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Reviews from Review Commons

Review #1

1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

Authors used organoid technology to study the effects of the serum from lupus
patients on intestinal epithelium. By culturing organoids derived from human colon
crypts, they specifically determined the response of epithelial cells to inflammatory
mediators present in lupus serum. Using bulk and scRNA-seq, authors found that
secretory cells function and differentiation were impaired as well as the mitochondrial
metabolism. These effects were shown to be mediated by type 1 interferon in
combination with other pro-inflammatory cytokines present in lupus serum.

The reduction of mucus secretion after SLE-serum treatment and the downregulation
of tight junctions' genes seem to indicate an increased permeability of the epithelial
barrier, thus it would be interesting to determine the expression and distribution of
tight junction proteins and to test in the organoids whether the paracellular
permeability is increased upon SLE-serum treatment. These analyses will give a
functional result of this in vitro model.

If the organoids take a few days to culture and the material is available, the
measurement of paracellular permeability may take no more than 2 weeks. It is true
that they will need a microneedle to inject the FITC-Dextran 4K into the organoids
and record the images for 24h.

I would like to know which of the donor's cells were used from figure 2 on and why.

The bioinformatics analyses using gene expression data and scRNASeq were well
done. No comments.

2. Significance:
Significance (Required)

For the field of autoimmunity, to study the crosstalk between the systemic response
and the gut epithelium response results quite important as the increased permeability
of the gut epithelial barrier has been suggested to fuel the systemic inflammation in
lupus. However, as the author mention, there is not enough information about the
interaction of epithelial cells and the systemic inflammatory mediators in lupus. This



system can be useful to determine a personalized treatment for patients by testing the
effect of individual serum on organoids. Moreover, the use of organoids can be
extended to study the gut epithelium response in other autoimmune diseases mediated
by type 1 interferon.

Increased permeability of the gut epithelial barrier has been related with lupus
development. In humans, it is not known whether it is a cause or consequence, but in
lupus mouse models it has been demonstrated that there is a reduction of the systemic
autoimmune response concomitant with a reduction of gut permeability. The authors
have validated an in vitro model that can be used to study how gut epithelium is
affected by systemic inflammatory mediators and that will help to develop novel
therapeutic approaches or personalize treatments.

Interest stakeholders: Clinical and basic researchers in autoimmunity,
gastroenterology, and rheumatology.

My field of expertise is systemic and organ-specific autoimmunity at cellular and
molecular level. My work covers autoimmunity and gut microbiota. I study how B
cells regulate the microbiota composition and how that microbiota impacts gut
permeability and inflammation in mouse lupus models.

On the other hand, the bioinformatics analyses are well-done for both bulk RNASeq
and scRNASeq.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Less than 1 month

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.




Web of Science Reviewer Recognition

Yes

Review #2

1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

The group of Dr. Resnik-Docampo provides a very elegant study on two patient lines
for SLE. The study is definitely very interesting and opens many scientific avenues
that are worthy of being explored further.

**Major comments:**

- Barrier integrity or its alterations can be tested in organoids with specific dyes, I feel
this would give definitive proof of concept.

- In supplementary figure 1 a caspase 3 staining is presented, please show a positive
control for caspase 3 staining on organoids or alternstively use a different method to
prove no differential cell death.

- Serum from SLE patients reduces drastically Edu positivity, it would be interesting
to see a clonogenicity assay to see whether this reflects on reduced stem cell
clonogenic potential

- Goblet cells in the colon are very heterogeneous, which subpopulations of goblet cell
are reduced? how does this affect mucus composition?

**Minor comments:**

- Please provide an hypothesis on how mitochondrial alterations are linked to altered
lineage progeny of stem cells. This should be discussed more in depth.

- Many antimicrobial peptides are changed, this could reflect on microbiome

composition as well as mucus composition and properties, which I am sure will be the
topic of future studies. This should be discussed more in depth.

2. Significance:

Significance (Required)



The study is useful for both broad and specialised audiences. The findings are
interesting and of relevance to the field of SLE, gut epithelial biology. The strength of
the manuscript is that it opens many scientific avenues, its weakness is that they are
not mechanistically dissected to the fullest rendering the study a bit descriptive.
Nonetheless, I consider positively the manuscript after a minor revision given the
major message of the paper can be proven.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Between 1 and 3 months

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that
the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

Yes

Review #3

1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)
Inga Viktoria Hensel et al. used colon organoid to study the impact of lupus patients'

serum on gut epithelial barrier. The exposure of SLE serum on colon organoids
increased gene expression related to cell cycle, chromosome organization,



mitochondrial function as well as interferon signaling, but downregulated that related
to secretion, cytoskeleton, and anchoring junctions of the cells. Higher type I IFN in
the SLE serum and unregulated interferon signature genes post stimulation suggest a
potential role of type I interferon in this process. The addition of a type 1 interferon
receptor (IFNAR1) antagonist, Anifrolumab, blocked the stimulation function of SLE
serum but the combination of IFN-2a and control serum failed to recapitulate the
results from SLE serum, suggesting that more than one cytokine was involved. SLE
serum exposure altered metabolic profiles of organoids with a significant increase of
basal respiration and ATP production. Stimulating organoid with SLE serum
confirmed an alteration in cell differentiation with a loss of secretory lineage. scRNA-
seq analysis revealed that colon organoid had all major cell types from colon in vivo.
SLE serum stimulation shifted cell differentiation with decreased number of goblet
cells and downregulated mucin, AMP and other components that were required for
gut barrier integrity.

