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1st Editorial Decision 26th Nov 2019

Dear Lenhard,

Thank you for your patience while your manuscript was peer-reviewed at EMBO reports. | sent your
study to 3 referees and so far we have received reports from two of them, which | paste below.
Given that both referees are in fair agreement that you should be given a chance to revise the
manuscript, I would like to ask you to begin revising your study along the lines suggested by the
referees. Please note that this is a preliminary decision made in the interest of time, and that it is
subject to change should the third referee offer very strong and convincing reasons for this. As
soon as we will receive the final report on your manuscript, we will forward it to you as well.

I think all comments in the reports we have make sense and should be addressed.

Please let me know if you disagree and we can discuss this further. Please address all referee
concerns in a complete point-by-point response. Acceptance of the manuscript will depend on a
positive outcome of a second round of review. It is EMBO reports policy to allow a single round of
major revision only and acceptance or rejection of the manuscript will therefore depend on the
completeness of your responses included in the next version of the manuscript.

Revised manuscripts should be submitted within three months of a request for revision; they will
otherwise be treated as new submissions. Please contact us if a 3-months time frame is not
sufficient for the revisions so that we can discuss this further. Given the 6 main figures, | suggest
that you layout the manuscript as a full article.

Regarding data quantification, please specify the number "n" for how many independent
experiments were performed, the bars and error bars (e.g. SEM, SD) and the test used to calculate
p-values in the respective figure legends. This information must be provided in the figure legends.
Please also include scale bars in all microscopy images.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review.
Your manuscript will FAIL this control and the handling will be DELAYED if the following APPLIES:

1) A data availability section providing access to data deposited in public databases is missing

2) Your manuscript contains statistics and error bars based on n=2 or on technical replicates.
Please use scatter blots in these cases. No error bars can be calculated if n=2.

When submitting your revised manuscript, please carefully review the instructions that follow below.
Failure to include requested items will delay the evaluation of your revision.

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).

See https//iwol-prod-cdn literatumonline.com/pb-assets/embo-
site/EMBOPress_Figure Guidelines 061115-1561436025777 pdf for more info on how to prepare
your figures.

3) 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. See detailed instructions regarding expanded view here:
<https/www.embopress.org/page/journal/14693178/authorguide#expandedview>

- 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 xls files. Alternatively, the legend can be
supplied as a separate text file (README) and zipped together with the Table/Dataset file.

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/14693178/authorguide>. 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 (<https://orcid.org/>). Please find instructions on how to
link your ORCID ID to your account in our manuscript tracking system in our Author guidelines
<httpsJ/www.embopress.org/page/journal/14693178/authorguide#authorshipguidelines>

7) Before submitting your revision, primary datasets produced in this study need to be deposited in
an appropriate public database (see
https//www.embopress.org/page/journal/14693178/authorguide#datadeposition). Please remember
to provide a reviewer password if the datasets are not yet public. The accession numbers and
database should be listed in a formal "Data Availability" section placed after Materials & Method
(see also https/iwww.embopress.org/page/journal/14693178/authorguide#datadeposition). Please
note that the Data Availability Section is restricted to new primary data that are part of this study.
* Note - All links should resolve to a page where the data can be accessed. *

8) We would also encourage you to include the source data for figure panels that show essential
data. Numerical data should be provided as individual xIs or .csv files (including a tab describing the
data). For blots or microscopy, uncropped images should be submitted (using a zip archive if
multiple images need to be supplied for one panel). Additional information on source data and
instruction on how to label the files are available at
<https/iwww.embopress.org/page/journal/14693178/authorguide#sourcedata>.

9) Our journal also 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



https//www.embopress.org/page/journal/14693178/authorguide#referencesformat

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

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a
Review Process File (RPF) to accompany accepted manuscripts. This File will be published in
conjunction with your paper and will include the referee reports, your point-by-point response and
all pertinent correspondence relating to the manuscript.

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point to the following statement: "No Review Process
File is available with this article, as the authors have chosen not to make the review process public
in this case."

