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1st Editorial Decision 5th Apr 2024

Dear Prof. Wan,

Thank you for submitting your manuscript EMBOJ-2024-117038 for consideration by The EMBO Journal. It has now been seen
by three experts in the field, and we have received the full set of their comments, which are included below.

As you will see, the referees recognize that this is a novel and interesting study with compelling data supporting some of the
main conclusions, but they also identify a number of limitations and point out that further experiments are necessary to
strengthen the study with conclusive evidence to fully support all conclusions. Importantly, they mention that some key
experiments should be repeated in primary cells from the wild-type and ZNFX1 knockout mice; they raise concerns regarding
insufficient support of your proposed model whereby caspase-1 cleaves ZNFX1; and they point out that there are some missing
controls and quantification in some experiments. They further provide additional comments and suggestions for the
improvement of the manuscript.

Given the referees' comments and recommendations, | would like to invite you to submit a revised version of the manuscript
along with a detailed point-by-point response addressing all referees' comments. | should add that it is EMBO Journal policy to
allow only a single round of major experimental revision, and acceptance of your manuscript will therefore depend on the
completeness of your responses in this revised version. If you have any questions or comments, we can discuss further in a
video call, if you like.

We generally allow three months as standard revision time (July 4, 2024). As a matter of policy, competing manuscripts
published during this period will not negatively impact our assessment of the conceptual advance presented by your study.
However, we request that you contact us as soon as possible upon publication of any related work, to discuss how to proceed.
Should you foresee a problem in meeting this three-month deadline, please let us know in advance and we may be able to grant
an extension.

Thank you for the opportunity to consider your work for publication in The EMBO Journal. | look forward to your revision.
Yours sincerely,

loannis Papaioannou, PhD
Editor, The EMBO Journal
i.papaioannou@embojournal.org

*kkkk

Instructions for preparing your revised manuscript

*kkkk

1. When you are ready to submit the revision, please upload:

- A Word file of the manuscript text (including legends of main Figures, EV Figures and Tables). Please make sure that changes
are highlighted (or "tracked") to be clearly visible.

- Individual production-quality figure files (one file per figure). When assembling your figures, please refer to our figure
preparation guidelines in order to ensure proper formatting and readability in print as well as on screen:
https:/bit.ly/EMBOPressFigurePreparationGuideline

If the data shown in a figure are obtained from n {less than or equal to} 2, please use scatter plots showing the individual data
points.

Please also include scale bars in all microscopy images.

The following points must be specified in each figure legend:

i. the name of the statistical test used to generate error bars and P values

ii. the number (n) of independent experiments (please specify technical or biological replicates) underlying each data point
(discussion of statistical methodology can be reported in the Materials and Methods section, but figure legends should contain a
basic description of n, P, and the test applied)

iii. the nature of the bars and error bars (s.d., s.e.m.).

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

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

referees' concerns must be fully addressed and their suggestions taken on board. When preparing your letter of response to the
referees' comments, please bear in mind that this will form part of the Review Process File and will therefore be available online
to the community. Please note that you have the possibility to opt out of the transparent process at any stage prior to publication



by letting the editorial office know (contact@embojournal.org); if you do opt out, the Review Process File link will point to the
following statement: "No Review Process File is available with this article, as the authors have chosen not to make the review
process public in this case.". For more details on our Transparent Editorial Process, please visit our website:
https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

- Expanded View (EV) files (replacing Supplementary Information) that are collapsible/expandable online. A maximum of 5 EV
Figures can be typeset. EV Figures should be cited as "Figure EV1, Figure EV2" etc. in the text, and their respective legends
should be included in the manuscript file after the legends of regular figures. See detailed instructions regarding Expanded View
files here:

https://www.embopress.org/page/journal/14602075/authorguide#expandedview

- For the figures that you do NOT wish to display as Expanded View figures, they should be bundled together with their legends
in a single PDF file called "Appendix", which should start with a short Table of Contents (including page numbers). Appendix
figures should be referred to in the main text as: "Appendix Figure S1, Appendix Figure S2" etc. Please see detailed instructions
here: https://www.embopress.org/page/journal/14602075/authorguide#fexpandedview

- A complete author checklist, which you can download from our author guidelines
(https://'www.embopress.org/page/journal/14602075/authorguide). Please note that the checklist will also be part of the Review
Process File.

2. Please note that no statistics should be calculated and shown in Figures if n=2.

3. Before submitting your revision, primary datasets (and computer code, where appropriate) produced in this study need to be
deposited in appropriate public databases (see https://www.embopress.org/page/journal/14602075/authorguide#dataavailability).
The accession numbers and databases should be listed in a formal "Data availability" section (placed after Materials and
Methods) that follows the model below (see also
https://www.embopress.org/page/journal/14602075/authorguide#dataavailability):

# Data availability
The datasets (and computer code) 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])

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

*** Please remember to provide in the Data availability section of your revised manuscript reviewer passwords if the datasets
are not yet public. ***

*** The Data Availability Section is restricted to new primary data that are part of this study. In case you have no data that
require deposition in a public database, please state so instead of referring to the database: "Our study includes no data
deposited in public repositories." under the heading "Data availability”. ***

4. Please check that the title and the abstract of the manuscript are brief, yet explicit, even to non-specialists. The length of the
title should not exceed 100 characters, and the abstract should be a single paragraph not exceeding 175 words.

5. Please also note our reference format: https://www.embopress.org/page/journal/14602075/authorguide#referencesformat.

6. At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will
contact you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to
upload and organize the files.

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

8. Our journal encourages inclusion of data citations in the reference list to directly cite datasets that were 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 PRIJNA342805, 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:



https://www.embopress.org/page/journal/14602075/authorguide#referencesformat.

9. We request authors to consider both actual and perceived competing interests. Please review our policy
(https://www.embopress.org/page/journal/14602075/authorguide#conflictsofinterest) and update your competing interests
statement if necessary. Please name this section 'Disclosure and competing interests statement' and place it after the
Acknowledgements section.

10. Please note that all corresponding authors are required to provide an ORCID ID upon submission of a revised manuscript
(https://orcid.org/). Please find instructions on how to link your ORCID ID to your account in our manuscript tracking system in
our Author guidelines

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

11. We use CRediT to specify the contributions of each author in the journal submission system. CRediT replaces the author
contribution section, which should be removed from the manuscript. Please use the free text box to provide more detailed
descriptions. See also guide to authors:
https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines.

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

13. We would also welcome the submission of cover suggestions or motifs to be used by our Graphics lllustrator in designing a
cover.

14. Please use the link below to submit your revision:
https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

Overall, | found this to be an interesting study with compelling evidence supporting some of the key observations. The
experiments are well controlled with both loss of function and reconstitution experiments performed across a range of assays
and cell types. The overall model that ZNFX1 interacts with the NLRP3 inflammasome to restrain its activation is supported by
the findings both in mouse iBMDM, Thp1 and in vivo. The structure functions studies map the interaction of ZNFX1 and NLRP1
and the consequences of these interactions on inflammasome dependent processes. ZNFX1 retains NLRP3 in the cytoplasm
and hinders the accumulation of NLRP3 on the Trans-Golgi network (TGN) in the resting state to prevent its activation.
Furthermore, the findings that NLRP3 dependent caspase-1 activation leads to cleavage of ZNFX1 as a mechanism to amplify
downstream signaling is also supported by the data. Lastly, the authors demonstrate that while wild-type ZNFX1, restrains
NLRP3 inflammasome responses the disease associated mutations do not.

