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1st Editorial Decision 14th Jul 2023

14th Jul 2023

Dear Dr. Tapia-Paez,

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now received feedback from the three
reviewers who agreed to evaluate your manuscript. As you will see below, the reviewers raise substantial concerns on your
work, which unfortunately preclude its publication in EMBO Molecular Medicine in its current form.

The reviewers find that the question addressed by the study is of potential interest, however they remain unconvinced that some
of the major conclusions are sufficiently supported by the data. In particular, a critical point raised by referee #3 relates to the
claim that Nox4 generates superoxide while it has been shown to instead release hydrogen peroxide.

If you feel you can satisfactorily address this point and the other issues raised by the referees, you may wish to submit a revised
version of your manuscript. Please attach a covering letter giving details of the way in which you have handled each of the
points raised by the referees. A revised manuscript will once again be subject to review, and we cannot guarantee at this stage
that the eventual outcome will be favorable. EMBO Molecular Medicine encourages a single round of revision only and
therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next,
final version of the manuscript. For this reason, and to save you from any frustrations in the end, | would strongly advise against
returning an incomplete revision.

As revising the manuscript according to the referees' recommendations appears to require a lot of additional work and
experimentation, and given the potential interest of your findings, we are ready to extend the deadline to 6 months.

If you would like to discuss further the points raised by the referees, | am available to do so via email or video. Let me know if
you are interested in this option.

When submitting your revised manuscript, please carefully review the instructions that follow below. We perform an initial quality
control of all revised manuscripts before re-review; failure to include requested items will delay the evaluation of your revision.

We require:

1) A .docx formatted version of the manuscript text (including legends for main figures, EV figures and tables). Please make sure
that the changes are highlighted to be clearly visible.

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure). For guidance, download the 'Figure Guide PDF’
(https://www.embopress.org/page/journal/17574684/authorguide#figureformat).

3) At EMBO Press we ask authors to provide source data for the main 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.

4) 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.

5) A complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please insert information in the
checklist that is also reflected in the manuscript. The completed author checklist will also be part of the RPF.

6) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript.

7) It is mandatory to include a 'Data Availability’ section after the Materials and Methods. Before submitting your revision, primary
datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers and
database listed under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

In case you have no data that requires deposition in a public database, please state so in this section. Note that the Data
Availability Section is restricted to new primary data that are part of this study.

8) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to



calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.). Please provide exact p values.

9) 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 PRINA342805, 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 .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables 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 main text after the legends of regular figures.

- 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 Content. Appendix figures should be referred to in
the main text as: "Appendix Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc. Legends have to be provided in
a separate tab in case of .xIs files. Alternatively, the legend can be supplied as a separate text file (README) and zipped
together with the Table/Dataset file.

See detailed instructions here:

11) The paper explained: EMBO Molecular Medicine articles are accompanied by a summary of the articles to emphasize the
major findings in the paper and their medical implications for the non-specialist reader. Please provide a draft summary of your
article highlighting

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

This may be edited to ensure that readers understand the significance and context of the research. Please refer to any of our
published articles for an example.

12) For more information: There is space at the end of each article to list relevant web links for further consultation by our
readers. Could you identify some relevant ones and provide such information as well? Some examples are patient associations,
relevant databases, OMIM/proteins/genes links, author's websites, etc...

13) Author contributions: CRediT has replaced the traditional author contributions section because it offers a systematic
machine readable author contributions format that allows for more effective research assessment. Please remove the Authors
Contributions from the manuscript and use the free text boxes beneath each contributing author's name in our system to add
specific details on the author's contribution. More information is available in our guide to authors.

14) Disclosure statement and competing interests: 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.

15) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses are displayed on the journal
webpage and are freely accessible to all readers. They include a short stand first (maximum of 300 characters, including space)
as well as 2-5 one-sentences bullet points that summarizes the paper. Please write the bullet points to summarize the key NEW
findings. They should be designed to be complementary to the abstract - i.e. not repeat the same text. We encourage inclusion
of key acronyms and quantitative information (maximum of 30 words / bullet point). Please use the passive voice. Please attach
these in a separate file or send them by email, we will incorporate them accordingly.

Please also suggest a striking image or visual abstract to illustrate your article as a PNG file 550 px wide x 300-600 px high.

16) As part of the EMBO Publications transparent editorial process initiative (see our Editorial at
http://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a Review Process File (RPF)
to accompany accepted manuscripts.

In the event of acceptance, this file will be published in conjunction with your paper and will include the anonymous referee
reports, your point-by-point response and all pertinent correspondence relating to the manuscript. Let us know whether you
agree with the publication of the RPF and as here, if you want to remove or not any figures from it prior to publication.

Please note that the Authors checklist will be published at the end of the RPF.

EMBO Molecular Medicine has a "scooping protection” policy, whereby similar findings that are published by others during
review or revision are not a criterion for rejection. Should you decide to submit a revised version, | do ask that you get in touch



after three months if you have not completed it, to update us on the status.

I look forward to receiving your revised manuscript.

Yours sincerely,

Lise Roth

Lise Roth, PhD
Senior Editor
EMBO Molecular Medicine

***** Reviewer's comments *****
Referee #1 (Remarks for Author):

Psoriatic arthritis mutilans (PAM) is the most severe form of PsA, with unknown underlying mechanisms including genetic
backgrounds. The authors found rare variants in NOX4 in 4/61 PAM patients. NOX4 is a transmembrane enzyme expressed in
many cell types including keratinocytes and osteoclasts, functionally involved in the production of ROS. Additional variants were
also found in other genes related with ROS production. In fact, patients with NOX4 rare variants showed up-regulation of ROS in
their peripheral blood, CD14+ cells from one of patient showed increased differentiation into osteoclasts. Upon hypothesizing
that those rare variants of NOX4 might increase the levels of ROS, the authors conducted several in vitro and in vivo models.
This study is clinically intriguing in that at least a subset of patients suffering from the most severe form of PsA had rare variant
in the pathway related with ROS production. The manuscript is well-written and intensively evaluated the functional aspects of
the variant genes. This reviewer rises several concerns.

From in vitro experiments, variant forms of NOX4 seem to be GOF ones, but in-silico prediction suggested they are damaging. It
is hard to understand why frame-shift mutation in the functional cytoplasmic domain increases the function of the gene. Is it
possible that other NOX family proteins are over-expressed in those with NOX4 variants?

Is any SNP or rare variants with known eQTL effect on NOX4 detected in their patients (other than intronic SNP rs11018628)7?
Did the author find any SNP or rare variant in the promotor/enhancer lesion of NOX4 gene in investigated patients?

Figure 3

In overexpression system, transcript levels largely depend on the structures of each expression vectors. It is unclear how those
artificial expression vectors represent phenomena found in their patients. Was there statistically significant difference in ROS
levels between pcDNA3.1 and NOX4WT?

Figure 4

How the authors think of the effect of TNF-inhibitors on ROS production? When etanercept was predicted to increase ROS
production, why adalimumab was considered to decrease that?

Figure 5

Osteoclast differentiation from peripheral blood is interesting, but evaluated in only one patient.

Referee #2 (Comments on Novelty/Model System for Author):

Potentially, the findings improve the understanding of this severe form of psoriatic arthritis.

Referee #2 (Remarks for Author):

In this manuscript, Wang S. et al. studied a cohort of Nordic patients (Sweden, Denmark and Norway) with psoriatic arthritis
mutilans (PAM). By using of next generation sequencing (whole exome sequencing and whole genome sequencing), they found



rare variants in NOX4 gene, which are characterized in overexpression system and animal model (zebrafish) in terms of reactive
oxygen species (ROS) production. The authors concluded that these variants cause a high ROS production. In addition, they
found other variants in some genes related with ROS/NOX4 pathway. See my comments:

-The model to find rare variants are missing in this article: autosomal recessive, autosomal dominant or X-recessive pattern?
MAF?

