authors should provide a kinetic experiment using 
cycloheximide to show higher turnover of NRF2 in GM-CSF treated cells vs LPS alone treatment, to 
support the conclusions. 
We thank the reviewer for this suggestion. We have attempted to address this as the reviewer 
suggested (please see figure below). What is clear however, is that the half life of NRF2 once 
stabilized is extremely short (less than 30mins). We have gone down to 30min of CHX treatment and 
see basically complete loss of any NRF2 present in the cell. It is thus technically very difficult to  
reliably go much further. NRF2 can be thought of as having two states, with differing half-lifes. The 
first state basically has a half life of probably seconds, thus leading to net zero protein in the cell (see 
cartoon figure below). When a signal such as LPS arrives, this leads to stabilization of a sub-
population of NRF2 only (supported by our experiments with MG132, showing strong accumulation 
of NRF2 with MG132, even after LPS treatment), leaving the majority in the first state. Once 
stabilized it travels to the nucleus, activates target genes, and returns to the cytosol where it is either 
degraded again, or may re-enter the nucleus (see figure below). This second state of NRF2 is what we 
detect by western blot and due to recycling into the cytosol, where it is degraded, still has a half-life 
of only minutes. We propose that GM-CSF reduces the pool of NRF2 that escapes state one and is 



stabilized, thus leading to overall lower levels. Given the amount of NRF2 that enters state 2 is 
generally low relative to the total pool that remains in state 1 (i.e. degradation), the fate of this NRF2 
is most likely degradation when it returns to the cytosol. It is likely then that the half-life is effectively 
the same for NRF2 regardless of addition of GM-CSF or not, but that the total amount of NRF2 that 
escapes the rapid degradation is smaller with GM-CSF, leading to less NRF2 entering state 2.  This is 
of course a difficult thing to properly analyse and we believe beyond the scope of the revision. 

 
 
NRF2 is extremely unstable: HoxB8 Cells were primed for 3h using 60ng/ml LPS before addition of 

10µM QVD (to block cell death). After 30 minutes of QVD stimulation, 20µg/ml cycloheximide was 

added for the indicated times. Cells were lysed in 6M urea lysis buffer and ran on a 4-20% SDS-PAGE 

Tris-glycine gel. 

 

 
 
Model for GM-CSf regulation of NRF2: GM-CSF may reduce the amount of NRF2 that is stabilized 
(state 2), leading  to a net reduction in active NRF2.  

 
 
- The western blot in figure 5C looks very white for Caspase-1 knock-out. Can authors provide any 
other representative blot? 
We have included another exposure with reduced contrast from the same blot.  
 
- Is there any published report to support the statement "To determine the trigger for ubiquitylation 
of IL-1β we reasoned that ROS, which are required ..................role in IL-1β ubiquitylation"? 
This statement is rather referring to our own results from the previous figure. To avoid confusion, we 
have re-worded the sentence to refer back to the relevant figure. 
 
- Fig 6 shows that GM-CSF mediated ubiquitylation of IL-1β at K133 and its secretion is dependent on 
ROS. However, there is no increased ROS experimentally observed in GM-CSF treated cells. The 
downregulation of NRF2 may result in increased ROS, but that was not observed experimentally. Can 
the authors comment on this enigma? 



This is indeed an enigma which we dearly wish to resolve and it has not been for want of trying. We 
have used fluorescent ROS reporters (several different ones), as well as trying to measure 
glutathione (reduced/oxidized) ratios and staining with biotinylated glutathione to name but a few 
techniques. What we observed is that in each case, these techniques are rather insensitive. We could 
consistently detect ROS changes with strong stimuli such as H202 which we used as a positive 
controls, but other less potent stimuli are not well detected. There are mild redox sensitive 
modifications of proteins that do not necessarily require strong oxidative stress, such as cysteine 
sulfenylation which almost certainly occur even if ROS levels are too low to readily detect with 
reagents such as ROS sensitive Dyes. We believe that this is the case in our model. 
 