Finally, the authors performed a gene expression analysis of colon biopsies derived
from SLE patients and healthy controls. While the authors should be commended to
attempt a validation of the results obtained with organoids, the small sample size and
patient heterogeneity prevented a statistical analysis. Some genes involved in
absorption and ion transport as well as secretory lineage showed a similar trend with
organoid assay, suggesting that colon organoids may be a good tool for future studies.
However, it is noticeable that the biopsies from SLE patients did not show the IFN
signature and the decreased in Muc2 expression, which dominated the gene signature
of organoids exposed to SLE serum. There is no information about the disease activity
of the SLE patients, as well as their IFN activity, which makes difficult to interpret
these results.

**Specific concerns:**

1. Line 107, Why did The authors use 72 hours post treatment. Are other timepoints
available and have similar results?

2. Figure 1D, how do the authors explain the heterogeneity among SLE samples (2, 3,
4, 5) on organoid line I1? These samples do not seem to correlate with cytokine levels
shown in Fig. 2. This issue may be worth exploring further, such as correlation
between cytokine levels and gene expression.

3. Line 144, the 2 outlier SLE serum samples are not same between organoid lines
with NO. 1&S5 in Organoid line II and with NO. 1&4 in Organoid line 1. The
statement is misleading.

4. Line 169, IFN-a2 and IL-6 are not significantly different.

5. Line 179-180, Reduced fitness of organoids exposed to SLE serum is an



overstatement. It was not directly tested, and there is no difference in apoptosis.

6. Line 242-243: SLE serum stimulation induced MUC?2 high expression in Organoid
IT but lower level in organoid I (Figure 4B & Figure S4C). This is a major discrepancy
that needs to be addressed.

7. Line 251-252: How do authors make sure that "we were facing an effect on the
differentiation process rather than cell type loss"?

8. Line 259, How about apoptosis gene levels here?

9. Line 290 : It has been shown that the response of colon explants to IFN-a was
variable among donors
(https://www.sciencedirect.com/science/article/pii/S2352345X16301084#undfigl).
This study should be cited. Was the response to IFNa tested on both organoids?

10. Line 305-307: Is single cell sequencing from single organoid line or from
combined? Do two organoid lines show different distributions?

2. Significance:
Significance (Required)

While there is mounting evidence of an altered intestinal barrier integrity in SLE
patients, there is little insights in the mechanisms. Using colon organoids is a novel
approach with great potentials to investigate this issue. The strongest signature found
by the authors was type IFN, which is indicates that the colon epithelial cells respond
in a similar manner to other cell types. The secretory and absorption genes are of
potential greater interest to unraveling mechanisms to gut alteration in SLE.

This study is of interest for audiences interested in lupus basic and clinic research, as
well as investigators working of gut barrier integrity.

3. How much time do you estimate the authors will need to
complete the suggested revisions:

Estimated time to Complete Revisions (Required)
(Decision Recommendation)

Between 1 and 3 months

4. Review Commons values the work of reviewers and
encourages them to get credit for their work. Select 'Yes'
below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that




the content of your review will not be visible on Web of
Science.

Web of Science Reviewer Recognition

No



Authors' Response to the Referees from Review Commons

Full Revision Re\Aew

COMMONS
Manuscript number: RC- 2023-02065

Corresponding author(s): Martin, Resnik Docampo

1. General Statements [optional]

This section is optional. Insert here any general statements you wish to make about the goal of
the study or about the reviews.

In response to the feedback received from reviewers, we have taken several steps to further
refine and enhance our manuscript. In this revised version we addressed every single point that
the reviewers raised. Minor edits were made regarding more concise wording and/or phrasing of
our statements and corrections of misspelling. As major changes, we added the data from two
more experiments which were suggested by the reviewers:

1. Permeability assay which is shown in Fig. 1H.

2. Further analysis of mucus composition which is shown in F Fig. 4C and Suppl. Fig. 4D.

The new experiments gave us valuable new insights which made it necessary to adjust the title
of our manuscript.

In the revised version, we've integrated suggested experiments, enhancing our manuscript's
depth and quality. The functional validation of intestinal permeability in our model provides
robust evidence of the link between SLE and intestinal barrier integrity. This addition
emphasizes the translational significance of our study, highlighting its relevance for researchers
in both fundamental and clinical lupus research, as well as for specialists in intestinal biology.

For clarity:

In this document, reviewers' comments are highlighted in blue, our responses are in black, and
revisions to the manuscript, including corrections and experiments suggested by the reviewers,
are marked in red.

2. Point-by-point description of the revisions

Reviewer #1 (Evidence, reproducibility and clarity (Required)):

Authors used organoid technology to study the effects of the serum from lupus patients on
intestinal epithelium. By culturing organoids derived from human colon crypts, they specifically
determined the response of epithelial cells to inflammatory mediators present in lupus serum.
Using bulk and scRNA-seq, authors found that secretory cells function and differentiation were
impaired as well as the mitochondrial metabolism. These effects were shown to be mediated by
type 1 interferon in combination with other pro-inflammatory cytokines present in lupus serum.