-Familial segregation is also missing here. | assumed regarding the electropherogram that variants of patients are heterozygous.
-Expression of RNA was evaluated in HEK293 cell lines. However, the authors do not show protein expression.

-The authors should specify that are the cells used for testing ROS production: whole blood, peripheral mononuclear cells,
peripheral monocytes, neutrophils, osteoclast differentiation?

-Samples of PAM12 were used for the differentiation of osteoclasts and the evaluation of ROS production. What is here the
connexion? She/he is mutated in NOX4?

Referee #3 (Remarks for Author):

Wang et al have applied whole-genome sequencing (n=5) and whole exome sequencing (n=56) to search for potentially disease
relevant gene polymorphisms in patients with Psoriatic arthritis mutilans (PAM); an infrequent and severe variant of psoriatic
arthritis. They found rare variants in the NADPH oxidase 4 (NOX4) in four patients.

NOX4, a member of the NOX-family of enzymes that functions as the catalytic subunit of the NADPH oxidase complex, is known
to be involved in the production of reactive oxygen species (ROS). The authors have tested in in vitro and in vivo models
whether the identified variants are involved in enhancing ROS release. Specifically, they are presenting data from osteoclasts of
1 patient with PAM, from stably transfected cell lines, from direct measurements of superoxide in patient blood samples and from
zebra fish models. They conclude that NOX4 is a susceptibility gene in PAM and contributes to disease through production of
high levels of superoxide, specifically in osteoclast.

Comments:
1. PAM is a disabling subtype of psoriatic arthritis and genetic risk factors have not yet been identified. Therefore, the current
study is timely and potentially impactful.

2. The authors have available a cohort of n=61 PAM patients that have been clinically well phenotyped. This is a valuable
resource.

3. While it is straightforward to speculate that a polymorphism in a NOX gene is involved in ROS production, the mechanistic
data presented in the current manuscript remain unconvincing.

4. As a general rule, the study cohorts for the mechanistic experiments are very small, often consisting of only one patient.

5. Nox4 is unusual as it releases hydrogen peroxide (H202) in contrast to Nox1-Nox3 and Nox5, which release superoxide
(Nisimoto et al, Biochemistry 2014). Curiously, the authors present several data sets showing that NOX4 generates superoxide
and the title of the manuscript implicates NOX4 in inducing high superoxide levels. This is a critical claim of the manuscript and
requires clarification.

6. Not only does Nox4 emit a different pattern of ROS, but there are fundamental differences between NOX4 and the other
members of the NOX family. Specifically, its subcellular localizations, tissue distribution and influence over signaling pathways is
different from the other Nox enzymes. Nox4 is recognized for its role in oxygen sensing, vasomotor control, cellular proliferation,
differentiation, migration, apoptosis, senescence, fibrosis, and angiogenesis.

The current manuscript is focused exclusively on the expression of NOX4 in osteoclastic cells, a subtype of myeloid cells. This
appears to be a missed opportunity and it is not clear how the authors arrived at this focus. Here, an unbiased approach would
make more sense.

7. The Human Protein Atlas provides data about the expression of NOX4 in different cell types.

By far the highest expression of NOX4 occurs in proximal tubular cells in the kidney. To a much lower degree is NOX4 found in
fibroblasts and smooth muscle cells in different organs. It is explicitly noted that immune cells, including the myeloid cell types,
are low for NOX4 expression. Here, it may be important to consider how NOX4+ proximal tubular cells in the kidney could have
a potential role in PAM.

8. NOX4 is overexpressed in some tumors and has been implicated in regulating oncogenic metabolic adaptations. This is
another important aspect of NOX4 biology that has not been considered in the current manuscript.

9. Figure 3: The authors are showing highly elevated NOX4 RNA expression in HEK293 cell lines transfected with a vector



carrying wt or variant NOX4. Did they control for how many copies of the vector each of the cell lines contains?

10. Figure 3: The expression of NOX4 RNA appears to be massively higher if HEK293 cells are transfected with vectors
containing NOX4(Y512IfsX20), NOX4(Y512C), and NOX4(V369F). If correct, this is an interesting observation. Do the authors
know what the underlying mechanism is?

The authors state that the polymorphisms affect the NADPH binding domain of the enzyme (Line 309). Why would that lead to a
change in RNA abundance? This is difficult to understand.

11. Figure 3B. The authors show higher superoxide expression in the cell lines transfected with NOX4 variants. NOX4 releases
hydrogen peroxide (H202) in contrast to Nox1-Nox3 and Nox5, which release superoxide (Nisimoto et al, Biochemistry).
Here, it would be critical to show production of hydrogen peroxide.

12. Line 426-428: "The results suggest that the variant NOX4 (Y512C) affecting the NADPH binding domain is responsible for
the elevated superoxide production.”

Are the authors proposing that the rare variants of NOX4 change emission of the ROS pattern? To support that claim, they
would need to show precise measurements of H202 and of superoxide (ideally in a membrane-free system).

13. Line 429-430: "It should be noted here that we did not find any NOX4 mutations in PAM12 and PAM37, nor mutations in any
other genes related to NOX4."

Nevertheless, the authors chose PAM12 and PAM37 to examine peripheral blood ROS measurements. PAM12 appears to
produce high levels and PAM37 appears to produce levels indistinguishable from controls.

- The authors should clarify what "peripheral blood" is. Is this serum? Plasma? Does it contain cells?

- It is unclear why they examined patients that do not carry the variant.

- To examine a single patient is insufficient to draw any conclusions. Here, they need to examine patient cohorts of sufficient size
and include patients with other inflammatory diseases as controls. High ROS production has been implicated in a variety of
inflammatory diseases. To support their claim, the authors need to link the high ROS production to NOX4.

14. In some experiments, the authors have used DCFH-DA for "ROS quantification". Quantifying specific subtypes of ROS is
challenging, particularly for H202 (see recently developed Guidelines; Murphy et al, Nature Metabolism, 2022). DCFH does not
directly react with H202 to form the fluorescent product, DCF. Therefore, DCF fluorescence cannot be used as a direct measure
of H202. Experiments utilizing DCFH-DA should be interpreted with caution.



1st Authors' Response to Reviewers 8th Dec 2023

Referee #1 (Remarks for Author):

Psoriatic arthritis mutilans (PAM) is the most severe form of PsA, with unknown
underlying mechanisms including genetic backgrounds. The authors found rare
variants in NOX4 in 4/61 PAM patients. NOX4 is a transmembrane enzyme
expressed in many cell types including keratinocytes and osteoclasts, functionally
involved in the production of ROS. Additional variants were also found in other genes
related with ROS production. In fact, patients with NOX4 rare variants showed up-
regulation of ROS in their peripheral blood, CD14+ cells from one of patient showed
increased differentiation into osteoclasts. Upon hypothesizing that those rare
variants of NOX4 might increase the levels of ROS, the authors conducted several in
vitro and in vivo models.

This study is clinically intriguing in that at least a subset of patients suffering from the
most severe form of PSA had rare variant in the pathway related with ROS
production. The manuscript is well-written and intensively evaluated the functional
aspects of the variant genes. This reviewer rises several concerns.

Response: We thank the reviewer for the feedback and consider the comments to
improve our manuscript. Please see below.