- Finally, the GM-CSF mediated IL-1β secretion is dependent of K133 ubiquitylation. Is it possible for 
the authors to transfect an active form of A20 DUB to the cells to show that deubiquitylation of K133 
will result in no IL-1β secretion post GM-CSF treatment? 
We have attempted to express A20 in the HoxB8 cells, using both viral transduction and transient 
transfection, but have not achieved significant overexpression unfortunately. Not surprisingly we 
could see no changes in IL-1β ubiquitylation in these attempts (data not shown). I would however 
like to comment that this approach may not be helpful given the strong impact A20 has on both TLR4 
and TNF signalling. Overexpression of A20 is known to block TNF induced NF-kb activation for 
example (4). Given the central role of both TLR4 and TNF signalling in the pathway we are analysing, 
it is likely that had A20 overexpression worked, we may have simply prevented activation of the 
pathway upstream by blocking TNF production for example. To further analyse possible roles of A20, 
we will need to make use of either other cell systems or potentially inducible expression or even 
trying knock-in mutants using CRISPR, but this is beyond the scope of what we could achieve with 
this revision.  
 
 
 
Minor comment: 
- Figure 5B and 5C, is it LPS + GM-CSF + Nigercin or LPS + Nigercin? 
Thank you for spotting this. It is in fact LPS + Nigericin, not LPS + GM-CSF + Nigericin. We have 
corrected the figure now. 
 
- The authors have not cited Figure 5E. 
Thank you for pointing this out. We have now included the figure reference in the text. 
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12th Apr 20221st Revision - Editorial Decision

Dear Dr. Gentle,

Thank you for the submission of your revised manuscript to our editorial offices. I have now received the reports from the
referees that was asked to re-evaluate your study, you will find below. As you will see, the referees now fully support the
publication of your work. Referee #3 has 2 remaining minor concerns or suggestions to improve the study I ask you to address in
a final revised version of the manuscript. Please also provide a short p-b-p-response to these remaining points.

Moreover, I have these editorial requests:

- I would suggest a modified title (without the comma):
GM-CSF suppresses antioxidant signaling and drives IL-1β secretion through NRF2 downregulation

- Please reduce the number of keywords to five.

- Please provide the abstract written in present tense throughout.

- Please call out the figure panels separately and sequentially. Presently, there seems to be no callout for panel 6A. Please
check.

- Please order the manuscript sections like this: 
Title page - Abstract - Introduction - Results - Discussion - Materials and Methods - DAS - Acknowledgements - Author
contributions - Disclosure and Competing Interests Statement - References - Figure legends - Expanded View Figure legends

- Per journal policy, we do not allow 'data not shown', which is stated three times in the manuscript (pages 9, 12, 14). All data
referred to in the paper should be displayed in the main or Expanded View figures, or an Appendix. Thus, please add these data
(or change the text accordingly if these data are not central to the study). See: 
http://embor.embopress.org/authorguide#unpublisheddata

- We updated our journal's competing interests policy in January 2022 and request authors to consider both actual and
perceived competing interests. Please review the policy https://www.embopress.org/competing-interests and update your
competing interests if necessary. Please name this section 'Disclosure and Competing Interests Statement' and put it after the
Acknowledgements section.

- Please make sure that the number "n" for how many independent experiments were performed, their nature (biological versus
technical replicates), the bars and error bars (e.g. SEM, SD) and the test used to calculate p-values is indicated in the respective
figure legends (main, EV and Appendix figures), and that statistical testing has been done where applicable. Please avoid
phrases like 'independent experiment', but clearly state if these were biological or technical replicates. Please add complete
statistical testing to all diagrams (main, EV and Appendix figures). Please also indicate (e.g. with n.s.) if testing was performed,
but the differences are not significant. Presently, several diagrams have no statistics (e.g. 1D, 2D, 4F, 7C and mot panels of
EV1) or only partial statistics (4A, 4E, 4D, 8C and those in EV2).