The reduction of mucus secretion after SLE-serum treatment and the downregulation of tight
junctions' genes seem to indicate an increased permeability of the epithelial barrier, thus it
would be interesting to determine the expression and distribution of tight junction proteins and to
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test in the organoids whether the paracellular permeability is increased upon SLE-serum
treatment. These analyses will give a functional result of this in vitro model.

If the organoids take a few days to culture and the material is available, the measurement of
paracellular permeability may take no more than 2 weeks. It is true that they will need a
microneedle to inject the FITC-Dextran 4K into the organoids and record the images for 24h.

- We thank the reviewer for suggesting this experiment. Reviewer #2 had the same
suggestion. The results obtained elevate our overall results and the quality of our
research.

- Tight junction protein expression is cell-type dependent as shown in literature'? and in our
scRNA-seq analysis (Suppl. Table 7). Additionally, we observed that the expression
changes of ZO-1(TJP1; Fig. 7A) are accumulated in colonocytes. That might be the reason
we could not detect significant changes in organoid sections with staining for tight junction
proteins ZO-1 and Occludin and analyzing all cell types. The data of the permeability assay
however was able to show that the function of the tight junctions is altered. If this change
is caused by changes in protein abundance as suggested by reported transcriptomic
changes remains to be elucidated in future research using single-cell proteomic
approaches.

- For the permeability assay we stimulated organoid monolayers for 72h with SLE or control
serum. The measured translocation of FITC showed an increased barrier leakiness in SLE
compared to control condition. These functional results not only support our findings
presented in our study that the epithelial barrier is altered upon SLE serum stimulation,
but they also provide the definitive proof of concept highlighting the crucial connection
between SLE and intestinal barrier integrity. Furthermore, it shows that changes on
transcriptional level and alterations in cell type composition translate into a barrier
dysfunction which could have potentially detrimental effects in vivo. The data has been
added to Figure 1H, line 722-731; 746-751.

| would like to know which of the donor's cells were used from figure 2 on and why.

- Organoid line | was used for the 24h stimulation and for the 72h stimulation whereas
organoid line Il was used for the 72h stimulation only. Due to limitations in serum
availability we had to limit the experiments that exceeded the initial transcriptomic analysis
to one organoid line. After confirming that the serum was affecting both organoid lines, we
continued using organoid line II.

The bioinformatics analyses using gene expression data and scRNASeq were well done. No
comments.

Reviewer #1 (Significance (Required)):

For the field of autoimmunity, to study the crosstalk between the systemic response and the gut
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epithelium response results quite important as the increased permeability of the gut epithelial
barrier has been suggested to fuel the systemic inflammation in lupus. However, as the author
mention, there is not enough information about the interaction of epithelial cells and the
systemic inflammatory mediators in lupus. This system can be useful to determine a
personalized treatment for patients by testing the effect of individual serum on organoids.
Moreover, the use of organoids can be extended to study the gut epithelium response in other
autoimmune diseases mediated by type 1 interferon.

Increased permeability of the gut epithelial barrier has been related with lupus development. In
humans, it is not known whether it is a cause or consequence, but in lupus mouse models it has
been demonstrated that there is a reduction of the systemic autoimmune response concomitant
with a reduction of gut permeability. The authors have validated an in vitro model that can be
used to study how gut epithelium is affected by systemic inflammatory mediators and that will
help to develop novel therapeutic approaches or personalize treatments.

Thank you for your insightful comments. We are encouraged to see that the reviewer has
accurately grasped the core purpose and implications of our research. The intricate relationship
between gut epithelial barrier permeability and lupus development is indeed vital for expanding
our scientific knowledge and for future therapeutic breakthroughs. We are happy that the overall
message we aimed to convey with our research was well captured and appreciated by the
reviewer. We believe our in vitro model will serve as a foundation for further detailed studies and
for the development of therapeutic strategies in this field. Your acknowledgment of our work
inspires us to persist in our research efforts.

Interest stakeholders: Clinical and basic researchers in autoimmunity, gastroenterology, and
rheumatology.

My field of expertise is systemic and organ-specific autoimmunity at cellular and molecular level.
My work covers autoimmunity and gut microbiota. | study how B cells regulate the microbiota
composition and how that microbiota impacts gut permeability and inflammation in mouse lupus
models.

On the other hand, the bioinformatics analyses are well-done for both bulk RNASeq and
scRNASeq.

Reviewer #2 (Evidence, reproducibility and clarity (Required)):

The group of Dr. Resnik-Docampo provides a very elegant study on two patient lines for SLE.
The study is definitely very interesting and opens many scientific avenues that are worthy of
being explored further.

Major comments:

-Barrier integrity or its alterations can be tested in organoids with specific dyes, | feel this would
give definitive proof of concept.
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We thank the reviewer for the suggestion. Reviewer #1 had the same suggestion. The
results obtained elevate our overall results and the quality of our research.

For the permeability assay we stimulated organoid monolayers for 72h with SLE or control
serum. The measured translocation of FITC showed an increased barrier leakiness in SLE
compared to control condition. These functional results not only support our findings
presented in our study that the epithelial barrier is altered upon SLE serum stimulation,
but they also provide the definitive proof of concept highlighting the crucial connection
between SLE and intestinal barrier integrity. Furthermore, it shows that changes on
transcriptional level and alterations in cell type composition translate into a barrier
dysfunction which could have potentially detrimental effects in vivo. The data has been
added to Figure 1H, line 722-731; 746-751.