1) From in vitro experiments, variant forms of NOX4 seem to be GOF ones, but in-
silico prediction suggested they are damaging. It is hard to understand why frame-
shift mutation in the functional cytoplasmic domain increases the function of the
gene. Is it possible that other NOX family proteins are over-expressed in those with
NOX4 variants?

Response: Yes, indeed while the prediction typically associated frameshifts with
LoF, is not always the case. There are instances where frameshift variants might
lead to GoF as observed in conditions such as chondrodysplasia with COL10A1 null
and truncating mutations, leading to expansion of growth plates and chondrocyte
differentiation (Ho et al, 2007) as well as in several tumors such as breast cancer
(Mair et al, 2016) and Wilms tumor (Busch et al, 2014).

Interestingly, the frameshift variant (p.Y512IfsX20) that we found in our study
exhibits a similar functional effect as the missense variant (p.Y512C) found in two
PAM patients, which is located adjacent to it, affecting the same codon. This finding
suggests that the location of these rare variants in the NADPH binding domain might
be critical for the NOX4 enzymatic activity. The variants found could affect the
protein folding, potentially prompting the cell to compensate by increasing gene
expression. In the case of the frameshift variant, it shortens the protein by 46 amino
acids, and the aberrant end of the protein might affect the NADPH binding,
potentially increasing the generation of hydrogen peroxide.

Regarding the potential overexpression of other NOX family proteins in patients with
NOX4 rare variants, there is a possibility that due to compensatory mechanisms
genes from the same family may try to compensate or may be triggered. In the
experiments that we performed and presented in our manuscript, we measured the
general ROS by using EPR and DCFH-DA. The results showed increase of ROS in
all models, however the methods used could not identify specific ROS. Note that in
the current manuscript we have added new in vitro assays with a probe detecting
specifically hydrogen peroxide, the specific oxygen species released by NOX4
(Figures 3C-D and 6B-C).




In addition, identifying pathogenic variants among the approximately 4 million
variants in our genome is a significant challenge. We performed WGS on five PAM
Swedish patients followed by WES on the remaining 56 patients. There was no a
priori hypothesis about specific genes involved in PAM. As most of our data is from
WES, it's plausible that PAM patients may carry other variants (inter- or intra-genic)
affecting NOX family genes (including NOX4) or other genes affecting ROS that
might have eluded our analysis. Nevertheless, our experiments conducted in cell
lines and in zebrafish models are designed to measure the effects of the specific
variants found in NOX4 compared to NOX4 wild type. Therefore, we think that it is
unlikely that the observed effects in the in vitro system are due to other NOX
variants.

2) Is any SNP or rare variants with known eQTL effect on NOX4 detected in their
patients (other than intronic SNP rs11018628)7?

Response: We thank the reviewer for the comment. We checked the three variants
found in PAM patients. However, they do not show any eQTLs in databases such as
FIVEX, GTex and opentargets.

Regarding the eQTL SNPs for NOX4, the data available in databases is limited,
covering adipose, artery, brain, fibroblasts, testis and skin tissues (not bone); when
looking at the skin eQTLs for NOX4, all eQTLs are moderate negative (see the
Figure R1 from GTEX. Skin eQTLs are marked by a green box).
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Figure R1: eQTL for NOX4 in GTEX.
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| mixed | positive and negative effect in combined eQTL |

Furthermore, we also looked at whole blood eQTL data from
https://www.eqtlgen.org/phasel.html and we observe that there are no cis-eQTLs
nor trans-eQTLs linked to NOX4 collected from 31,684 blood samples.

Most eQTLs are linked to common variants in the population and therefore we may
not make any assumptions that those would be potentially damaging for the rare
disease PAM.

Did the author find any SNP or rare variant in the promotor/enhancer lesion of NOX4
gene in investigated patients?

Response: Thank you for the question. We meticulously looked at the
enhancer/promoter regions. But as our analysis encompassed WGS data for five
patients and only coding WES data for most of the patients (n=56), we are very
limited in this analysis. In the ENCODE database we looked at the regions with
peaks in H3K4Mel, H3K4Me3 and H3K27Ac (see table R1).
https://genome.ucsc.edu/cqgi-
bin/hgTracks?db=hg19&lastVirtModeType=default&lastVirtModeExtraState=&virtMo
deType=default&virtMode=0&nonVirtPosition=&position=chr11%3A89057522%2D89
224653&hqsid=1706963600 zTGBwWSMFhR1aChYnxNJEaXDU[XSW. In those
regions we do not find any variants shared by at least two patients that would be
very rare to investigate further; Instead, several indels with relatively high frequency
in the population were identified. We also looked at variants that are annotated in
Clinvar for NOX4 in the enhancer/promoter regions (Clinvar dbSNP (155))
rs139341533 chrl11:89182666-89182666; rs144387171 chrl11:89182672-89182672;
rs140381222 chr11:89135668-89135668; rs139363194 chr11:89133506-89133506;
rs111971665 chr11:89075367-89075367, and enhancer rs115031759
chr11:89073269-89073269. https://genome.ucsc.edu/cqi-
bin/hgTrackUi?hgsid=1778674868 1bW83Myn46sgAunAgaOFKKuULMP95&db=hg1
9&c=chr11&g=dbSnp155Composite. None of the variants were present in the five
WGS PAM patients.

Of course, we acknowledge the limitation of our workflow, as indicated in our
manuscript on (page 13, lines 297-300). ...1n our genetic analysis, we did not find
any other NOX4 rare variants in the rest of the PAM cohort (n=57), but we cannot
exclude that these patients may carry other variants located in intergenic or
intragenic regions which would escape our analysis as most of the patients were
sequenced only for exomes.’

Table R1: Mapping promotor/enhancer lesion of NOX4 gene

Location in GRCh37/hg19 Promoter/enhancer regions
chr11:89,338,200-89,344,146 Upstream of the gene/enhancer
chr11:89,215,596-89,238,872 Promoter region
chr11:89,195,616-89,198,280 Intron in NOX4/potentially an enhancer
chr11:89,174,111-89,177,684 Probably an enhancer, inside an intron
chr11:89,106,239-89,117,143 Strong signal, enhancer, in intron
chr11:89,088,458-89,089,859 Probably an enhancer
chr11:89,064,876-89,074,438 Enhancer, spans exons and introns
chr11:89,053,965-89,055,453 Downstream of NOX4 - probably
enhancer
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https://genome.ucsc.edu/cgi-bin/hgTrackUi?hgsid=1778674868_1bW83Myn46sgAunAqaOFKKuLMP95&db=hg19&c=chr11&g=dbSnp155Composite

3) Figure 3. In overexpression system, transcript levels largely depend on the
structures of each expression vectors. It is unclear how those artificial expression
vectors represent phenomena found in their patients. Was there statistically
significant difference in ROS levels between pcDNA3.1 and NOX4wT?

Response: We appreciate your thoughtful consideration. The use of artificial
expression vectors in cell line studies is a common and simplified in vitro technique,
which is used for specific effects of single-gene investigation or molecular
mechanisms under controlled conditions. While we acknowledge that these models
may not fully replicate the complexity of the human body, they still provide valuable
insights into NOX4 function and ROS changes. The findings obtained from our in
vitro models are essential to understand the functional role of the gene and its
variants and provide hypotheses that need to be further validated in more complex
systems. In our study this validation process included additional models such as in
vivo - zebrafish model, measurement of ROS in whole blood samples from PAM
patients, and primary cells- osteoclasts culture, which helped us to confirm the
relevance of the observed effects.