The following key issues would need to be addressed:

1. Several of the key experiments should be performed in primary cells from the WT and ZNFX1-KO mice. Bone marrow derived
macrophages or peritoneal macrophages should be evaluated since the mice are available and this would be more compelling
than the cell line studies. The studies in figure 1 using cell lines should be peformed in primary cells.

2. The authors propose a model whereby ZNFX1 can be cleaved by caspase-1 in response to NLRP3 agonists, but not agonists
of the AIM2, NLRP1b, or NLRC4 inflammasome, suggesting a specific cleavage mechanism. Since caspase1 activation is
common to other stimuli the authors should provide a molecular explanation for these findings.

Referee #2:

ZNFX-1 is a conserved helicase which has been implicated as a regulator of innate immunity in mammals. This paper reports on
a novel role for ZNFX-1 as an inhibitor of inflammasome assembly. The authors propose a model whereby ZNFX-1 limits
inflammasome activation by directly binding to inflammasome protein NLRP3 in the cytoplasm, which prevents NLRP3
translocation to TGN vesicles. The authors also propose that, in turn, inflammasome-activated caspase | cleaves ZNFX-1, thus
turning off the inhibitory effects of ZNFX-1 to allow for full on inflammasome activation. The idea that ZNFX-1 serves as a natural
break for the inflammosome provides a possible explanation for why patients with ZNFX-1 mutations are susceptible to hyper-
inflammation.



This paper and the figures are very dense. In several cases, the order of panels in the Figures does not seem to follow the order
in the text. Most western blot results are not quantified - making it difficult to assess reproducibility. The conclusion that ZNFX-1
null cells hyperactivate NLRP3-dependent responses appears solid. The conclusion that ZNFX-1 is targeted and inactivated by
Caspase | and/or stress granules, however, are not as well supported by the evidence. These experiments seem to detract from
the main message that ZNFX-1 limits inflammasome activation; the authors may want to consider removing those experiments
to maintain the focus on the main conclusion.

Specific comments:

1. The main and most important result of this paper is that ZNFX-1 knock out cells exhibit increased production of IL-1beta and
cleaved caspase 1 upon activation of the inflammasome - The authors refer to many panels but provide no systematic
quantification to support this result.

2. In a prior paper, the authors suggested that ZNFX-1 localizes to mitochondrial surface
https://pubmed.ncbi.nim.nih.gov/31685995/. In this paper, they claim that ZNFX-1 is cytoplasmic???

3. Fig. 3 is very confusing - Line 240 in text seems to come prematurely because fig. 3C has not been discussed yet. The
decrease of ZNFX-1 full length is shown where exactly ?? Fig. 3F??? please make it easier for reader to follow. Also
quantification of this decrease should be provided.

4. There appears to be no direct evidence that caspase-1 cleaves ZNFX1 in vivo and that this in turns serves as a "a trigger for a
feed-forward loop that enhances NLRP3 inflammasome activation” as stated in text. The main evidence is shown in Fig. 4E
where a caspase inhibitor appears to suppress loss ZNFX1 but this is just one data point with no quantification. It would seem
that to make this claim would require at a minimum mutating the caspase sites in ZNFX1 in cells and examining the effect on
NLRP3 activation???

5. Where is the quantification to show that addition of ZNFX1 increases G3BP condensation in vitro? Can the authors exclude
an RNA contaminant? These experiments appear to detract from the main point of the paper.

6. What is the evidence for a direct inhibition of ZNFX1 by G3BP/stress granules? To demonstrate in vivo relevance, the authors
would need to show at a minimum that G3BP null cells exhibit increased ZNFX1 activity?? These experiments appear to detract
from the main point of the paper.

Fig. 6B is not convincing - there is no quantification to support the view that mutant ZNFX-1 are defective
Fig. 6C needs to show WT rescue control

Please provide figure numbers on the figure pages.

Referee #3:

In this paper, Huang et al report that ZNFX1, as an ISG and dsRNA virus sensor, selectively suppress activation of NLRP3
inflammasome to control inflammation. Mechanistically, ZNFX1 interacts with NLRP3 and sequesters NLRP3 away from Trans-
Golgi network (TGN) during the priming stage. ZNFX1 could be cleaved by caspase-1, resulting in a feedback regulatory
mechanism for NLRP3 inflammasome activation. Additionally, ZNFX1 facilitates stress granule formation in a caspase-1-
independent manner during activation stage. The study uncovers another mechanism that retains NLRP3 inactive in resting
state, and a novel role of ZNFX1 in controlling inflammation. Overall, the findings are novel and interesting. However, the
following concerns and questions should be addressed to further strengthen the study.

Major comments:

1. The authors show that ZNFX1 promoted stress granules formation and the aggregation of ZNFX1 in stress granules could
enhance NLRP3 inflammasome activation during the activation stage. Whether the role is dependent of stress granules, and the
authors may explore it using inhibitor of stress granules formation, such as emetine (DOI: 10.1083/jcb.200502088, DOI:
10.1038/s41586-023-06726-w).

2 NLRPS3 protein level is a key limiting step for inflammasome activation (DOI: 10.3109/10409238.2012.694844, DOI:
10.1038/ncomms13727). Whether ZNFX1 could affect NLRP3 expression should be investigated.

3. Figure 1N showed that during LPS injection for 6 days, none of the mice in WT group (Znfx1+/+) has died, which is confusing.
The authors should explain it.

4. Figure EV 1B &G, the data showed the expression of TNF-a exist great discrepancy between LPS treatment and
LPS+stimuli, which seemed not in accordance with previous study (DOI: 10.1038/ncomms13727, DOI:
10.1016/j.celrep.2024.113752 ). The authors should explain or further confirm this issue.



5. Figure3A, the authors should perform a live cell imaging timeline of the indicated cells in order to display the location changes
of NLRP3, ZNFX1 and TNG46.

Minor comments:

1. In the Abstract section, the description related stress granules or virus should be included.

2. The abbreviations are usually used defined at the first use in the abstract as well as in the main text, such as ZNFX1 in the
abstract.

3. Figure EV5I, the data could not support the corresponding conclusion well (line295).

4. The expression of GAPDH or Tubulin is too weak, such as Figure 4A, C.

5. There are numerous grammatical mistakes in the manuscript (such as Line197).



1st Authors' Response to Reviewers 4th Jul 2024

First and foremost, | want to thank you all for dedicating your time and effort to review
our manuscript. Your feedback has enhanced the quality of our study and provided
valuable guidance for future research endeavors.

In response to reviewer comments and suggestions, we have conducted additional
experiments and made text and conclusion modifications to provide a more precise and
rigorous description of our findings. To facilitate your ability to assess changes, we have
highlighted the changes we have made in blue in the revised manuscript as well as in
our response to reviewer concerns below. Textual changes to the manuscript are
included below in italicized blue text.

Below is an outline of the major changes we have made to the revised manuscript as
well as the major conclusions we make in this paper.

Major changes made in the revised manuscript.
1) We have reorganized Figure 1 from our initial submission into Figures 1 and 2,

and Figure 4 from our initial submission into Figures 5 and 6 in our revised
manuscript. We also reordered panels in Figure 3 (nhow Figure 4 in our revised
manuscript) to enhance flow and clarity. Additionally, the EV figures have been
divided into Figures EV1-EV5 and Appendix Figures S1-S5. We believe these
changes better convey our information.