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

Kind regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

In this manuscript, Deb and colleagues address the function of the Exocyst component
Tnfaip2/Exoc3 in stem cell reprogramming and differentiation. T heir findings include that the knock-
down of TNFAIP in culture mouse cells increases fibroblast reprogramming efficiency and inhibits ES
cell differentiation. These phonotypes correlate with reduced lipid droplet formation and the
supplementation of storage lipid precursors rescues differentiation-associated Tnfaip loss of
function phenotypes.

In parallel, the authors examine the function of the planarian Exoc3 gene orthologue and report an
apparent requirement in stem cell differentiation, which can also be rescued by FA
supplementation. On basis of these findings, the authors conclude that they have identified an
evolutionarily conserved pathway with important roles in stem cell differentiation and tissue
regeneration.

I find the findings of the manuscript genuinely interesting, also for the broad readership of EMBO
reports. The probing of deep evolutionary conservation of gene function via functional investigation
of the planarian gene homologue adds a further interest dimension to this manuscript. However,
some of the key conclusions are insufficiently supported by data.lam not an expert on vertebrate
stem cell cultures, hence the predominant focus of my comments on the planarian experiments.

Major points
1) Tnfaip2 gene function in mouse: The broad involvement of the exocyst protein complex in many
cellular functions requires additional evidence that the observed phenotypes are indeed all



associated with lipid metabolism. The authors should present RNAseq data to support that the
apparent FA-induced rescue of differentiation in Fig 6B-C is reflected in the rescue of the
differentiation-associated gene expression profiles in Fig. 4A. In parallel, the effect of the FA
supplementation on reprogramming efficiency could be examined.

2) The authors conclude deep evolutionary conservation of Tnfaip/Exoc3 gene function by inferring
defects in stem cell differentiation in mouse stem cells and planarians. However, the planarian data
in Fig 3 insufficiently supports a differentiation defect in planarians. Criticism: An increase in H3P-
positive cells alone could also reflect a mitotic arrest or an optical artefact resulting from the
projection of an unchanged or even decreased density of mitotic stem cells onto the much reduced
area of the strongly contracted animals (Fig. 3B); The phenotypes shown in Fig. 3E-G are either
broadly associated with general defects in the planarian stem cell system (E, F) or not convincing
(G- this image does not support a protonephridial defect); the supplemental RNAseq data is limited
to a small number of inconclusive and obviously hand-picked genes (see below for detailed points).
Therefore, additional data is required to support the conclusion that Exoc3 is required specifically
for stem cell differentiation in planarians. Minimally, this requires the demonstration that stem cells
accumulate at the expense of differentiating progenitors. Time course experiments would be
particularly useful for providing a clearer view of direct versus indirect effects. If the authors cannot
provide such data, the text needs to be generalized to state that Smed-exoc3 is required for stem
cell driven tissue homeostasis in planarians, which might include effects on differentiation.

3) The authors conclude that Exoc3 in both systems affects stem cell differentiation via the
modulation of lipid stores. However, the FA injection rescue (see below for additional criticism)
provides the only tentative support for the link between Exoc3 and lipid storage in planarians. The
authors therefore need to directly examine the effect of planarian Exoc3(RNAI) on planarian lipid
storage. This isn't overly difficult, as protocols for lipid droplet visualization in planarians have been
published or the authors could use their own mass spec assay in Fig. 5E to quantify storage lipid
levels in control versus Exoc3(RNAI) animals. Such data are strategically important also as
additional support for the validity of the rescue experiment.

4) The abstract and text claim the discovery of a new pathway. However, the majority of the data
pertains to a single gene (T nfaip2/Exoc3), the mechanistic connection to lipid droplets remains
tentative and as stated in the text, lipid droplets have already been implicated in stem cell
differentiation. The "new pathway" terminology is therefore a bit of an overstatement and the
respective passages should be rephrased accordingly. Further, the text of the current manuscript is
not in a submission-ready state and requires substantial editing (see below).

Minor points

Manuscript:

5) Multiple cut/paste scars persist and some sections are overly convoluted and hard to
understand- please polish the text into a submission-ready state and edit for grammar mistakes.
6) The planarian data is poorly integrated, especially in the discussion. Please include some form of
comparison between the two experimental systems used in the manuscript, the additional insights
that the multi-pronged approach permits and some of the caveats regarding the interpretation of
the planarian data (e.g., direct effects in stem cells (as implied by the text) vs. indirect effects of the
organism-wide knock-down in other tissues (e.g., in the lipid storing intestine)).