Regarding the statistical analyses, two-tailed t-test indicate a statistically significant
difference in mMRNA expression (Figure R2A) and ROS levels between the pcDNA3.1
and NOX4"" (p=0.0222) (Figure R2B and R2C), revealing that the presence of
NOX4"" has a substantial impact on ROS production compared to the control group.
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Figure R2: Impact on HEK293 cell lines overexpressing pcDNA3.1 and NOX4",
(A) Quantification of NOX4 mRNA expression through gRT-PCR in HEK293 stable
transfected cells expressing pcDNA3.1 (empty vector) and pcDNA3.1-NOX4"" (wild-
type). (B) ROS generation was elevated in cells overexpressing NOX4" compared to
pcDNA3.1-transfected cells by EPR. (C) The H,O, present in cells was assessed
using the BioTracker Green H,0; live cell dye in HEK293 stable cells followed by
quantification of the fluorescence intensity. H,O,: Hydrogen Peroxide. Data are
shown as mean + SEM based on the two-tailed T-test.

Figure 4

How the authors think of the effect of TNF-inhibitors on ROS production? When
etanercept was predicted to increase ROS production, why adalimumab was
considered to decrease that?



Response: We see that this point needs clarification. It has been shown in different
studies that TNF-a induces the production of ROS (Kim et al, 2010; Zelova & Hosek,
2013). Therefore, TNE-inhibitors decrease ROS production. Adalimumab is a
disease-modifying antirheumatic drug that inactivates TNFa. Both etanercept and
adalimumab are TNF-inhibitors that target inflammation (we added text to clarify, see
page 9, lines 213-215. ...'Several studies have shown that TNF-a induces the
production of ROS (Kim et al., 2010; Zelova & Hosek, 2013) and the medication
could have affected the level of ROS.’

Figure 5

Osteoclast differentiation from peripheral blood is interesting but evaluated in only
one patient.

Response: We understand the concern of the reviewer. We have incorporated data
from one more patient PSA961 in this analysis, who is a Psoriatic Arthritis (PsA)
patient carrying the rare NOX4 variant (p.Y512C). Interestingly, the osteoclasts from
this patient show a similar pattern than PAM12, i.e., enhanced osteoclast
differentiation and increased ROS (more specifically H,O,) activity. We have added
the data into a new Figure 6.

As the reviewer may appreciate, it is extremely difficult to recruit more patients due
to the rarity of PAM, the geographical dispersion of the patients living in different
cities and countries, as well as the mobility issues associated with the disease. In
addition, the ROS measurement by EPR and osteoclast differentiation require fresh
blood samples and a minimum amount of the already limited CD14-positive cells,
making it quite challenging.

Referee #2 (Comments on Novelty/Model System for Author):
Potentially, the findings improve the understanding of this severe form of psoriatic
arthritis.

Referee #2 (Remarks for Author):

In this manuscript, Wang S. et al. studied a cohort of Nordic patients (Sweden,
Denmark and Norway) with psoriatic arthritis mutilans (PAM). By using of next
generation sequencing (whole exome sequencing and whole genome sequencing),
they found rare variants in NOX4 gene, which are characterized in overexpression
system and animal model (zebrafish) in terms of reactive oxygen species (ROS)
production. The authors concluded that these variants cause a high ROS production.
In addition, they found other variants in some genes related with ROS/NOX4
pathway. See my comments:

Response: We would like to express our sincere appreciation for your thoughtful
and constructive comments on our manuscript.

-The model to find rare variants are missing in this article: autosomal recessive,
autosomal dominant or X-recessive pattern? MAF?

-Familial segregation is also missing here. | assumed regarding the
electropherogram that variants of patients are heterozygous.

Response: Thank you for the comment. We are sorry we were not clear on this
subject. Our cohort consists of cases and controls, we do not have families.
Therefore, it is not straightforward to discuss inheritance models.

Based on the data that we have, the disease seems to be autosomal dominant as
the rare variants examined are potentially pathogenic in the carriers. The variants




were validated by several methods and are not present in healthy controls.
Unfortunately, without material from parents, we are unable to confirm if the variants
are de novo or inherited.

The variants are indeed heterozygous, we mention it in the legend of Figure 2b
“heterozygous variants in NOX4 are shown”. We also added the information in the
results section (page 6, lines 129-130). ...’All variants found are heterozygous and
have been confirmed by Sanger sequencing of genomic DNA.’

Regarding the rare variants the filtering is described in the flowchart of Figure 1, but
it may be worth clarifying that the criteria in the first screening was to find i) very rare
variants in the same gene in at least two patients (MAF<0.0001), ii) rare variants in
different genes from the same pathway, or iii) rare homozygous or compound
heterozygous loss-of-function variants in coding regions or variants that would affect
gene-splicing. We explored the list of genes obtained in the first screening by
thorough literature search, gene ontology (GO) and HPO annotations. NOX4, a gene
involved in bone resorption stood out when the first five Swedish patients were
sequenced (Figure 2). By finding another two rare variants in two PAM patients
affecting important domains for gene function in the NOX4 gene encouraged us to
perform whole exome sequencing in the remaining 56 PAM patients.

-Expression of RNA was evaluated in HEK293 cell lines. However, the authors do
not show protein expression.

Response: Thank you for pointing this aspect out. We started our attempt to
understand the consequences of the rare variants found in NOX4 patients by using
HEK293 cells (Figure 3). These cells are easy to propagate, to transfect, and
importantly the system has been used before in Nox4 studies (Takac et al, 2011).
Our primary focus was on understanding gene expression and the results obtained
through RT-PCR consistently supported our findings.

We performed Western blots several times with extracts from the transiently
transfected cells, the results showed the same trend as the results seen by RT-PCR
and EPR but were not consistent enough to conclude that there was a significant
change at the protein level in those cells. Western blot is a semi-quantitative method,
influenced by various technical and biological factors. Therefore, we decided not to
show the HEK293 western blots in our manuscript. However, to strengthen our
observations, we have added a new figure (Figure 6D) demonstrating significantly
elevated NOX4 protein levels in osteoclasts from a patient carrying one of the rare
variants (NOX4"*?“) compared to a healthy control, providing additional insights into
protein expression levels.

-The authors should specify that are the cells used for testing ROS production: whole
blood, peripheral mononuclear cells, peripheral monocytes, neutrophils, osteoclast
differentiation?

Response: Thank you for the comment. We have measured ROS levels by different
methods, including Electron paramagnetic resonance (EPR), 2',7'-dichlorofluorescein
diacetate (DCFH-DA) and a new H,0O, specific probe in the improved manuscript. To
clarify see the table R2 below.

Table R2: The methodologies employed for each species of ROS measurement in

our study.
‘ | Stable transfected | Patient derived ‘ Zebrafish | Patients whole |




HEK?293 cells osteoclasts’ model blood samples
H,O, probe + +
EPR + +
DCFH-DA + + +

'Osteoclasts were differentiated from peripheral blood monocytes.

-Samples of PAM12 were used for the differentiation of osteoclasts and the
evaluation of ROS production. What is here the connexion? She/he is mutated in
NOX4?

Response: The patient PAM12 lives in our city and has visited our clinic. Despite
extensive genome analysis, no candidate rare variants in NOX4 nor in other genes
that would account for the phenotype were identified (explained in page 9, lines 215-
216). ... 1t should be noted here that we did not find any NOX4 mutations in PAM12
and PAM 37, nor mutations in any other genes related to NOX4".

It is possible that rare variants on NOX4 or other genes affecting the same pathway
might exist in inter- or intragenic regions and have eluded our analysis. Moreover,
epigenetic mechanisms influencing gene expression cannot be ruled out.