2) We have provided extensive quantifications for our western blot results from
biological replicates (Figures 5E-F, 5H, 6G-I, 7C, EV1B-K, EV2I-L, EV4H, and
Appendix Fig. S3D).

3) We have included further data showing that the level of NLRP3 inflammasome
activation is increased in primary Znfx1”- BMDM cells compared with WT (Figs.
1J, EV2M-N).

4) We found that ZNFX1(D830A) suppresses the activation of the NLRP3
inflammasome and the cleavage of caspase-1, supporting the idea that a feed-
forward loop further enhances NLRP3 inflammasome activation (Figs. 6E-I).

5) We have removed data related to poly(l:C), EMCV, and stress granules for the
following reasons: first, we cannot provide direct evidence that suppressing
stress granules enhances NLRP3 inflammasome activation; second, as pointed
out by reviewer #2, these data largely distract from the main focus of the paper.

Major findings in the revised manuscript.



1) We identify that ZNFX1 specifically suppresses the activation of the NLRP3
inflammasome in vitro.

2) We provide evidence supporting the inhibition of the NLRP3 inflammasome by
ZNFX1 in vivo.

3) We find that ZNFX1 likely interacts directly with NLRP3.
4) We show that ZNFX1 prevents the translocation of NLRP3 to TGN38+/TGN46+

vesicles.

5) We find that the decrease in ZNFX1 protein levels during NLRP3 inflammasome
activation is suppressed by a Caspase-1 inhibitor but not by proteasome or
autophagy pathway inhibitors.

6) We show that Caspase-1 cleaves ZNFX1 both in vitro and in vivo, and identify an
important cleavage site in ZNFX1 (D830). ZNFX1(D830A) suppresses the
activation of the NLRP3 inflammasome and cleavage of Caspase-1, supporting
the idea that a feed-forward loop further enhances NLRP3 inflammasome
activation.

7) We link pathogenic lesions in ZNFX1 with hyperactivation of the NLRP3
inflammasome, providing potential insights into the pathogenesis and treatment
of this genetic disease.

Referee #1:

Overall, | found this to be an interesting study with compelling evidence supporting
some of the key observations. The experiments are well controlled with both loss of
function and reconstitution experiments performed across a range of assays and cell
types. The overall model that ZNFX1 interacts with the NLRP3 inflammasome to
restrain its activation is supported by the findings both in mouse iBMDM, Thpl and in
vivo. The structure functions studies map the interaction of ZNFX1 and NLRP1 and the
consequences of these interactions on inflammasome dependent processes. ZNFX1
retains NLRP3 in the cytoplasm and hinders the accumulation of NLRP3 on the Trans-
Golgi network (TGN) in the resting state to prevent its activation. Furthermore, the
findings that NLRP3 dependent caspase-1 activation leads to cleavage of ZNFX1 as a
mechanism to amplify downstream signaling is also supported by the data. Lastly, the
authors demonstrate that while wild-type ZNFX1, restrains NLRP3 inflammasome
responses the disease associated mutations do not.

We thank the reviewer for the kind words.
The following key issues would need to be addressed:
1. Several of the key experiments should be performed in primary cells from the WT and

ZNFX1-KO mice. Bone marrow derived macrophages or peritoneal macrophages
should be evaluated since the mice are available and this would be more compelling



than the cell line studies. The studies in figure 1 using cell lines should be peformed in
primary cells.

We would like to thank the reviewer for this excellent suggestion. We repeated the
experiments conducted in THP-1 and iBMDM cells from Figure 1 in primary BMDM cells
obtained from WT and Znfx1” mice. Specifically, we provided additional evidence
showing that NLRP3 inflammasome activation levels, but not other inflammasome
activation levels, are higher in Znfx1” BMDM cells compared to WT BMDM cells (Fig.
1J, EV2I-L). Additionally, the assembly of ASC specks is increased in Znfx1” BMDM
cells compared to WT BMDM cells (Fig. EV2M-N).

Results (Lines 150-154):

“To further validate our results, we obtained primary BMDMs from WT and Znfx1-/- mice
and confirmed that NLRP3 inflammasome activation was increased (1.5- to 2.5-fold) in
Znfx1-/- BMDMs upon NLRP3 agonist treatment but not upon NLRC4, AIM2, or NLRP1
agonist treatment (Figs. 1I-K, EV2I-N, and Appendix Fig. S2I).”

2. The authors propose a model whereby ZNFX1 can be cleaved by caspase-1 in
response to NLRP3 agonists, but not agonists of the AIM2, NLRP1b, or NLRC4
inflammasome, suggesting a specific cleavage mechanism. Since caspasel activation
is common to other stimuli the authors should provide a molecular explanation for these
findings.

Thanks for the great suggestion. We subjected GFP-ZNFX1 reconstituted THP-1 cells
to NLRP3, AIM2, NLRP1b, and NLRC4 agonists treatment, respectively. IF results
showed that GFP-ZNFX1 colocalizes with ASC speck after NLRP3 inflammasome
activation but not AIM2, NLRP1b, and NLRC4 inflammasome activation. This result
hints that ZNFX1 may be recruited to mature NLRP3 inflammasome for unknown
reason, whereby caspase-1 cleaves ZNFX1 to reduce ZNFX1 level to further release its
inhibitory role on NLRP3 inflammasome.

Results (Lines 275-280):

“Consistent with these findings, ZNFX1 localized to ASC specks specifically when the
NLRP3 inflammation, but not the AIM2, NLRP1lb, or NLRC4 inflammasome, was
activated in THP-1 macrophages (Figs. 1E, 4G-H, and EV2C). This suggests that as the
ZNFX1 might be recruited to the activated NLRP3 inflammasome, likely exerting a direct
inhibitory effect on it.”



Referee #2:

ZNFX-1 is a conserved helicase which has been implicated as a regulator of innate
immunity in mammals. This paper reports on a novel role for ZNFX-1 as an inhibitor of
inflammasome assembly. The authors propose a model whereby ZNFX-1 limits
inflammasome activation by directly binding to inflammasome protein NLRP3 in the
cytoplasm, which prevents NLRP3 translocation to TGN vesicles. The authors also
propose that, in turn, inflammasome-activated caspase | cleaves ZNFX-1, thus turning
off the inhibitory effects of ZNFX-1 to allow for full on inflammasome activation. The idea
that ZNFX-1 serves as a natural break for the inflammosome provides a possible
explanation for why patients with ZNFX-1 mutations are susceptible to hyper-
inflammation.

This paper and the figures are very dense. In several cases, the order of panels in the
Figures does not seem to follow the order in the text. Most western blot results are not
guantified - making it difficult to assess reproducibility. The conclusion that ZNFX-1 null
cells hyperactivate NLRP3-dependent responses appears solid. The conclusion that
ZNFX-1 is targeted and inactivated by Caspase | and/or stress granules, however, are
not as well supported by the evidence. These experiments seem to detract from the
main message that ZNFX-1 limits inflammasome activation; the authors may want to
consider removing those experiments to maintain the focus on the main conclusion.