- Please add scale bars of similar style and thickness to the microscopic images (main, EV and Appendix figures), using clearly
visible black or white bars (depending on the background). Please place these in the lower right corner of the images. Please do
not write on or near the bars in the image but define the size in the respective figure legend. Presently, some panels are missing
scale bars, or they are positioned wrongly or are too thin or contain text.

- There is a diagram in Fig. 3 below panel 3A. It is not clear where this belongs to, and where its legend is. Please check.

- As there are only few panels in the EV and Appendix images. I would therefore suggest combining these to have 5 EV figures
containing all these data. In that case, we would need no Appendix. Please consider this. In case please update the figure/panel
callouts. If you decide to keep an Appendix, please put the legends below the figures. That is much more comprehensible. For
all figures, please order the panels alphabetically (presently, in Fig. EV the order is A,B,D,E,F,C). Please consult our guide for
figure preparation: 
http://wol-prod-cdn.literatumonline.com/pb-assets/embo-site/EMBOPress_Figure_Guidelines_061115-1561436025777.pdf

- As they are partially significantly cropped, please provide the source data for all the Western blots shown in the manuscript
(main and EV figures). The source data will be published in separate source data files online along with the accepted manuscript
and will be linked to the relevant figures. Please submit scans of entire gels or blots together with the final revised manuscript.
Please include size markers for scans of entire gels, label the scans with figure and panel number, and send one PDF file per
figure.

- Please provide your funding information in the acknowledgements and make sure that all the funding information is also



entered into the online submission system and that it is complete and similar to the one in the acknowledgement section of the
manuscript text file.

- The synopsis image provided has the wrong dimensions. Please upload this in jpeg or tiff format with the exact width of 550
pixels and a height of not more than 400 pixels. Please make sure that after reformatting the writing and details are not too
small.

- Finally, please find attached a word file of the manuscript text (provided by our publisher) with changes we ask you to include
in your final manuscript text, and some queries, we ask you to address. Please provide your final manuscript file with track
changes, in order that we can see any modifications done.

I look forward to seeing the final revised version of your manuscript when it is ready. Please let me know if you have questions
regarding the revision. 

Please use this link to submit your revision: https://embor.msubmit.net/cgi-bin/main.plex

Best,

Achim Breiling
Senior Editor
EMBO Reports

---------------
Referee #1:

General Comments: This MS describes novel and significant observations regarding signaling mechanisms by which GM-CSF
can synergize with LPS to drive slow but sustained NLRP3/caspase-1-dependent proteolytic processing and non-lytic secretion
of IL-1beta from murine bone marrow-derived monocytic macrophages. The authors present compelling data that supports an
atypical pathway for processing and release of IL-1beta that includes: 1) LPS induced production of autocrine TNFa; 2) TNFa
induction of mitochondrial ROS production; 3) GM-CSF-mediated suppression of the LPS-driven up-regulation of the Nrf2
master anti-oxidant protein; 4) ROS-dependent potentiation of an NLRP3/ASC/caspase-1 signaling axis which does NOT
involve stable assembly of large NLRP3/ASC inflammasome signaling platforms; 5) sufficient caspase-1 activity to drive the
proteolytic processing of proIL-1beta to mature IL-1b; 6) a GM-CSF-dependent increase in K63-ubiquitination of proIL-1beta
which further enhances its proteolytic processing by caspase-1; 7) an atypical pathway for secretion/ release of the mature IL-
1beta that is dependent on Gasdermin D (GSDMD) but apparently independent of GSDMD-proteolytic cleavage, GSDMD-pore-
driven plasma membrane permeabilization and consequent pyroptosis. In general, the experiments are well-designed and
thoughtfully interpreted.

In this revised MS, the authors have thoroughly responded to the concerns and recommendations of the reviewers with new
experiments and modification of the text.

---------------
Referee #2:

The manuscript is suitable for publication in EMBO reports without further revision.