In the improved manuscript we have added one additional patient for the osteoclast
differentiation, the PsA patient (PsA961) carrying the rare variant NOX4"'*¢, The
results from this patient are remarkably similar to the results obtained from the
PAM12, reinforcing the consistency of our results in osteoclast differentiation (Figure
5B-C) and the generation of ROS (Figure 5D-E).

Referee #3 (Remarks for Author):

Wang et al have applied whole-genome sequencing (n=5) and whole exome
sequencing (n=56) to search for potentially disease relevant gene polymorphisms in
patients with Psoriatic arthritis mutilans (PAM); an infrequent and severe variant of
psoriatic arthritis. They found rare variants in the NADPH oxidase 4 (NOX4) in four
patients.

NOX4, a member of the NOX-family of enzymes that functions as the catalytic
subunit of the NADPH oxidase complex, is known to be involved in the production of
reactive oxygen species (ROS). The authors have tested in in vitro and in vivo
models whether the identified variants are involved in enhancing ROS release.
Specifically, they are presenting data from osteoclasts of 1 patient with PAM, from
stably transfected cell lines, from direct measurements of superoxide in patient blood
samples and from zebra fish models. They conclude that NOX4 is a susceptibility
gene in PAM and contributes to disease through production of high levels of
superoxide, specifically in osteoclast.

Comments:
1. PAM is a disabling subtype of psoriatic arthritis and genetic risk factors have not
yet been identified. Therefore, the current study is timely and potentially impactful.

2. The authors have available a cohort of n=61 PAM patients that have been
clinically well phenotyped. This is a valuable resource.

Response: We thank the reviewer for the positive observations and feedback and
considered the important comments, your insights and suggestions have been
invaluable in enhancing the quality and clarity of our work.



3. While it is straightforward to speculate that a polymorphism in a NOX gene is
involved in ROS production, the mechanistic data presented in the current
manuscript remain unconvincing.

Response: In response to the concern raised about the mechanistic data, we have
expanded our analysis and included additional experiments to provide a more robust
mechanistic insight into the involvement of NOX4 variants. Please see in the point-
by-point answers below.

4. As a general rule, the study cohorts for the mechanistic experiments are very
small, often consisting of only one patient.

Response: We understand the concern of the reviewer and it is a major limitation in
our study as mentioned in page 16, lines 367-369. ...’A_limitation of the present
study is the lack of access to fresh blood samples from the majority of PAM patients,
needed for measurement of ROS by EPR and for osteoclast differentiation from
CD14+ monocytes. Our study would have benefited from exploring ROS levels in
more patients.’

We answered a similar question from reviewer 1. Our answer is that “..it is extremely
difficult to recruit more patients due to the rarity of PAM, the geographical dispersion
of the patients’ living in different cities and countries, as well as the mobility issues
associated with the disease. In addition, the ROS measurement by EPR and
osteoclast differentiation require fresh blood samples and a minimum amount of the
already limited CD14-positive cells, making it quite challenging”

However, we have added one more patient carrier of the NOX4 rare variant
(NOX4">'?%) one more PsA patient (without the NOX4 rare variants) and one more
control to our analyses in osteoclast differentiation experiments. See New Figure 6
and Figure 5 and Figure EV2.

5. Nox4 is unusual as it releases hydrogen peroxide (H202) in contrast to Nox1-
Nox3 and Nox5, which release superoxide (Nisimoto et al, Biochemistry 2014).
Curiously, the authors present several data sets showing that NOX4 generates
superoxide and the title of the manuscript implicates NOX4 in inducing high
superoxide levels. This is a critical claim of the manuscript and requires clarification.
Response: Thank you for bringing this up, it is indeed an important point. In the
cited paper (Nisimoto, 2014) (Nisimoto et al, 2014), approximately 90% of the
electron flux through Nox4 produces H,O;, and 10% forms superoxide. We apologize
that we did not make this clearer in first instance.

Regarding the measurements with EPR, EPR probes can rapidly react with all types
of oxygen-centered free radicals including superoxide, although superoxide
measurement is the main application of EPR probe. The reviewer is right that it may
be better to use “ROS levels” instead of superoxide when discussing the results by
EPR. We understand the confusion, and to be more correct we have changed
through the text, including the title of our study to: “Rare coding variants in NOX4 link
high ROS levels to psoriatic arthritis mutilans” (marked in red).

In 2022 a guideline to assess ROS in cells and in vivo was published in Nature
Metabolism (Murphy et al, 2022). We followed the guidelines on how to best assess
specific ROS and acquired a commercially available live cell dye probe that detects
H,O,. The figure below (Figure R3) shows the specificity of the probe in detecting
H,O, compared to other reactive species. The probe has been used recently in
(Eisenbeis et al, 2023).




https://www.merckmillipore.com/SE/en/product/BioTracker-Green-H202-Live-Cell-
Dye, MM NF-SCT039?ReferrerURL=https%3A%2F%2Fwww.google.com%2F
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Figure R3: Reaction of BioTrackerTM Green H202 dye with various reactive oxygen
species.Source: Sigma (probe catalog number SCT039).

In the new version of our manuscript we have added new experiments in which we
used the probe mentioned above: BioTracker Green H,0O, Live Cell Dye (SCT039,
sigma) (Abo et al, 2011), specifically detecting H,O,, We used the probe in both
stable transfected HEK293 cell lines (New Fig 3C-D) and in patient derived
osteoclasts (New Fig 6B-C). Our revised experiments and the utilization of a highly
specific H,O, probe confirmed the increase of H,O, in our samples, aligning with the
existing understanding of NOX4's dual ROS production capabilities. We hope this
clarification and the added experiments addressed your concerns adequately.

6. Not only does Nox4 emit a different pattern of ROS, but there are fundamental
differences between NOX4 and the other members of the NOX family. Specifically,
its subcellular localizations, tissue distribution and influence over signaling pathways
is different from the other Nox enzymes. Nox4 is recognized for its role in oxygen
sensing, vasomotor control, cellular proliferation, differentiation, migration, apoptosis,
senescence, fibrosis, and angiogenesis.

The current manuscript is focused exclusively on the expression of NOX4 in
osteoclastic cells, a subtype of myeloid cells. This appears to be a missed
opportunity and it is not clear how the authors arrived at this focus. Here, an
unbiased approach would make more sense.

Response: NOX4 is a remarkable molecule with multiple roles, and despite
extensive studies there are still many aspects that need further studies, specifically
its role in disease. We understand that from the reviewer’'s perspective, we are
missing an opportunity to study other aspects of NOX4 but our focus is the study of
PAM. This is the first paper linking PAM to a candidate gene, and we think that our
study is opening the door to further studies on NOX4 biology as well as deeper
clinical aspects of PAM.

Our genetic approach was unbiased, we did not have any candidate gene a priori to
test, and we described the approach answering a question from reviewer 1, see
below:


https://www.merckmillipore.com/SE/en/product/BioTracker-Green-H2O2-Live-Cell-Dye,MM_NF-SCT039?ReferrerURL=https%3A%2F%2Fwww.google.com%2F
https://www.merckmillipore.com/SE/en/product/BioTracker-Green-H2O2-Live-Cell-Dye,MM_NF-SCT039?ReferrerURL=https%3A%2F%2Fwww.google.com%2F

Regarding the rare variants the filtering is described in the flowchart of Figure 1, but
it may be worth clarifying that the criteria that we had in our first screening were to
find i) very rare variants in the same gene in at least two patients (MAF<0.0001), ii)
rare variants in different genes from the same pathway, or iii) rare homozygous or
compound heterozygous loss-of-function variants in coding regions or variants that
would affect gene-splicing. We explored the list of genes obtained in the first
screening by thorough literature search, gene ontology (GO) and HPO annotations.