We are grateful for your critical assessment of our study and your specific suggestions
for improvement, as they have been crucial in enhancing the quality of our manuscript
and guiding future research. To address these concerns, we have made the following
changes:

1)We have divided several figures to make them more concise (specifically, Figure 1
from our initial submission into Figures 1 and 2, and Figure 4 from our initial submission
into Figures 5 and 6 in our revised manuscript) and ensured the order of panels in the
figures matches the order in the text, facilitating the readability of the manuscript.

2)We have conducted the requested quantification of the western blots from biological
replicates.

3)We have removed the stress granule-related data in the revised manuscript, as we
agree with the reviewer that these data largely detract from the main focus of the paper.

Please see the details below. We hope you agree that the quality of the manuscript has
improved with these changes.

Specific comments:

1. The main and most important result of this paper is that ZNFX-1 knock out cells
exhibit increased production of IL-1beta and cleaved caspase 1 upon activation of the



inflammasome — The authors refer to many panels but provide no systematic
guantification to support this result.

We thank the reviewer for this excellent suggestion. We quantified the relative levels of
mature IL-13 and Caspase-1 p20 in the supernatants of THP-1-derived macrophages,
iBMDM, and primary BMDM cells treated with different inflammasome agonists using
ImageJ for all biological replicates. This analysis allows us to more accurately describe
the results. We have included this data as Figures EV1B-K and EV2I-L in our revised
manuscript.

Results (Lines 109-112):

“‘Upon exposure of ZNFX1 KO macrophages to the NLRP3 activator nigericin, we
observed a 2 to 5-fold increase in the production of IL-78 and cleaved caspase-1 (Figs.
1A-D, EV1A-K, and Appendix Figs. S1A-E).”

Results (Lines 116-120):

“To validate the specificity of ZNFX1 in inhibiting the NLRP3 inflammasome, we
stimulated both wild-type (WT) and ZNFX1 KO macrophages with various other NLRP3
agonists, and increased levels (1.5- to 5-fold) of IL-18 secretion and caspase-1
cleavage were observed in ZNFX1 KO macrophages (Figs. 1A-D, EV1A-K, and
Appendix Figs. S1A-F, S2A-F).”

Results (Lines 150-154):

“To further validate our results, we obtained primary BMDMs from WT and Znfx1-/- mice
and confirmed that NLRP3 inflammasome activation was increased (1.5- to 2.5-fold) in
Znfx1-/- BMDMs upon NLRP3 agonist treatment but not upon NLRC4 or AIM2 agonist
treatment (Figs. 11-K, EV2I-N, and Appendix Fig. S2I).”

2. In a prior paper, the authors suggested that ZNFX-1 localizes to mitochondrial
surface https://pubmed.ncbi.nim.nih.qgov/31685995/. In this paper, they claim that ZNFX-
1 is cytoplasmic???

Thank you for pointing this out. In our previous work®, we focused on the role of ZNFX1
in combating viral infections by initiating type | IFN through its interaction with MAVS at
the mitochondrial surface. However, this work does not rule out the cytoplasmic
localization of ZNFX1. The cytoplasmic presence of ZNFX1 has also been confirmed in
Hela, SV40, and THP-1 cells in a recent study?. Together with our findings in this study,
these results suggest that there are at least two species of ZNFX1: one at the
mitochondrial surface and one in the cytoplasm. Thus, ZNFX1 may reside in different
cellular localizations, playing distinct roles.

3. Fig. 3 is very confusing - Line 240 in text seems to come prematurely because fig. 3C
has not been discussed yet. The decrease of ZNFX-1 full length is shown where
exactly ?? Fig. 3F??? please make it easier for reader to follow. Also quantification of
this decrease should be provided.


https://pubmed.ncbi.nlm.nih.gov/31685995

We apologize for the confusion in our original description of this figure in our initial
submission. In our revised manuscript, we have reorganized the panels (now Figure 4,
and Figure 3C in our first submission have been removed in our revised manuscript)
and refined the description to improve clarity and flow. The confirmation of the decrease
of ZNFX1 protein level with quantification in ZNFX1 KO HeLa cells has been included in
the revision (Appendix Figs 3C-D). We hope the reviewer would agree that the flow of
our Figures and text are now improved and easier to follow.

Results (lines 248-283):

“To investigate the dynamics of NLRP3 translocation, we treated HelLa cells stably
expressing GFP-ZNFX1 and mCherry-NLRP3 with nigericin. Time-lapse imaging
revealed that mCherry-NLRP3 translocated to dispersed TGN46+ vesicles, while GFP-
ZNFX1 predominantly remained diffuse (Fig. 4A-B  and movie EV1).
Immunofluorescence analysis using an anti-a-TGN46 antibody revealed that NLRP3
translocated to the TGN in approximately 10% of the resting macrophages derived from
THP-1 cells (Fig. 4C-D). However, the degree of translocation increased significantly to
approximately 75% in ZNFX1 KO cells (Fig. 4C-D). Conversely, the percentage of
ZNFX1 RE cells exhibiting NLRP3 translocation was reduced to approximately 10%,
and the percentage of ZNFX1 OE cells exhibiting NLRP3 translocation was further
reduced to less than 5% (Fig. 4C-D). These results were confirmed using
immunofluorescence with an anti-a-TGN38 antibody (Appendix Fig. S3A-B). The
observed NLRP3 species likely corresponded NLRP3 that formed cage-like structures
bound to the TGN and were poised for further activation (Andreeva et al., 2021; Chen &
Chen, 2018). These findings suggest that ZNFX1 retains NLRP3 in the cytoplasm and
prevents its translocation to membrane vesicles in the resting state.

Previous studies have suggested that HelLa cells do not express ASC (Bauernfeind et al,
2009; Fernandes-Alnemri et al, 2009). The observation that NLRP3 translocated to
TGN46+/TGN38+ membrane vesicles while ZNFX1 remained diffuse in the cytoplasm
in response to nigericin treatment suggests that an event occurred before the formation
of ASC specks (Fig. 4A-B and movie EV1). When GFP-ZNFX1, mCherry-NLRP3, and
mMaroonl-ASC were co-expressed in HelLa cells, they formed large aggregates
resembling ASC specks (Figs. 4E-F and Appendix Figs. S3C-D). Consistent with these
findings, ZNFX1 localized to ASC specks specifically when the NLRP3 inflammation,
but not the AIM2, NLRP1lb, or NLRC4 inflammasome, was activated in THP-1
macrophages (Figs. 1E, 4G-H, and EV2C). This suggests that ZNFX1 might be
recruited to the activated NLRP3 inflammasome, likely exerting a direct inhibitory effect
on it. Collectively, these findings indicate that ZNFX1 plays a role in retaining smaller
NLRP3 species in the cytoplasm, preventing their translocation to the TGN and the
subsequent formation of larger cage-like structures.”

4. There appears to be no direct evidence that caspase-1 cleaves ZNFX1 in vivo and
that this in turns serves as a "a trigger for a feed-forward loop that enhances NLRP3



inflammasome activation" as stated in text. The main evidence is shown in Fig. 4E
where a caspase inhibitor appears to suppress loss ZNFX1 but this is just one data
point with no quantification. It would seem that to make this claim would require at a
minimum mutating the caspase sites in ZNFX1 in cells and examining the effect on
NLRP3 activation???