---------------
Referee #3:

The manuscript entitled "GM-CSF suppresses antioxidant signaling through NRF2 downregulation, driving IL-1β secretion" by
Carlo et al has used Bone marrow derived monocytic macrophages (BMDMM) and HoxB8 differentiated to monocytic
macrophages as model systems to decipher the underlying mechanism of IL-1β secretion reported earlier by the monocytic
macrophages in BMDC cultures. The study has shown secretion of IL-1β upon GM-CSF treatment to LPS primed monocytic
macrophages. The IL-1β secretion was dependent on components of inflammasome signalling such as Asc, NLRP3, Caspase-1
and GSDMD indicating the role of caspase-1 signalling during GM-CSF mediated IL-1β release. The study goes on to show that
GM-CSF mediated IL-1β secretion was dependent on ROS, wherein GM-CSF inhibits the antioxidant signalling via
downregulation of NRF2 at mRNA levels as well as affecting the protein degradation. ROS signalling in turn was dependent on
LPS-mediated TNF upregulation. The authors finally show that ROS results in ubiquitylation of IL-1β at K133, which may result
in its cleavage and secretion. Therefore, the manuscript provides a link between GM-CSF and regulation of oxidative stress,
which in turn can regulate IL-1β maturation and secretion. 

I thank the authors for their responses to the queries. The responses were comprehensive and answered my curiosities and
queries regarding the study. 



However, I have a few minor comments as follows:
- In Figure 1B: the IL-1β secretion is dependent on dose of GM-CSF, except for 2 ng/mL concentration, where the IL-1β levels
are less than that observed for 1.6 ng/mL. However, the western blot performed on the supernatant does not depict similar
results. Can authors investigate this discrepancy?
- Figure 8E: legends for the western blot missing.



Referee #3: 

The manuscript entitled "GM-CSF suppresses antioxidant signaling through NRF2 
downregulation, driving IL-1β secretion" by Carlo et al has used Bone marrow derived 
monocytic macrophages (BMDMM) and HoxB8 differentiated to monocytic macrophages as 
model systems to decipher the underlying mechanism of IL-1β secretion reported earlier by 
the monocytic macrophages in BMDC cultures. The study has shown secretion of IL-1β upon 
GM-CSF treatment to LPS primed monocytic macrophages. The IL-1β secretion was 
dependent on components of inflammasome signalling such as Asc, NLRP3, Caspase-1 and 
GSDMD indicating the role of caspase-1 signalling during GM-CSF mediated IL-1β release. 
The study goes on to show that GM-CSF mediated IL-1β secretion was dependent on ROS, 
wherein GM-CSF inhibits the antioxidant signalling via downregulation of NRF2 at mRNA 
levels as well as affecting the protein degradation. ROS signalling in turn was dependent on 
LPS-mediated TNF upregulation. The authors finally show that ROS results in ubiquitylation 
of IL-1β at K133, which may result in its cleavage and secretion. Therefore, the manuscript 
provides a link between GM-CSF and regulation of oxidative stress, which in turn can 
regulate IL-1β maturation and secretion.  

I thank the authors for their responses to the queries. The responses were comprehensive and 
answered my curiosities and queries regarding the study.  

However, I have a few minor comments as follows: 
- In Figure 1B: the IL-1β secretion is dependent on dose of GM-CSF, except for 2 ng/mL
concentration, where the IL-1β levels are less than that observed for 1.6 ng/mL. However, the
western blot performed on the supernatant does not depict similar results. Can authors
investigate this discrepancy?

We thank the reviewer for their positive response and for pointing out this issue. It seems that 
during figure preparation there was a mislabelling of the ELISA data, so that the 2ng/mL was 
actually the LPS alone treated sample, thus the lowered secretion. We have now adjusted the 
graph to reflect the correct labelling and corresponding western blot.  

- Figure 8E: legends for the western blot missing.

Again, thank you for spotting this. We have now included a figure legend for figure 8E. 
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