-In supplementary figure 1 a caspase 3 staining is presented, please show a positive control for

caspase 3 staining on organoids or alternstively use a different method to prove no differential

cell death.

Due to the processing of the organoids it is difficult to have a positive control. However,
we can confirm that the used cleaved Caspase 3 antibody is able to detect cell death by
the following staining. There are positive cells in the center of the organoid where dead
cells accumulate. Additionally in Figure 1C we show with a cytotoxicity assay measuring
LDH release that there is no significant difference between both groups. Furthermore,
brightfield imaging showed no obvious differences and the DEGs show also no evidence
of increased cell death.

Blue marks nuclei, grey shows cleaved Blue marks nuclei, grey shows
Caspase 3. Scale bar 50 pym. cleaved Caspase 3. Scale bar 100
pm.

-Serum from SLE patients reduces drastically Edu positivity, it would be interesting to see a

clonogenicity assay to see whether this reflects on reduced stem cell clonogenic potential

We agree. However, this analysis goes beyond the time and material limitations we have
in our project.
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-Goblet cells in the colon are very heterogeneous, which subpopulations of goblet cell are
reduced? how does this affect mucus composition?

- We see that subpopulation GC4 is significantly reduced upon SLE serum stimulation (Fig.
7C and Suppl. Fig. 7C). Overall, we see a trend of a general reduction of all GC
subpopulation and an indication that there might be also a shift in subtype abundance. We
would need to increase the study population to be able to draw any conclusions on how
exactly the GC subpopulations change. So far not much is known about how the different
GC subpopulations affect mucus composition. This field is completely understudied
especially in the human intestine. Future projects should focus on mucus composition and
how it is changed with changes of the subpopulations (even under physiological
conditions).

- We thank the reviewer for the question about the mucus composition. We included the
analysis of FCGBP protein abundance (Fig. 4C and Suppl. Fig. 4D; line 245-247) in our
study. The increased FCGBP protein abundance upon SLE serum stimulation which is in
line with our transcriptomic changes complements our data and supports our hypothesis
that the mucus composition is altered. This new data improves the quality of our research.

Minor comments:
- Please provide an hypothesis on how mitochondrial alterations are linked to altered lineage
progeny of stem cells. This should be discussed more in depth.

- It is known that cells in the crypt compartment that undergo rapid division depend on
glycolysis for ATP production once the cell differentiates it switches to oxidative
phosphorylation.? In vitro it has been shown that differentiation coincides with the switch
to oxidative phosphorylation.* There is a complex interplay between Notch signaling and
FoxO transcription factors which is driving differentiation and cell fate decision.® Especially
the differentiation towards the secretory lineage highly depends on the metabolic switch
from glycolysis to oxidative phosphorylation. Furthermore, even mucus secretion itself is
dependent on oxidative phosphorylation.® This is in line with our differentiation experiment
where less oxidative phosphorylation coincided with the absence of goblet cells. We
hypothesize that the changed cellular composition upon SLE serum stimulation is at least
partly reflected in the altered mitochondrial function. If the decrease in the secretory
lineage alone can explain the seen mitochondrial changes needs to be further elucidated.
While a detailed examination at single-cell level analysis of mitochondrial function might
be able to answer if they drive the altered cell differentiation, such an in-depth analysis is
beyond the scope of this article and would be best addressed in a dedicated study on the
topic. Within the scope of our analysis and considering the still limited knowledge of
mitochondrial function in specific cell types of the human colon we included some more
discussion (line 696-698 and 702-703).

-Many antimicrobial peptides are changed, this could reflect on microbiome composition as well
as mucus composition and properties, which | am sure will be the topic of future studies. This
should be discussed more in depth.
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- We hypothesize that the alterations in antimicrobial peptide expression along with the
seen changes in major mucus components would be translated into changes in mucus
composition. Since the mucus serves as the niche for gut microbiota this could lead to
changes in microbiome composition. It is of high interest to analyze the mucus
composition of the stimulated organoids. Furthermore, assays analyzing the Killing
capacity of the potentially secreted antimicrobial peptides could help us to understand the
relevance of the observed changes. We addressed this in line 714-715 and line 750-752.

Reviewer #2 (Significance (Required)):

The study is useful for both broad and specialized audiences. The findings are interesting and of
relevance to the field of SLE, gut epithelial biology. The strength of the manuscript is that it
opens many scientific avenues, its weakness is that they are not mechanistically dissected to
the fullest rendering the study a bit descriptive. Nonetheless, | consider positively the
manuscript after a minor revision given the major message of the paper can be proven.

Thank you for your constructive feedback. We are genuinely encouraged by your recognition of
the utility and relevance of our study for both broad and specialized audiences in the fields of SLE
and gut epithelial biology. Your acknowledgment resonates with our larger objectives: beyond
merely exploring the specific connection between SLE and intestinal leakiness, our aim has been
to create a methodological approach that illuminates novel avenues to study complex diseases.
Itis deeply heartening to realize that this overarching message and intent were clearly understood
and agreed upon by the reviewer. We recognize and appreciate your insights into the strengths
and areas for improvement of our manuscript, and we are committed to addressing the highlighted
points to further enhance our contribution to the field.