We thank the reviewer for this excellent suggestion. We introduced ZNFX1(D830A) into
ZNFX1 KO THP-1 cells and subjected WT, ZNFX1 KO, ZNFX1 RE, and ZNFX1(D830A)
cells to LPS or LPS + Nigericin treatment. The results showed that NLRP3 activation
levels in ZNFX1(D830A) cells are lower than in WT or ZNFX1 RE cells. Additionally,
ZNFX1 levels decreased during NLRP3 inflammasome activation in WT and ZNFX1 RE
cells, but not in ZNFX1(D830A) cells. In addition, We have quantified ZNFX1 levels with
or without NLRP3 inflammasome and caspase-1 inhibitors from three biological
replicates (Figs. 5E-F and 5H in our revised manuscript).

Results (Lines 358-366):

“We hypothesize that caspase-1-mediated cleavage of ZNFX1 is important for further
activation of the NLRP3 inflammasome. To test this hypothesis, we induced the
expression of ZNFX1(D830A) in ZNFX1 KO THP-1 cells. LPS-primed WT, ZNFX1 KO,
ZNFX1 RE, and ZNFX1(D830A) THP-1 cells were exposed to nigericin (Fig. 6E).
Immunoblotting and ELISA showed that the levels of IL-18 and caspase-1 P20 were
significantly lower in ZNFX1(D830A) cells than in WT and ZNFX1 RE cells (Fig. 6E-H).
Additionally, the ZNFX1 protein level decreased in WT and ZNFX1 RE cells but not in
ZNFX1(D830A) cells upon nigericin treatment (Fig. 6E, 61).”

5. Where is the quantification to show that addition of ZNFX1 increases G3BP
condensation in vitro? Can the authors exclude an RNA contaminant? These
experiments appear to detract from the main point of the paper.

Given the comments from all reviewers, we have removed the stress granules-centric
section from our revised manuscript. However, we conducted the experiments
suggested by reviewer #2 (see below). For instance, RNase A was added during the
purification of ZNFX1 and G3BP1, as well as in the phase separation experiment.
These results support that ZNFX1 increases G3BP1 phase separation in vitro, even
without RNA. If reviewer #2 would like a complete description of these results, we would
be happy to provide them. However, since these experiments are not part of our revised
manuscript, we chose not to include a description of most of this data here.



6. What is the evidence for a direct inhibition of ZNFX1 by G3BP/stress granules? To
demonstrate in vivo relevance, the authors would need to show at a minimum that G3BP
null cells exhibit increased ZNFX1 activity?? These experiments appear to detract from
the main point of the paper.

We agree with the reviewer that this section may distract from the main focus of the
paper. We attempted to delete G3BP1 and G3BP2 to create G3BP-null THP-1 cells but
were unsuccessful. We also used emetine, a stress granule inhibitor, to prevent stress
granule formation, as suggested by reviewer 3#. However, emetine can trigger
inflammasome activation even without NLRP3 inflammasome agonist treatment (see
below in response to reviewer 3#). After extensive evaluation of existing and newly
acquired data, we have decided to remove the stress granules-related data from our
revised manuscript.

Fig. 6B is not convincing - there is no quantification to support the view that mutant
ZNFX-1 are defective
We have quantified the protein level of the caspase-1 P20/Tubulin ratio from three

biological replicates using ImageJ. This data is included as Figure 7C in our revised
manuscript.

Fig. 6C needs to show WT rescue control

The requested WT rescue control, along with the quantification, is included as Figure
7D and 7E in our revised manuscript.

Please provide figure numbers on the figure pages.

Thank you for noticing this. Figure numbers have been added in the revision.



Referee #3:

In this paper, Huang et al report that ZNFX1, as an ISG and dsRNA virus sensor,
selectively suppress activation of NLRP3 inflammasome to control inflammation.
Mechanistically, ZNFX1 interacts with NLRP3 and sequesters NLRP3 away from Trans-
Golgi network (TGN) during the priming stage. ZNFX1 could be cleaved by caspase-1,
resulting in a feedback regulatory mechanism for NLRP3 inflammasome activation.
Additionally, ZNFX1 facilitates stress granule formation in a caspase-1-independent
manner during activation stage. The study uncovers another mechanism that retains
NLRP3 inactive in resting state, and a novel role of ZNFX1 in controlling inflammation.
Overall, the findings are novel and interesting. However, the following concerns and
guestions should be addressed to further strengthen the study.

Thank you for the positive assessment of our study.

Major comments:

1. The authors show that ZNFX1 promoted stress granules formation and the
aggregation of ZNFX1 in stress granules could enhance NLRP3 inflammasome
activation during the activation stage. Whether the role is dependent of stress granules,
and the authors may explore it using inhibitor of stress granules formation, such as
emetine (DOI: 10.1083/jcb.200502088, DOI: 10.1038/s41586-023-06726-w).

We would like to thank the reviewer for the excellent suggestion. We performed the
requested experiments by treating THP-1 cells with sodium arsenate, with or without
emetine pretreatment. We found that sodium arsenate induces the formation of ZNFX1-
containing stress granules, which is inhibited by emetine, consistent with previous
reports®>*. Next, we treated THP-1 cells with poly(l:C), with or without emetine
pretreatment. Surprisingly, we found that emetine can trigger inflammasome activation,
regardless of poly(l:C) treatment (see below). Therefore, emetine cannot be used to
confirm whether stress granule formation is important for NLRP3 inflammasome
activation. Consequently, we have no direct evidence suggesting that stress granule
formation enhances NLRP3 inflammasome activation during the activation stage.
Additionally, as pointed out by reviewer 2#, these data are largely distracting from the
main point of the story. Hence, we have removed these data from the revised
manuscript.
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Emetine can suppress the formation of stress granules but also induce
inflammation. (A) THP-1 cells were stimulated with sodium arsenite (0.5 mM) with or
without emetine, fixed, and stained with an anti-G3BP1 antibody. Scale bar, 10 ym. (B)
Quantification of the percentage of cells with stress granules from 100 cells in (A). n = 4,
mean * s.d., two-sided Student’s t-test. (C-D) Cells with the indicated genotype were
primed with LPS and treated with poly(l:C) (3 ug/mL, 4 h), with or without emetine (10
pug/mL, 1 h) pretreatment. Inflammation activation was measured by ELISA in (C) and
immunoblot in (D).

2 NLRP3 protein level is a key limiting step for inflammasome activation (DOI:
10.3109/10409238.2012.694844, DOI: 10.1038/ncomms13727). Whether ZNFX1 could
affect NLRP3 expression should be investigated.

Thank you for pointing this out. We have examined the protein levels of NLRP3 in wild-
type, ZNFX1 KO, ZNFX1 RE, and ZNFX1 OE cells in both THP-1 and iBMDM cell lines
and did not observe significant changes in NLRP3 levels with different ZNFX1
expression levels. Additionally, overexpressing ZNFX1 in HelLa cells did not affect the
protein levels of NLRP3. Therefore, ZNFX1 does not appear to affect the protein levels
of NLRP3. We have included these data as Figures EV2E-H in the revised manuscript.

Results (Lines 141-145):

“Given that the NLRP3 protein level is a key limiting factor for inflammasome activation
(Dowling & O'Neill, 2012; Song et al, 2016), we investigated whether ZNFX1 affects
NLRP3 protein levels. Immunoblotting showed that NLRP3 protein levels were similar
regardless of the ZNFX1 expression level (Fig. EV2E-H).”