Osteoclasts are the most important cells in PAM, they resorb the bone and play a
crucial role in bone homeostasis. The PAM patients suffer from osteolysis and bone
resorption in fingers and toes. NOX4 has shown to be particularly important in bone
resorption, the main characteristic of PAM, therefore we look specifically to
osteoclasts in patients (we mention the importance of osteoclasts in results section,
page 10, lines 233 and page 15, lines 347-354). ...NOX4 is _induced during
osteoclast differentiation, the cells responsible for bone resorption.” and ... In
addition, NOX4 is important for osteoclast differentiation. Osteoclasts are
multinucleated cells derived from the monocyte macrophage lineage, important for
bone remodeling. They resorb the bone and its hyperactivated function is implicated
in_diseases such as osteoporosis, periprosthetic osteolysis, Paget’s bone disease,
and rheumatoid arthritis (Bi et al, 2017). Here, we evaluated osteoclast differentiation
and generation of ROS in one PAM patient (PAM12) and one PsA patient carrying a
NOX4 rare variant (PsA961 carrier of NOX4Y512C) and found that the patients
showed a similar pattern compared to a PsA individual without NOX4 rare variants
and two healthy controls.’

Figure for reviewers removed, showing NOX4 upregulation and NOX2/NOX1
downregulation in mature osteoclasts.
Taken from https://www.sciencedirect.com/science/article/pii/S0891584918315028



7. The Human Protein Atlas provides data about the expression of NOX4 in different
cell types. By far the highest expression of NOX4 occurs in proximal tubular cells in
the kidney. To a much lower degree is NOX4 found in fibroblasts and smooth muscle
cells in different organs. It is explicitly noted that immune cells, including the myeloid
cell types, are low for NOX4 expression. Here, it may be important to consider how
NOX4+ proximal tubular cells in the kidney could have a potential role in PAM.
Response: NOX4 expression was originally described in the kidneys due to its
abundance in tubular cells (Shiose et al, 2001). Subsequent research has revealed
that NOX4 is constitutively active and has roles in multiple tissues. While in some
patients with psoriasis and psoriatic arthritis the renal function is impaired (Khan et
al, 2017), in PAM patients no kidney malfunction is observed.

As described in the previous response, the osteoclasts are the most important cells
to study the PAM patients’ phenotype, that is characterized by osteolysis and bone
resorption in fingers and toes. Unfortunately, bone cells are not depicted in the
human protein atlas.

We recognize the importance of considering the broader implications of NOX4
biology, and future studies exploring its potential involvement in kidney cells could
contribute valuable insights beyond the scope of our current investigation.

8. NOX4 is overexpressed in some tumors and has been implicated in regulating
oncogenic metabolic adaptations. This is another important aspect of NOX4 biology
that has not been considered in the current manuscript.

Response: As PAM is a rare disease there is difficult to know if the PAM patients
have increased risk of cancer. We focus our study in the bone aspects of PAM. As
our primary objective is to investigate the genetic basis of PAM and its impact on
osteoclasts, our study does not extend to exploring the potential association between
NOX4 and tumorigenesis in PAM patients.

9. Figure 3: The authors are showing highly elevated NOX4 RNA expression in
HEK293 cell lines transfected with a vector carrying wt or variant NOX4. Did they
control for how many copies of the vector each of the cell lines contains?

Response: Thank you for your insightful question regarding the control for vector
copy number in our study. During the generation of our stable cell lines, single
clones were plated in 96-well plates. We minimized the potential transfer of multiple
clones and, subsequently, reduced variability within the transfected cell lines. To
guantify the vector copy number in our cell lines, we used quantitative PCR (qPCR).
Firstly, we designed primers targeting the Flori region, specifically binding to the
pcDNA3.1-hNox4 plasmid (#69352, addgene) (Table R3). Later, we compared the Ct
values after extracting genomic DNA from the stable HEK293 transfected cell lines.
No differences were observed between the vector copy numbers among the NOX4
rare variants when compared to NOX4" (Figure R5). The relative copy numbers were
not significantly different between all cell line, suggesting a comparable level of
vector integration.

Table R3: The primers used in quantitative PCR

: , , Binding Sites Length
Primer Name Sequence (5'to 3") (bp) (bases)
Flori-F GTGGACTCTTGTTCCAAACTGG | 3275 - 3296 22
Flori-R AGGGAAGAAAGCGAAAGGAG 3065 - 3084 20
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Figure R5: Relative vector copy numbers in HEK 293. The figure illustrates the relative
vector copy numbers of Flori, analyzed through quantitative PCR (qgPCR) in HEK293
stable transfected cells expressing pcDNA3.1 (empty vector), NOX4"™ (wild-type),
NOX4Y5126%20 " NOX4"*2C and NOX4Y***". GAPDH expression was used as the loading
control. The data represent the mean values from three independent experiments, and
statistical analysis was conducted using one-way ANOVA.

10. Figure 3: The expression of NOX4 RNA appears to be massively higher if
HEK293 cells are transfected with vectors containing NOX4(Y5121fsX20),
NOX4(Y512C), and NOX4(V369F). If correct, this is an interesting observation. Do
the authors know what the underlying mechanism is?

The authors state that the polymorphisms affect the NADPH binding domain of the
enzyme (Line 309). Why would that lead to a change in RNA abundance? This is
difficult to understand.

Response: Thank you for the comment. This is an observation; our experiments
were repeated several times with similar results. One explanation could be that the
rare variants could affect the protein folding, prompting compensatory elevation in
gene expression. We explored this hypothesis by in silico analysis using the DUET
tool (a server for predicting effects of mutations on protein stability using an
integrated computational approach) (Pires et al, 2014), which predicts protein
stability. The data suggests that the variants affecting the NADPH binding and FAD
binding domains could indeed affect protein stability, see Figure R6.

We plan to explore further the underlying mechanisms in future investigations.
However, our current focus is on the understanding the effects of the variants
regarding PAM disease.
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Figure R6: Result of DUET prediction for NOX4(Y512C) and NOX4(V369F).

11. Figure 3B. The authors show higher superoxide expression in the cell lines
transfected with NOX4 variants. NOX4 releases hydrogen peroxide (H202) in
contrast to Nox1-Nox3 and Nox5, which release superoxide (Nisimoto et al,
Biochemistry). Here, it would be critical to show production of hydrogen peroxide.
Response: Thanks for your valuable suggestions. We acknowledge the importance
of demonstrating hydrogen peroxide (H»O,) production in our study. Approximately
90% of the electron flux through Nox4 results in the generation of hydrogen
peroxide(H,0O,), with the remaining 10% resulting in the formation of superoxide
(Nisimoto et al.,, 2014). To specifically detect H,O,, we performed additional
experiments using a fluorescent probe, which reacts with H,O, but does not react
with other ROS species such as hydroxyradical (-OH), superoxide (02-),
hypochlorous acid (HOCI), singlet oxygen (*O,), and nitric oxide (NO) as illustrated in
the reply to a previous question (Figure R3). Our results demonstrated a significant
increase in fluorescence intensity in cells expressing NOX4"%*25%20 NOX4Y51%¢ | and
NOX4"*%%F compared with pcDNA3.1 (empty vector) and NOX4"™ (wild-type) (new



Figure 3C) and (text in page 9, Lines 197-200). ... 'Furthermore, we assessed overall
ROS in HEK293 cells through DCFH-DA stainings (Figure EV1) and employed a
specific probe to evaluate H,O- levels (Figure 3C). We observed higher ROS and
H,O, levels in all cells expressing the rare variants compared to those
overexpressing NOX4",’

This observed trend in fluorescence intensity aligns with the results obtained for
ROS production.