Reviewer #3 (Evidence, reproducibility and clarity (Required)):

Inga Viktoria Hensel et al. used colon organoid to study the impact of lupus patients' serum on
gut epithelial barrier. The exposure of SLE serum on colon organoids increased gene
expression related to cell cycle, chromosome organization, mitochondrial function as well as
interferon signaling, but downregulated that related to secretion, cytoskeleton, and anchoring
junctions of the cells. Higher type | IFN in the SLE serum and unregulated interferon signature
genes post stimulation suggest a potential role of type | interferon in this process. The addition
of a type 1 interferon receptor (IFNAR1) antagonist, Anifrolumab, blocked the stimulation
function of SLE serum but the combination of IFN-2a and control serum failed to recapitulate the
results from SLE serum, suggesting that more than one cytokine was involved. SLE serum
exposure altered metabolic profiles of organoids with a significant increase of basal respiration
and ATP production. Stimulating organoid with SLE serum confirmed an alteration in cell
differentiation with a loss of secretory lineage. scRNA-seq analysis revealed that colon organoid
had all major cell types from colon in vivo. SLE serum stimulation shifted cell differentiation with
decreased number of goblet cells and downregulated mucin, AMP and other components that
were required for gut barrier integrity.
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Finally, the authors performed a gene expression analysis of colon biopsies derived from SLE
patients and healthy controls. While the authors should be commended to attempt a validation
of the results obtained with organoids, the small sample size and patient heterogeneity
prevented a statistical analysis. Some genes involved in absorption and ion transport as well as
secretory lineage showed a similar trend with organoid assay, suggesting that colon organoids
may be a good tool for future studies. However, it is noticeable that the biopsies from SLE
patients did not show the IFN signature and the decreased in Muc2 expression, which
dominated the gene signature of organoids exposed to SLE serum. There is no information
about the disease activity of the SLE patients, as well as their IFN activity, which makes difficult
to interpret these results.

- We thank the reviewer for the questions and suggestions. They helped us to improve our
manuscript and make it more concise for the reader.

Specific concerns:
1. Line 107, Why did The authors use 72 hours post treatment. Are other timepoints available
and have similar results?

- We used two different time points, 24h and 72h. The nature of the organoid culture limits
the total length of the experiment. Organoids can be cultured for a maximum of 5-7 days.
Differentiation from the stem cell to the fully differentiated cell takes 5-7 days. Preliminary
results showed that serum stimulation prior to day 2 led to a decrease in organoid survival,
most likely because serum stimulation in general induces differentiation. We therefore
chose 72h as the stimulation that mimics a chronic exposure as a differentiating cell would
face in vivo. With this time span we were able to see manifestations in cell differentiation
changes but avoided beginning cell death to prolonged culture. However, we also wanted
to understand a more acute exposure to the serum. Therefore, we chose 24h as a second
stimulation duration. With this time point we were able to detect initial changes in cell fate
decision which was important in the interpretation of the accumulated effects seen after
72h.

2. Figure 1D, how do the authors explain the heterogeneity among SLE samples (2, 3, 4, 5) on
organoid line 11? These samples do not seem to correlate with cytokine levels shown in Fig. 2.
This issue may be worth exploring further, such as correlation between cytokine levels and gene
expression.

- The heterogeneity seen among the SLE samples most likely reflects the complex
composition of the serum itself. A similar heterogeneity (PC1 axis) is also seen for the
controls. The epithelial cells eventually will react to all contained factors showing an
integrated response that makes it difficult to correlate to a single cytokine.

3. Line 144, the 2 outlier SLE serum samples are not same between organoid lines with NO.
1&5 in Organoid line Il and with NO. 1&4 in Organoid line I. The statement is misleading.
- We corrected the statement according to the suggestions (Line 146-148).
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4. Line 169, IFN-a2 and IL-6 are not significantly different.
- The statement was rephrased (Line 166-174).

5. Line 179-180, Reduced fitness of organoids exposed to SLE serum is an overstatement. It
was not directly tested, and there is no difference in apoptosis.
- The term ‘reduced fitness’ referred to the results seen in the mitochondrial stress test. We
rephrased the parts to make the statement more concise (Line 182).

6. Line 242-243: SLE serum stimulation induced MUC2 high expression in Organoid Il but lower
level in organoid | (Figure 4B & Figure S4C). This is a major discrepancy that needs to be
addressed.

- This discrepancy comes from the different differentiation dynamics observed in both
organoid lines. Therefore, for the downstream analysis we considered the results from
both lines to have a robust analysis. With the results from the 24h timepoint and the
scRNA-seq which were performed with either of the lineages respectively, we can be
certain that the overall seen effect on the secretory lineage is a valid finding (we addressed
this in line 229-232).

7. Line 251-252: How do authors make sure that "we were facing an effect on the differentiation
process rather than cell type loss"?

- We can exclude an increase of cell death since we did not see changes in LDH release
(Fig. 1C) and cleaved Caspase 3 abundance (Suppl. Fig. 1A) when we compared both
conditions. Additionally, the data from the 24h stimulation time point showed the reduction
of transcription factors (Fig. 4J) important for differentiation which manifested in a
reduction of secretory cell markers upon longer stimulation (72h) (edited statement in line
256-258).

8. Line 259, How about apoptosis gene levels here?
- Apoptosis markers BAX and BCL2 are not amongst the differentially expressed genes.
(see Suppl. Table 4).

9. Line 290 : It has been shown that the response of colon explants to IFN-a was variable
among donors
(https://www.sciencedirect.com/science/article/pii/S2352345X16301084#undfig1). This study
should be cited. Was the response to IFNa tested on both organoids?