3. Figure 1N showed that during LPS injection for 6 days, none of the mice in WT group
(Znfx1+/+) has died, which is confusing. The authors should explain it.



Thank you for the comment. Different laboratories have used varying LPS
concentrations (10-40 mg/kg) in LPS injection experiments®>*?, resulting in diverse
mortality rates for WT mice. For instance, Hashimoto et al. reported that WT mice
survived for more than 7 days with a 20 mg/kg LPS treatment®. However, Cho et al.
reported 90% mortality after 4 days with the same concentration?. The underlying
reason for this discrepancy is unknown. It may stem from differences in the specific lots
of LPS used or the condition of mice in different laboratories.

We have meticulously reviewed the original records in the lab notebook and confirmed
that the concentration and protocol used were correct. However, in our experiments, the
LPS concentration employed did not cause WT mice to die by the end of the
experiments (we did not observe the WT mice beyond this point). It is noteworthy that
the same lot of LPS caused Znfx1” mice to die, suggesting that Znfx1” mice are more
susceptible to LPS-induced inflammation. This experiment was repeated on different
days with different batches of mice (n = 4 mice for one replicate, n = 5 for the second
replicate, making n = 9). Additionally, LPS induced higher levels of IL-1B in Znfx1” mice
compared to WT mice (Fig. 2C). To address this concern, we have revised the text to
describe the results more rigorously.

Results (Lines 162-166):

‘“We found that while WT mice survived for 6 days post-LPS treatment in our
experimental setting (when the experiments were stopped), all Znfx1~”~ mice died within
4 days. This suggests that ZNFX1 protects mice from lethal inflammation (Fig. 2A-B).”

4. Figure EV 1B &G, the data showed the expression of TNF-a exist great discrepancy
between LPS treatment and LPS+stimuli, which seemed not in accordance with
previous study (DOI: 10.1038/ncomms13727, DOI: 10.1016/j.celrep.2024.113752 ). The
authors should explain or further confirm this issue.

Thanks for spotting this. This discrepancy is due to a labeling issue, we mistakenly
labeled the control treatment group (without LPS treatment) as the LPS treatment group.
We sincerely apologize for this mistake. To confirm these results, we have replicated
the experiments in revision with LPS alone control and verified the results. Fortunately,
the conclusions do not change. The result is included as Appendix Figs. S2G-H in our
revised manuscript.

Results (Lines 120-122):
“‘Notably, the ability of all the tested stimuli to induce TNF-a release was unaffected in
ZNFX1 KO macrophages (Appendix Fig. S2G-H).”

5. Figure3A, the authors should perform a live cell imaging timeline of the indicated cells
in order to display the location changes of NLRP3, ZNFX1 and TNG46.



We generated cells stably expressing GFP-ZNFX1, mCherry-NLRP3, and mMaroon1-
TGN46. We then performed living imaging of these cells after nigericin treatment. Note,
likely due to overexpression of mMaroonl-TGN46, we found more mCherry-NLRP3
colocalize with mMaroon1-TGN46 in these cells compared with cells expressing GFP-
ZNFX1 and mCherry-NLRP3. This video has been included as Movie EV1 in our
revised manuscript.

Results (Lines 250-253):
“Time-lapse imaging revealed that mCherry-NLRP3 translocated to dispersed TGN46+
vesicles, while GFP-ZNFX1 predominantly remained diffuse (Fig. 4A-B and movie EV1).”

Minor comments:
1. In the Abstract section, the description related stress granules or virus should be
included.

Thank you for the comment. We have not included the description in the abstract since
we have removed the stress granules and virus-related data in our revised manuscript.

2. The abbreviations are usually used defined at the first use in the abstract as well as
in the main text, such as ZNFX1 in the abstract.

Agreed. We have defined abbreviations at the first use in the abstract as well as in the
main text in our revised manuscript.

Abstract ( Lines 27-29):

“Inherited deficiency of zinc finger NFX1-type containing 1 (ZNFX1), a dsRNA virus
sensor, is associated with severe familial immunodeficiency, multisystem inflammatory
disease, increased susceptibility to viruses, and early mortality.”

Abstract ( Lines 32-34):

“Here, we demonstrate that ZNFX1 specifically inhibits the activation of the NLR family
pyrin domain-containing protein 3 (NLRP3) inflammasome in response to NLRP3
activators both in vitro and in vivo.”

Results (lines 49-53):

‘“Among the various inflammasome complexes, the NLR family pyrin domain-
containing protein 3 (NLRP3) inflammasome plays a crucial role in the host immune
defence against bacterial, fungal, and viral infections (Allen et al, 2009; Kanneganti et al,
2006; Nozaki et al, 2022; Thomas et al, 2009).”

Results (lines 83-84):
“Zinc finger NFX1-type containing 1 (ZNFX1) is a highly conserved RNA helicase
belonging to the SF1 helicase family.”



3. Figure EV5I, the data could not support the corresponding conclusion well (line 295).

Thank you for pointing this out. | believe the reviewer is referring to the fact that MG132,
CQ, and 3-MA pretreatment had no effect on protein levels in our original submission.
This discrepancy may be due to the short pretreatment time of each chemical (1 hour).
To address the reviewer’s concern, we subjected the cells to 4 hours of pretreatment
with MG132, CQ, and 3-MA. The following results suggest that 4 hours of treatment with
MG132, CQ, or 3-MA inhibits the proteasome or autophagy:

First, the protein levels of several proteins, such as ZNFX1 and NLRP3, increased after
MG132 treatment, consistent with MG132’s role in inhibiting proteasome-mediated
protein degradation; Second, P62 decreased after NLRP3 inflammasome activation, but
this decrease was blocked by CQ or 3-MA treatment; Third, the levels of IL-18 and
caspase-1 P20 increased after MG132, CQ, or 3-MA treatment compared with DMSO
control treatment, consistent with previous reports'® **. However, the ZNFX1 protein
level decreased after NLRP3 inflammasome activation regardless of proteasome or
autophagy inhibitors pretreatment. The results are included as Fig. EV4G-H in our
revised manuscript.

Results (lines 323-328):

“We found that the protein levels of ZNFX1, NLRP3, IL-18, and caspase-1 P20 were
increased upon MG132, CQ, or 3-MA treatment, as expected and consistent with
previous reports (Han et al, 2019; Song et al., 2016). Remarkably, the level of full-length
ZNFX1 significantly decreased regardless of the inhibitor that was administered (Fig.
EVAG-H).”

4. The expression of GAPDH or Tubulin is too weak, such as Figure 4A, C.

We have increased the brightness of the GAPDH and Tubulin images to an appropriate
level in our revised manuscript. Figures 4A and 4C are now Figures 5A and 5C in the
revised manuscript.

5. There are numerous grammatical mistakes in the manuscript (such as Line197).

We apologize for the grammatical mistakes in our first submission. We have carefully
checked our manuscript using ChatGPT and Grammarly to identify and correct any
grammatical errors. Additionally, we utilized Springer Nature Author Services to polish
the manuscript. We hope you would agree that the clarity and quality of our revised
manuscript has been improved, with grammatical mistakes eliminated.
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1st Revision - Editorial Decision 7th Aug 2024

Dear Prof. Wan,

Thank you for the submission of your revised manuscript to The EMBO Journal and your patience during its peer review. It has
now been seen by two of the original referees who previously assessed the earlier version of your manuscript, and we have
received their comments (included below). As you will see, the referees acknowledge that all previously raised concerns have
been addressed and the manuscript has been improved according to their suggestions.