12. Line 426-428: "The results suggest that the variant NOX4 (Y512C) affecting the
NADPH binding domain is responsible for the elevated superoxide production.”

Are the authors proposing that the rare variants of NOX4 change emission of the
ROS pattern? To support that claim, they would need to show precise
measurements of H202 and of superoxide (ideally in a membrane-free system).
Response: Thank you for your insightful comment. The statement in lines 426-428
proposes the expression of superoxide in PsA961 (a carrier of NOX4">*?) is higher
compared with healthy control, psoriasis, and psoriasis arthritis without NOX4
variants by the electron paramagnetic resonance (EPR), which is a highly sensitive
and unique method that allows the direct detection of ROS (Figure 3B). The results
support the hypothesis that NOX4">*? alters the emission pattern of superoxide by
affecting the NADPH binding domain. Using a new probe described in the previous
guestion we also detect that the levels of H,O, are significant higher (Figure 3C).

In addition, in a new experiment and to further elucidate the implications of
NOX4Y°*2¢ we differentiated osteoclasts from PsA961-derived peripheral blood
mononuclear cells. Notably, induced osteoclasts exhibited higher levels of H,0,
compared to uninduced osteoclasts. This observation aligns with our principal
hypothesis, suggesting that the NOX4">'?“ variant contributes to an altered ROS
pattern, affecting both superoxide and hydrogen peroxide production.

The higher levels of H,O, are seen in all the systems (stable cells, Figure 3; and in
zebrafish Figure 6) and is examined not only in the NOX4"*%® rare variant but also
by the other rare variants found NOX4Y5*25X20 ‘and NOX4V35F,

13. Line 429-430: "It should be noted here that we did not find any NOX4 mutations
in PAM12 and PAM37, nor mutations in any other genes related to NOX4."
Nevertheless, the authors chose PAM12 and PAM37 to examine peripheral blood
ROS measurements. PAM12 appears to produce high levels and PAM37 appears to
produce levels indistinguishable from controls.

- The authors should clarify what "peripheral blood" is. Is this serum? Plasma? Does
it contain cells?

Response: We appreciate your attention to the details of our study. Peripheral blood
refers to whole blood collected from individuals. This includes all blood components,
such as red blood cells, white blood cells, platelets, and plasma.

- It is unclear why they examined patients that do not carry the variant.

Response: Thank you for the question. We understand that it is a concern that the
examined patients do not carry the rare variants.

Reviewer 1 pointed that out a similar question, see our reply below:



We understand the concern of the reviewer and we have added one more patient in
this analysis, patient PsA961 who is a PsA patient and carries the rare NOX4 variant
(p.Y512C). Interestingly, the osteoclasts from the patient show a similar pattern than
PAM12, i.e., enhanced osteoclast differentiation and increased ROS activity.

We have added the data into a new Figure 6 and Figure EV2.

It is difficult to recruit more patients, PAM is a rare disease and the patients included
in our Nordic cohort live in different cities, in different countries are often elderly and
have difficult to travel due to their condition. In addition, to differentiate osteoclasts is
not an easy procedure, fresh blood samples are required, the number of cells after
CD14+ selection is limited, and the cells cannot be propagated.

In addition, PAM12 lives within our city and has made multiple visits to our clinic. We
conducted a thorough examination of his genome, yet no rare variants that would
account for the phenotype were identified. It is conceivable that potential rare
variants within NOX4 or other genes affecting the same pathway might exist in inter-
or intragenic regions and have eluded our analysis. Additionally, epigenetic
mechanisms influencing gene expression cannot be ruled out.

PAM12, being a focal point in this underwent comprehensive examination. In the
new version of the manuscript, we have added one additional patient and the results
are remarkably similar to the results obtained from the PAM12 regarding osteoclast
differentiation (Figure 5B) and the generation of ROS (Figure 5D).

- To examine a single patient is insufficient to draw any conclusions. Here, they need
to examine patient cohorts of sufficient size and include patients with other
inflammatory diseases as controls. High ROS production has been implicated in a
variety of inflammatory diseases. To support their claim, the authors need to link the
high ROS production to NOX4.

Response: Thank you for the comment. We acknowledge the comments from
reviewer 3 prompting us to use more specific probes. The study has been improved
and in the new version we added one probe to detect H,O, We also added one
patient in our study and performed the experiments related to the osteoclast
differentiation.

14. In some experiments, the authors have used DCFH-DA for "ROS quantification".
Quantifying specific subtypes of ROS is challenging, particularly for H202 (see
recently developed Guidelines; Murphy et al, Nature Metabolism, 2022). DCFH does
not directly react with H202 to form the fluorescent product, DCF. Therefore, DCF
fluorescence cannot be used as a direct measure of H202. Experiments utilizing
DCFH-DA should be interpreted with caution.

Response: Thank you for the valuable comment.

We agree that DCFH-DA is commonly used as a general indicator of cellular
oxidative stress, reacting with a variety of ROS, including superoxide anions,
hydroxyl radicals, and peroxynitrite, among others.

We appreciate your emphasis on the challenges associated with quantifying specific
ROS subtypes, especially H,O,, as highlighted in the recent guidelines by Murphy et
al. (Nature Metabolism, 2022). While DCFH-DA may not directly react with H202 to
form the fluorescent product DCF, it remains a useful fluorescent probe capable of
detecting intracellular H,O,. Its broad reactivity profile allows for a comprehensive
assessment of overall oxidative stress dynamics. We concur that experiments
utilizing DCFH-DA should be interpreted with caution.



In our experimental design, we have implemented additional assays to enhance the
reliability of our oxidative stress measurements.
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1st Revision - Editorial Decision 11th Jan 2024

11th Jan 2024
Dear Dr. Tapia-Paez,

Thank you for submitting your revised manuscript, and please accept my apologies for the delay in getting back to you in this
busy time of the year. We have now received the reports from referees #1 and #2 who re-reviewed your manuscript. Referee #1
also evaluated your responses to referee #3's concerns. As you will see below, they are supportive of publication pending minor
revisions, and | will therefore be able to accept your manuscript once the following points will be addressed:

1/ Referees' comments:
Please address the remaining concerns mentioned by referee #1.

2/ Manuscript text:

- Please remove the red text, and only keep in track changes mode any new modification.

- Materials and Methods:

o Cells: please provide culture conditions and indicate whether the cells were authenticated and tested for mycoplasma
contamination.

o Statistics: please include a statement on blinding, randomization, and inclusion/exclusion criteria.

o Please correct the checklist accordingly.

- Data availability: Please remove "All data supporting the conclusions in the article are presented in the main text or
supplementary data files. Additional data are available from the corresponding author upon request."

Primary datasets produced in this study need to be deposited in an appropriate public database, and the accession numbers
and database listed under 'Data Availability'. In case you have no data that requires deposition in a public database, please state
so in this section ('This study includes no data deposited in external repositories.’). Note that the Data Availability Section is
restricted to new primary data that are part of this study.

- Please rename "Conflict of interest" to "Disclosure statement and competing interests".

- Data citation:

1. Please note that the data citation does not refer to deposited experimental data, but refers to journal article.

2. Please note that the URLs for Data ref: (Ameur et al, 2017) and Data ref: (Maretty et al, 2017) data citations are not provided.

3/ Figures and Appendix:

- Please carefully check the composition of your Figure 6 panel B: we noted a re-use of image between Day 7 Psa961 / M+R
and day 9 C17 M, which doesn't match the source data provided. Please correct.