- The reference was included (Line 669-671). The response to IFNa was only tested in
organoid line Il given the limited availability of the serum that was used for co-stimulation.
Overall, however, we saw an effect in both donor lines and less response was rather
connected to the serum, not the organoid donor. In the publication reported interindividual
heterogeneity depends on the therewith connected release of IL-18. Future studies could
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include analysis of cytokine release from the organoids after serum stimulation and a
higher number of organoid lines to validate our findings.

10. Line 305-307: Is single cell sequencing from single organoid line or from combined? Do two
organoid lines show different distributions?
- scRNA-seq was performed using organoid line Il. Due to limited resources, we
unfortunately could not include another organoid line.

Reviewer #3 (Significance (Required)):

While there is mounting evidence of an altered intestinal barrier integrity in SLE patients, there
is little insights in the mechanisms. Using colon organoids is a novel approach with great
potentials to investigate this issue. The strongest signature found by the authors was type IFN,
which is indicates that the colon epithelial cells respond in a similar manner to other cell types.
The secretory and absorption genes are of potential greater interest to unraveling mechanisms
to gut alteration in SLE.

This study is of interest for audiences interested in lupus basic and clinic research, as well as
investigators working of gut barrier integrity.

Thank you for your constructive feedback. We are encouraged by your acknowledgment of our
novel approach using colon organoids to explore the altered intestinal barrier integrity in SLE
patients. Your emphasis on the significance of the type IFN signature and the importance of
secretory and absorption genes aligns with our perspective.

Incorporating the intestinal barrier functional experiment emphasizes the translational nature of
our study. We agree with your view that our findings are relevant for those involved in both basic
and clinical lupus research, as well as specialists in intestinal biology. Your encouraging feedback
strengthens our conviction in the wider significance of our work. We are motivated to keep bridging
the gap between these two essential areas of study.
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31st Oct 2023

Dear Dr. Resnik-Docampo,

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine following initial review at Review
Commons. Your manuscript was sent back to the original reviewers, and we have now received their reports. As you will see
below, they are supportive of publication pending minor revisions, and | am therefore pleased to inform you that we will be able
to accept your manuscript once the following points will be addressed:

Referee comments:
Please address the remaining concern from referee #2 regarding barrier permeability in organoids.

Additionally, please address the following editorial issues:

1) Please provide 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) We can accommodate a maximum of 5 keywords, please adjust accordingly.

3) Please define the corresponding author(s) on the title page.

4) The order of the manuscript sections needs correcting to: Acknowledgments, Disclosure and competing interests statement,
References, Main figure legends, EV figure legends

5) Please remove "Data not shown" (p.8): as per our guidelines on "Unpublished Data", the journal does not permit citation of
"Data not shown". All data referred to in the paper should be displayed in the main or Expanded View figures.

6) Data availability section: please provide the datasets accession numbers and URL links. This section should be placed at the
end of the materials and methods.

7) Acknowledgements: please make sure that the information provided in the submission system matches the information
provided in the manuscript (currently Merck KGaA, Darmstadt, Germany is missing in the submission system).

8) 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.

9) Please rename the Conflict of Interest to '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.

10) Please correct the reference format to alphabetical, with 10 authors listed before et al.

11) We can accommodate up to 5 EV figures that are collapsible/expandable online. As you currently have 7 supplementary
figures, you could either merge them to have 5 figures, or compile the remaining 2 figures in an appendix, with a table of content
and figure legends included in the PDF file.

12) The Suppl. Tables 3-5, 7-11 should be renamed Dataset EV1-8. The Suppl. Tables 1, 2 and 6 should be renamed Table
EV1-3.

13) Please make sure that all figures are referenced in the text and in chronological order.

14) In the figure legends:

- Please note that the figure legend style does not comply with the journal guidelines i.e. all the figure legends are in a run-on
style.

- Please indicate the statistical test used for data analysis in the legend of supplementary figure 2b.

- Please note that the error bars are not defined in the legend of figures 1c, h; 2e-g; 3c-d; 4c, d, f, g, k; 5¢; 7c; supplementary
figures 3b, c, d; 4a, b, d; 5b; 7c.

- Please note that information related to n is missing in the legend of figure 6c¢; supplementary figure 2b.

- 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 legend of figure 2c.

15) 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.

16) Please provide 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.

17) 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.

18) Every published paper 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.

19) 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
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***** Reviewer's comments
Referee #1 (Remarks for Author):

The authors have adequately revised the manuscript and done all the experiments asked for, so in my view this manuscript
should be accepted for publications

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

The model is adequate. Technical quality, novelty and medical impact medium. Overall a good solid paper.

Referee #2 (Remarks for Author):

| congratulate the group of Dr. Resnik-Docampo for a very elegant and convincing revision of the paper,| have only one further
remark alas a very important one. While a very elegant and out of the box solution is applied for FITC-dextran permeability, | am
doubtful that a monolayer provides the same quality of barrier as an organoid. Forces and mechanical stress are completely
different in monolayers and organoids. | strongly suggest to show in 3d organoids not monolayers barrier permeability
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5755602/). This can be achieved either by microinjecting organoids or by

generating inside-out organoids and exposing those to FITC-dextran. This point is crucial to me for the acceptance of the
manuscript (which | evaluate positively overall) as | stated in my first revision.