While referee #3 has no further comments, referee #2 has a few more suggestions for minor changes in the presentation of
some results and explanation/clarification of the used methods. We kindly ask you to fully address these remaining points in a
final version of your manuscript. Please also include in your resubmission a point-by-point response to these comments,
explaining in detail any new changes to the manuscript.

From the editorial side, there are also a few changes and corrections that we need from you before we can proceed with
acceptance of your manuscript for publication:

- Please include a list of up to 5 general keywords after the Abstract of your revised manuscript.

- The Materials and Methods need to be described in the manuscript using our "Structured Methods" format, which is now
required for all research articles. According to this format, the Materials and Methods section includes a single "Reagents and
Tools Table" -listing key reagents, experimental models, software and relevant equipment and including their sources and
relevant identifiers- followed by a "Methods and Protocols" section describing the methods using a step-by-step protocol format.
The aim is to facilitate adoption of the methodologies across labs. More information on this format as well as detailed
instructions, examples, and a template (.docx) for the "Reagents and Tools Table" can be found in our author guide:
https://www.embopress.org/page/journal/14602075/authorguide#structuredmethods.

- Please include in your revised Materials and Methods the details of the authority granting ethics approval of the experiments
involving mice, including the reference number for approval.

- Please change the heading of your conflict-of-interest statement to "Disclosure and competing interests statement".

- The author contributions statement should be removed from the manuscript file. Instead, we now use CRediT to specify the
contributions of each author in the journal submission system. Please feel free to use the free text box to provide more detailed
descriptions during submission. See also our guide to authors for more information:
https://www.embopress.org/page/journal/14602075/authorguide#authorshipguidelines.

- We noticed that there are no callouts in the manuscript for Appendix Table S1. Please make sure that all Appendix items are
called out in the manuscript as appropriate.

- Please move the Contents table of your Appendix to its first (title) page.

- Please ZIP together all Source Data for EV items and Appendix Figures in a master ZIP folder called "EV Appendix items
Source Data".

- Please note that EMBO press papers are accompanied online by:

A) a short (2 sentences) summary of the findings and their significance,

B) 2-5 short bullet points highlighting the key results, and

C) a synopsis image in .jpg or .png format that is exactly 550 pixels wide and 300-600 pixels high (the height is variable). Please
note that the text needs to be legible at the final size. Please upload this information along with your revised manuscript (the text
for A and B should be provided in a separate Word file).

- During a standard image check, we detected the following potential aberrations in your Figure set that must be addressed
before we can proceed with acceptance of the manuscript:

1. Cell image re-use between Figure 4C and EV5C (WT control). The re-use is not mentioned in the figure legend. If the re-use
in this case is intentional and experimentally justified, it should be clearly disclosed in the figure legends.

2. Blot re-use (Tubulin control) between Figure 6E and Figure EV4G. The re-use is not described in the figure legend. Source
data for the two Figures are also the same. If the re-use in this case is intentional and experimentally justified, it should be
clearly disclosed in the figure legends.

Please check both issues carefully, explain/clarify in your cover letter or point-by-point response, and describe any changes to
the Figures and/or their legends.

- Please rename your Movie files to "Movie EV1" to "Movie EV4", and also update their callouts throughout the manuscript
accordingly. For each Movie, its legend should be zipped together with the Movie File in a Word/text file.



- Please note that the exact p values are not provided in the legend of Figure 2a.

- Please indicate the statistical test used for data analysis in the legends of Figures 2a, c-d; 7h; EV 1b-k; EV 2a-c, i-l, n; EV 4e-f,
h-k; EV 5b, f.

- Please note that information related to "n" is missing in the legends of Figures 2c-d; 7h; EV 4e-f, i-k; EV 5b, f.

- Although "n" is provided, please describe the nature of entity for "n" in the legend of Figure 1f.

- Please note that the error bars are not defined in the legends of Figures 2c-f; 7h; EV 4e-f, i-k; EV 5b, f.

- Please note that the scale bar needs to be defined for Figures 2b, g.

Please also note that as part of the EMBO publications' Transparent Editorial Process, The EMBO Journal publishes online a
Peer Review File along with each accepted manuscript. This File will be published in conjunction with your paper and will include
the referee reports, your point-by-point response and all pertinent correspondence relating to the manuscript. You can opt out of
this by letting the editorial office know (contact@embojournal.org). If you do opt out, the Peer Review File link will point to the

following statement: "No Peer Review File is available with this article, as the authors have chosen not to make the review
process public in this case."

We look forward to seeing a final version of your manuscript as soon as possible. Please use this link to submit your revision:
https://emboj.msubmit.net/cgi-bin/main.plex

Best regards,

loannis

loannis Papaioannou, PhD

Editor, The EMBO Journal
i.papaioannou@embojournal.org

Referee #2:

The authors have responded to all my concerns. They have improved data quantification and have deleted distracting data re:
G3BP and stress granules. | only have minor presentation suggestions.

The authors now provide graphs in supplementary figure EV1 showing the results of three biological replicates to support the
findings shown in Figure 1 that ZNFX1 knock out cells show increased response to various inflammation agonists. The results
are presented as the ratio of IL-beta or Casp-1 to tubulin. These ratios have been normalized to 1 for WT cells, but this is not
indicated in the figure legend. Also it appears that each WT replicate has been normalized to 1. The authors should consider
normalizing the AVERAGE of the three WT replicates to 1 so the variability between WT replicates can be shown. Throughout
the paper the authors should describe in more detail how they set up their biological and technical replicates (were each
experimental replicate paired to one wild-type control?), they should also provide the raw data in excel file format, and the
formulas used to generate the values shown in for each graph.

Finally, they should indicate in the legends that white bars indicate WT cells and red bars indicate ZNFX1 knock out cells - this
was not always clear for example in Fig. 1

Referee #3:

The authors have addressed all my concerns. No further comments.



2nd Authors' Response to Reviewers 13th Aug 2024

Dear loannis,

Our response is in Blue.

Referee #2:

The authors have responded to all my concerns. They have improved data
quantification and have deleted distracting data re: G3BP and stress granules. | only
have minor presentation suggestions.

The authors now provide graphs in supplementary figure EV1 showing the results of
three biological replicates to support the findings shown in Figure 1 that ZNFX1 knock
out cells show increased response to various inflammation agonists. The results are
presented as the ratio of IL-beta or Casp-1 to tubulin. These ratios have been
normalized to 1 for WT cells, but this is not indicated in the figure legend. Also it
appears that each WT replicate has been normalized to 1. The authors should consider
normalizing the AVERAGE of the three WT replicates to 1 so the variability between WT
replicates can be shown. Throughout the paper the authors should describe in more
detail how they set up their biological and technical replicates (were each experimental
replicate paired to one wild-type control?), they should also provide the raw data in
excel file format, and the formulas used to generate the values shown in for each
graph.

We thank the reviewer for the great suggestion. For each western blot experiment, we
calculated the ratio of IL- or Casp-1 to tubulin relative to the corresponding WT control.
Since we conducted three biological replicates, we had three WT controls. Each WT
control was arbitrarily set to 1, allowing the ratio of each experimental condition to be
compared with its respective WT control within the same biological replicate. This
approach is commonly used in published studies'?. We have included the following
explanation in the figure legends for Figures 5E-F, 5H, 6G-I, 7C, EV1B-K, EV2F, EV2I-L,
EV4H, and Appendix S3D.