- Appendix: tables should be renamed "Appendix Table S1" etc. The second appendix file with structural variants should either
be added to the main appendix file as "Appendix Table S8" or uploaded as an excel file labeled "Dataset EV1", with a short
legend added

- Figure legends:

1. Please note that the data information for figure panels 3a-c is incorrectly mentioned as 3c in the legend of figure 3. This needs
to be rectified.

2. Please note that the gels and blot image of figure 5d is not described in the corresponding legend. This needs to be rectified.
3. Please note that the box plots need to be defined in terms of minima, maxima, centre, bounds of box and whiskers, and
percentile in the legends of figures 4a-c.

4. Please note that n=2 in figures 4a-c.

5. Please note that the scale bar needs to be defined for figure EV 2a.

4/ Checklist:
Please complete the following sections: Cell authentication/contamination - Experimental study design and statistics - Data
Availability

5/ Synopsis:
Please upload your synopsis text as a word document.

6/ As part of the EMBO Publications transparent editorial process initiative (see our Editorial at
http://embomolmed.embopress.org/content/2/9/329), EMBO Molecular Medicine will publish online a Review Process File (RPF)
to accompany accepted manuscripts.

This file will be published in conjunction with your paper and will include the anonymous referee reports, your point-by-point
response and all pertinent correspondence relating to the manuscript. Let us know whether you agree with the publication of the
RPF and as here, if you want to remove or not any figures from it prior to publication.

Please note that the Authors checklist will be published at the end of the RPF.

I look forward to receiving your revised manuscript at your earliest convenience



Yours sincerely,

Lise Roth
Lise Roth, PhD

Senior Editor
EMBO Molecular Medicine

***** Reviewer's comments *****

Referee #1 (Remarks for Author):

The authors almost successfully addressed to the queries raised by this reviewer and also by Reviewer #3.

In Figure 3, protein levels of NOX4 by Western blot (or other method) would be necessary to at least partially address the

question raised from these reviewers, in order to connect mRNA levels and ROS production comparing those variants. In
Figure 6A, does "PsA new" correspond to PsA777?

Referee #2 (Remarks for Author):

The authors have addressed my comments.



2nd Authors' Response to Reviewers 19th Jan 2024

*Fxr% Reviewer's comments *xFx*

Referee #1 (Remarks for Author):

The authors almost successfully addressed to the queries raised by this reviewer and also by
Reviewer #3.

We appreciate the Review's acknowledgment of our efforts to improve the manuscript and
we are pleased to address the remaining concerns to further enhance the quality of the
manuscript.

In Figure 3, protein levels of NOX4 by Western blot (or other method) would be necessary to
at least partially address the question raised from these reviewers, in order to connect mMRNA
levels and ROS production comparing those variants.

We answered a similar question in the previous round to reviewer 2. See below:
Q Expression of RNA was evaluated in HEK293 cell lines. However, the authors do not
show protein expression. “.Thank you for pointing this aspect out. We started our attempt

to understand the consequences of the rare variants found in NOX4 patients by using
HEK?293 cells (Figure 3). These cells are easy to propagate, to transfect, and importantly the
system has been used before in Nox4 studies (Takac et al, 2011). Our primary focus was on
understanding gene expression and the results obtained through RT-PCR consistently
supported our findings.

We performed Western blots several times with extracts from the transiently transfected cells,
the results showed the same trend as the results seen by RT-PCR and EPR but were not
consistent enough to conclude that there was a significant change at the protein level in
those cells. Western blot is a semi-quantitative method, influenced by various technical and
biological factors. Therefore, we decided not to show the HEK293 western blots in our
manuscript. However, to strengthen our observations, we have added a new figure (Figure
6D) demonstrating significantly elevated NOX4 protein levels in osteoclasts from a patient
carrying one of the rare variants (NOX4"'*) compared to a healthy control, providing
additional insights into protein expression levels.”

We add two figures below to show the NOX4 protein levels in HEK293 cells. Through
Western blot analysis, we observed elevated NOX4 expression in transfected HEK293 cells
expressing NOX4"%121%20 '\ NOX4Y512C  and NOX4"%%F in comparison to NOX4™ (wild-type).
These findings contribute valuable insights, establishing a link between mRNA levels and
ROS production across the different variants. We believe these additions significantly



enhance the comprehensiveness of our study. Thank you for the suggestion, and we hope
this strengthens the overall scientific rigor of the manuscript.
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Figure R7. NOX4 protein expression in HEK293 cells.

A. Western blot analysis of NOX4 in HEK293 stable cells expressing various constructs:
NOX4"™ (wild-type), NOX4"12%20  NOX4"5'?C and NOX4"***". GAPDH was used as a

loading control. Quatification to the left. B. Replication of NOX4 protein expression analysis
in HEK293 cells.

In Figure 6A, does "PsA new" correspond to PSA77?

We thank referee’s careful observation, the label "PsA new" has been corrected into PSA77
in Figure 6A.

Referee #2 (Remarks for Author):
The authors have addressed my comments.

We are happy to see Referee’s satisfaction with our addressing and the revised manuscript.

Takac I, Schroder K, Zhang L, Lardy B, Anilkumar N, Lambeth JD, Shah AM, Morel F,

Brandes RP (2011) The E-loop is involved in hydrogen peroxide formation by the NADPH
oxidase Nox4. J Biol Chem 286: 13304-13313
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26th Jan 2024
Dear Dr. Tapia-Paez,

| am pleased to inform you that your manuscript is accepted for publication and is now being sent to our publisher to be included
in the next available issue of EMBO Molecular Medicine!

Your manuscript will 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/17574684/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 EMBO
Molecular Medicine.

With kind regards,
Lise Roth
Lise Roth, Ph.D

Senior Editor
EMBO Molecular Medicine

>>> Please note that it is EMBO Molecular Medicine 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
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Please note that a copy of this checklist will be published alongside your article.

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.

1

2. Captions

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

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.).

!

= definitions of statistical methods and measures:

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

- 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:

number and or/clone number
- Non-commercial: RRID or citation

- Commercial antibodies: RRID (if possible) or supplier name, catalogue

Catalog Number and supplier name is provided in the Materials and
Methods Section

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

Appendix Table S1-S6

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 number

and tested for mycoplasma contamination.

in repository OR supplier name, catalog number, clone number, and/OR Yes Materials and Methods
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) Yes Materials and Methods.

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 & 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 & 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,

collected wild specimens).

unique accession number if available, and source (including location for

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)

and gender or ethnicity for all study participants.

If collected and within the bounds of privacy constraints report on age, sex

Yes

Materials & Methods

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)

the acknowledaments section?

If your work benefited from core facilities, was their service mentioned in

Yes

Acknowledgement section

Design
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Study protocol

Information included in
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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
DOI.

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

Yes Materials and Methods and Appendix Table S7
methods were used.
Were any steps taken to minimize the effects of subjective bias when
allocating animals/samples to treatment (e.g. randomization procedure)? Yes Materials and Methods
If yes, have they been described?
Include a statement about blinding even if no blinding was done. Yes MRS M, REe Leggr\dslln IRESEE At AT R TRAP
quantification
Describe inclusion/exclusion criteria if samples or animals were excluded
from the analysis. Were the criteria pre-established?
Yes Materials and Methods
If sample or data points were omitted from analysis, report if this was due
to attrition or intentional exclusion and provide justification.
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 Yes Figure Legends and Material and Methods

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

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
renli

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

Yes

Materials and Methods

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.

Materials and Methods

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

Materials and Methods

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.

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:/h nts.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 quidelines.

For phase Il and Il 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?

Yes

Materials and Methods

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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