Referee #3 (Comments on Novelty/Model System for Author):



This is a significant and novel study
Referee #3 (Remarks for Author):

All concerns have been addressed
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New_manu_number: EMM-2023-18796

Corr_author: Resnik-Docampo

Title: Systemic Lupus Erythematosus Serum Stimulation of Human Intestinal Organoids Induces Barrier Leakiness and Changes
in Goblet Cell Differentiation
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Manuscript number: EMM-2023-18796 RC- 2023-02065
Corresponding author(s): Martin, Resnik Docampo

1. General Statements [optional]

This section is optional. Insert here any general statements you wish to make about the goal of
the study or about the reviews.

In response to the feedback received from the editor, we have taken several steps to include all
suggestions and change formatting according to the journal guidelines.
Those changes include:
e Supplementary figure legend names were changed to EV in the figure itself and in the
text
e Supplementary figure 1 and 2 as well as supplementary figure 4 and 5 were merged
e Figure legends were fully revised and edited to have it more concise and to include all
the information on statistical analysis, values shown and replicates
o The section of the statistical analysis was revised to include all information necessary
o The style of references was adjusted according to the style of the journal
e The section of author contributions was removed and will be uploaded in the portal
o The submission of the raw sequencing data was finalized and the reference added to the
manuscript
e Title and abstract was shortened as required

For clarity:

In this document, reviewers' comments are highlighted in blue, our responses are in black. In
the manuscript document the changes are marked in red except for the changes made to the
reference formatting and the Supplementary figure names.

2. Point-by-point description of the revisions
Referee #1 (Remarks for Author):

The authors have adequately revised the manuscript and done all the experiments asked for, so
in my view this manuscript should be accepted for publications

We thank the reviewer again for the input and suggestions.
Referee #2 (Comments on Novelty/Model System for Author):

The model is adequate. Technical quality, novelty and medical impact medium. Overall a good
solid paper.

Referee #2 (Remarks for Author):
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| congratulate the group of Dr. Resnik-Docampo for a very elegant and convincing revision of
the paper,| have only one further remark alas a very important one. While a very elegant and
out of the box solution is applied for FITC-dextran permeability, | am doubtful that a monolayer
provides the same quality of barrier as an organoid. Forces and mechanical stress are
completely different in monolayers and organoids. | strongly suggest to show in 3d organoids
not monolayers barrier permeability (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5755602/).
This can be achieved either by microinjecting organoids or by generating inside-out organoids
and exposing those to FITC-dextran. This point is crucial to me for the acceptance of the
manuscript (which | evaluate positively overall) as | stated in my first revision.

Thank you for your constructive feedback. We agree that a monolayer system differs from
organoids grown in 3D. To build a relevant in-vitro model we use a medium that induces
differentiation and together with the serum supports the presence of all major cell types. This in
turn leads to a high proportion of absorptive cells. Absorptive cells express high levels of ion
transporters (as also shown in our scRNA-seq data) that do not only transport ions from the
apical to basal side, but also induce also the movement of water from the lumen to the basal
side (Kozuka et al, 2017). In case of a 3D organoid where the lumen is in the center of the
organoid this leads to a shrinkage of the luminal space. However, microinjection is only feasible
with organoids that have high luminal pressure. Figure 1 and Figure 2 show two published
protocol that show the required cystic organoid phenotype required for microinjection. In Figure
2J organoids are stated to be too differentiated to be injected. This non-cystic phenotype is
comparable to our organoids stimulated with serum (Fig.3) that present with a thick epithelial
layer and low internal pressure. Conclusively, we are not able to use microinjection for our
serum stimulated organoids.

Fig. 1: In this protocol the cystic phenotype of the organoid is shown (Hill et al, 2017).


https://atpscan.global.hornetsecurity.com/index.php?atp_str=UDZX8dBY_u8nj_-mmKkq9MRsz86fetBv89ANeZM1vVvgwQwVz_2yREse7aRvG-l3pPzW-AKSx7KsFhBNpwts2PgGVVznW2ri-8LalfBOSrpHlCIX3TJFV1yvKYohX-Rk9smpgjmV8uEIcfWle1P4XXjceHHHiL27TwyZra4izRNBifdGVIpAE84aD1MWEMrO2OHM2mjsxCi0b4bfCWGlxqtMXCbOym79fvpbjGoiWj6-s3a5EaA8ORTyKRv0ZL63zM5M4M11_VGzYrRB-Fdi5SOs3dDmulG8lgAj82oQBx6EIzo6I82UYAcTJP2rs5X4tSM6OiNtlMWIbhBksPkJSmy7CSSi
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Fig. 2: In this step-by-step protocol the neccessity of culturing organoids with a cystic
phenotype and therewith high internal pressure is stated (Puschhof et al, 2021). This is
achieved by using a medium that supports a proliferative phenotype with an additional
stimulation of secretion (PGE2) which leads to a high internal pressure. In j organoids

are stated to be too differentiated for injection. They show the lack of the cystic
phenotype and are more similar to our organoids.

Fig. 3: MophAology of organoids stimulated with serum present with a phenotype that is
different to the cystic organoids with a thick epithelial layer and a low internal
pressure.