“For each biological replicate, band intensity was measured using ImagedJ. The WT
control was set to 1, and the ratio for ZNFX1 KO cells was calculated by dividing their
intensity by the corresponding WT control intensity.”

We have provided the raw data in Excel format, along with the formulas used in the
Excel files. These are available in the source data files.



Finally, they should indicate in the legends that white bars indicate WT cells and red
bars indicate ZNFX1 knock out cells - this was not always clear for example in Fig. 1

Thank you for pointing this out. We believe the reviewer is referring to the missing
information regarding the white and red bars in some figures. We have now included
bars to indicate that white bars represent WT cells and red bars represent ZNFX1
knock-out cells in Figures EV1B-K, EV2I-L, and EV2N.

Referee #3:

The authors have addressed all my concerns. No further comments.

Thank you for dedicating your time and effort to review our manuscript. We sincerely
appreciate your valuable insights and suggestions, which have greatly contributed to
enhancing the quality of our study.

References for point-to-point response:

1. Liu, T. et al. USP19 suppresses inflammation and promotes M2-like macrophage
polarization by manipulating NLRP3 function via autophagy. Cell Mol Immunol
18, 2431-2442 (2021).

2. Yu, H. et al. Global crotonylome reveals CDYL-regulated RPA1 crotonylation in
homologous recombination-mediated DNA repair. Sci Adv 6, eaay4697 (2020).



2nd Revision - Editorial Decision 20th Aug 2024

Dear Prof. Wan,

Congratulations on an excellent manuscript, | am very pleased to inform you that it has been accepted for publication in The
EMBO Journal. Thank you very much for your comprehensive responses to the referee concerns and for addressing all editorial
requests.

Your manuscript will now be processed for publication by EMBO Press. It will be copy edited and you will receive page proofs
prior to publication. Please note that you will be contacted by Springer Nature Author Services to complete licensing and
payment information.

You may qualify for financial assistance for your publication charges - either via a Springer Nature fully open access agreement
or an EMBO initiative. Check your eligibility: https://www.embopress.org/page/journal/14602075/authorguide#chargesguide

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

If you have any questions, please do not hesitate to contact the Editorial Office. Thank you for your contribution to The EMBO
Journal. Working with you has been a pleasure!

Best wishes,
loannis
loannis Papaioannou, PhD

Editor, The EMBO Journal
i.papaioannou@embojournal.org

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

** Click here to be directed to your login page: https://emboj.msubmit.net



EMBO Press Author Checklist

Corresponding Author Name: Anlong Xu, Gang Wan and Yao Wang

Journal Submitted to: The EMBO Journal

Manuscript Number: EMBOJ-2024-117038R

Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in

transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
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Abridged guidelines for figures

1. Data

The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an

accurate and unbiased manner.

USEFUL LINKS FOR COMPLETING THIS FORM
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EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
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— ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
— plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
— if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.

— Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.

—

—)
—_—
—)

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

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
the exact sample size (n) for each experimental group/condition, given as a number, not a range,;
a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including

how many animals, litters, cultures, etc.).

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

—

definitions of statistical methods and measures:

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

- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?

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

- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

Please complete ALL of the questions below.
Select "Not Applicable” only when the requested information is not relevant for your study.

Materials

Newly Created Materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

New materials and reagents need to be available; do any restrictions
apply?

Yes

Materials and Methods

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

For antibodies provide the following information:

- Commercial antibodies: RRID (if possible) or supplier name, catalogue
number and or/clone number

- Non-commercial: RRID or citation

Yes

Materials and Methods

DNA and RNA sequences

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Short novel DNA or RNA including primers, probes: provide the
sequences.

Yes

Materials and Methods, Appendix Table S1

Cell materials

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Cell lines: Provide species information, strain. Provide accession humber

in repository OR supplier name, catalog number, clone number, and/OR Yes Materials and Methods
RRID.
Primary cultures: Provide species, strain, sex of origin, genetic Yes Materials and Methods

modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling)
and tested for mycoplasma contamination.

Experimental animals

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,

age, genetic modification status. Provide accession number in repository Yes Materials and Methods
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,

and age where possible.

Please detail housing and husbandry conditions. Yes Materials and Methods

Plants and microbes

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).

Microbes: provide species and strain, unique accession number if
available, and source.

Human research participants

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.

Core facilities

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If your work benefited from core facilities, was their service mentioned in
the acknowledgments section?

Design
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Ethics

Study protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

If study protocol has been pre-registered, provide DOI in the
manuscript. For clinical trials, provide the trial registration number OR cite
DOl.

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

Laboratory protocol

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step
protocols are available.

Experimental study design and statistics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Include a statement about sample size estimate even if no statistical
methods were used.

Yes

Materials and Methods, Figure Legends

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

Include a statement about blinding even if no blinding was done.

Yes

Materials and Methods

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

If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.

Yes

Materials and Methods

For every figure, are statistical tests justified as appropriate? Do the data
meet the assumptions of the tests (e.g., normal distribution)? Describe any
methods used to assess it. Is there an estimate of variation within each
group of data? Is the variance similar between the groups that are being
statistically compared?

Yes

Materials and Methods, Figure Legends

Sample definition and in-laboratory replication

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

In the figure legends: state number of times the experiment was replicated
in laboratory.

Yes

Figure Legends

In the figure legends: define whether data describe technical or biological
replicates.

Yes

Figure Legends

Ethics

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Studies involving human participants: State details of authority granting
ethics approval (IRB or equivalent committee(s), provide reference
number for approval.

Studies involving human participants: Include a statement confirming that
informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and

the Department of Health and Human Services Belmont Report.

Studies involving human participants: For publication of patient photos,
include a statement confirming that consent to publish was obtained.

Studies involving experimental animals: State details of authority
granting ethics approval (IRB or equivalent committee(s), provide
reference number for approval. Include a statement of compliance with
ethical regulations.

Yes

Materials and Methods

Studies involving specimen and field samples: State if relevant permits
obtained, provide details of authority approving study; if none were
required, explain why.

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https://www.selectagents.gov/sat/list.htm

If you used a select agent, is the security level of the lab appropriate and
reported in the manuscript?

If a study is subject to dual use research of concern regulations, is the
name of the authority granting approval and reference number for the
regulatory approval provided in the manuscript?

Reporting
The MDAR framework recommends adoption of discipline-specific guidelines, established and endorsed through community initiatives. Journals have their own policy about

requiring specific guidelines and recommendations to complement MDAR.

Adherence to community standards

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

State if relevant guidelines or checklists (e.g., ICMJE, MIBBI, ARRIVE,
PRISMA) have been followed or provided.

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

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

Data Availability

Data availability

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Have primary datasets been deposited according to the journal's
guidelines (see 'Data Deposition' section) and the respective accession
numbers provided in the Data Availability Section?

Were human clinical and genomic datasets deposited in a public access-
controlled repository in accordance to ethical obligations to the patients and
to the applicable consent agreement?

Are computational models that are central and integral to a study
available without restrictions in a machine-readable form? Were the
relevant accession numbers or links provided?

If publicly available data were reused, provide the respective data citations
in the reference list.
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