Organoids grown in suspension were shown to develop an inside-out phenotype which is
marked by the luminal space being exposed to the medium while the basal side is facing inside
(Co et al, 2021). This configuration would allow the addition of FITC directly to the medium, but
microinjection would still be required to stimulate the organoids basally with serum. Thus, we
would face a similar challenge while in addition reducing the throughput given the manual
nature of the microinjection.
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Monolayer cultures helped us to overcome these technical challenges and are additionally a
well-recognized system to study barrier permeability. They are able to form a tight barrier that
allows to study apical to basal translocation of molecules and even ions (van Dooremalen et al,
2021; Haynes et al, 2022, Kozuka et al, 2017, https://www.stemcell.com/organoid-monolayer-
barrier-permeability-assay.html). The 2D nature of this model enabled the stimulation on the
basal side with serum while having access to the luminal side for the addition of FITC. Given
that the readout is not based on microscopy like in the 3D set-up where only a limited number of
organoids can be analyzed, we could increase the number of technical and biological replicates
using the 2D model making the read-out more robust. Until the technological burden is
overcome, we are convinced that the 2D assay is the best compromise to study barrier
permeability in our study where we require the access to both the luminal and basal side.
Together with the transcriptional changes we can therewith conclude that SLE serum
stimulation leads to alterations in the barrier that cause an increase in epithelial permeability.
Future studies could explore these changes more specifically by using organ-on-a-chip
approaches that support the introduction of flow or even microbes.

Referee #3 (Comments on Novelty/Model System for Author):
This is a significant and novel study

Referee #3 (Remarks for Author):

All concerns have been addressed

We thank the reviewer again for the input and suggestions.
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4th Dec 2023
Dear Dr. Resnik-Docampo,

Thank you for submitting your revised manuscript. We have now received the report from the referee who re-reviewed your
manuscript, and as you will see below, this referee is supportive of publication. | will therefore be able to accept your manuscript
once the following minor editorial points will be addressed:

1/ Manuscript text:

- Please accept the previous changes in red and only keep in track changes any new modification.

- Materials and methods:

o Human samples: please add the complete statement 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.

o Cells: please indicate whether tests for the presence of mycoplasma were performed.

o Statistics: please include a statement about randomization and blinding, even if no blinding was done.

o Please correct the checklist accordingly.

- Data Availability section: please remove "Analyzed transcriptomic data are as well provided as supplementary datasets (EV1-
8). All other data supporting the findings of this study are available from the corresponding author on request.”

2) At EMBO Press we ask authors to provide source data for the main figures. Please find the checklist from our source data
coordinator attached and upload the requested source data accordingly.

3) Checklist:
Please make sure that the checklist reflects all information provided in the Materials and Methods; in particular, please fill in the
section on Experimental study design and statistics.

4) Please note that all corresponding authors are required to supply an ORCID ID for their name upon submission of a revised
manuscript. An ORCID identifier is currently missing for Inga Viktoria Hensel.

5) Thank you for providing "The paper explained". Please incorporate it in the main manuscript file.

6) Thank you for providing a synopsis text and image. | have slightly edited the text to match our style and format, please let me
know if you agree with the following or amend as you see fit:

Stimulation of human intestinal organoids with serum from Systemic Lupus Erythematosus patients allowed the study of this
systemic disease's impact on the epithelial barrier and gut homeostasis.

* The in vitro model contained all major intestinal epithelial cell types.
» The decrease of secretory cell population was accompanied by changes in mucus composition.

* Type | interferon signature could be inhibited by anifrolumab.
« Stimulation with serum from SLE patients led to increased barrier leakiness and altered mitochondrial function.

I look forward to reading a new revised version of your manuscript as soon as possible.
Yours sincerely,

Lise Roth

Lise Roth, Ph.D

Senior Editor
EMBO Molecular Medicine
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Referee #2 (Comments on Novelty/Model System for Author):

All discussions have been made in the previous round of review and | am very satisfied with all the replies of the authors
Referee #2 (Remarks for Author):

The group of Resnik-Docampo has extensively answered all my comments. My sincerest compliments to the whole group.
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2nd Authors' Response to Reviewers 21st Dec 2023

All editorial and formatting issues were resolved by the authors.
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5th Jan 2024
Dear Dr. Resnik-Docampo,

Thank you for submitting your revised files, and please accept my apologies for the delay in getting back to you during this busy
time of the year. | 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.

Congratulations on your interesting work!

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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Corresponding Author Name: Martin Resnik-Docampo

Journal

Submitted to: EMBO Molecular Medicine

Manuscript Number: EMM-2023-18796 | [RC-2023-02065]

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

USEFUL LINKS FOR COMPLETING THIS FORM
The EMBO Journal - Author Guidelines
EMBO Reports - Author Guidelines
Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines

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

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.

— 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?

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

Material 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.

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

in repository OR supplier name, catalog number, clone number, and/OR Yes Material and Methods
RRID.

Prm'!a.ry f:ultures: Provide species, strain, sex of origin, genetic Yes Material and Methods
modification status.

Report if the cell lines were recently authenticated (e.g., by STR profiling) Yes Material and Methods

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
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.

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.

Yes

Material and 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)

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

Yes

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

Material and Methods

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?

Yes

Material and Methods

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

Yes

Material 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

Material 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

Material and Methods

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; Material and Methods

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

Yes

Figure legends; Material and Methods

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

Material 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.

Yes

Material and Methods

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.

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 lll 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
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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

Material 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?

Yes

Material and Methods

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

Yes

Material and Methods
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