Rescue assay:

7) The complete restoration of progeny cell marker levels after FA injection is remarkable. However,
the low number of 3/19 animals that regenerated properly raises concerns in conjunction with the
apparently small sample size (57?) for the gPCR assays. If the gPCR samples were to have been
biased for "good looking" animals, the apparent rescue might actually be due to RNAi escapers.
Please state explicitly how the samples for gPCR were selected and/or add additional experimental
data points to alleviate such concern- this point is crucial in conjunction with the direct
demonstration of Exoc3 effects on planarian lipid storage (point 3).

RNAseq analysis:

8) S Fig.3b generates the visual impression of a large number of analyzed genes that all follow the
same pattern. However, this is NOT the case, as only 5 genes are analyzed. Please filter for
isoforms of the same transcript (_1,..2,..3,..4 suffix- see PlanMine user manual) and display only 1
isoform per gene (common practice in the field is the use of the longest isoform).

9) In the case of "H2B" the authors likely analyze two separate genes (different transcript ID; see
PlanMine usermanual). Please state which of the two gene sequences corresponds to the isoform
that was functionally validated in the previous RNAseq isoforms.

10) Please include a range of bona-fide stem cell markers into the analysis/figure, i,e., piwi-1, -2,
pcna, bruli..; the more, the better). Rather than hand-picking a few genes, the point that stem cell
markers are generally up and differentiation markers are generally down would be most strongly
supported by querying one of the published global stem cell/progeny gene sets in this experiment.

Terminology:
11) Please do not use "endo/meso/ectoderm” in reference to planarian stem cell lineages- the
implied homology has not been established.

12) "Smed-exoc-3(RNAI) displayed a good knock down efficiency"- please re-phrase with proper
scientific terminology.

Referee #3:

In this manuscript, the authors report that lipid metabolism mediated by Tnfaip2/Exoc3 plays the
key role for stem cell differentiation and organ maintenance. Knockdown of Tnfaip2 was found to
promote the iPSCs generation, however, suppression of Tbfaip2 or its planarian orthologure, Smed-
exoc3, in stem cells abrogated differentiation and regeneration. Mechanistically, Tnfaip2 deficiency
led to deregulation of TAG synthesis and reduced the expression of Vimentin that is responsible for
lipid droplets formation. While the major findings in this study are potentially interesting, the author
did not provide sufficient evidence to support the conclusion.

1. shTnfaip2s were found to enhance the somatic reprogramming process, however, the author
also observed that Tnfaip2-deficient ESCs exhibited differentiation failure. It is not clear that
Tnfaip2 functions to prevent or promote the acquirement and maintenance of pluripotency. The
author should examine the expression level of Tnfaip2 change during somatic cell reprogramming
and ESCs differentiation.

2. In this study, Tnfaip2 seemed to play the conflicting roles in somatic reprogramming and stem cell
differentiation. It would be interesting to investigate whether the iPSCs that generated from MEFs
with OSKM and shTnfaip2 induction exhibit differentiation deficiency.

3. As shown in Figure 6, the supplementation of palmitic acid and palmitoyl-L-carnitine rescued the



differentiation defects of Tnfaip2/exoc3-deficient pluripotent stem cells in culture and in vivo in
planarian. The authors concluded that Vim-dependent lipid droplet (LD) formation mediated by
Tnfaip2/exoc3 was critical for ESC differentiation. However, they did not provide sufficient evidence
to support the conclusion. Since Vimentin also is a regulator of EMT process that is well-known to
be critical for somatic reprogramming or stem cell differentiation, the author may wish to go further
to prove that Vimentin deficiency lead to failure in lipid droplet formation and then ESCs
differentiation.

4.The authors claimed Tnfaip2 regulated the expression of Vimentin and Cpt1la. It's better to
provide the results of qRT-PCR and western blot besides the proteomics data.

5. Another critical missing part is how Tnfaip2/exoc3 regulate the protein levels of Vimentin or
Cptla. In Supplementary Figure 6E, the author claimed that there was no additive effect in the
enhancement of reprogramming efficiency upon co-depletion of Tnfaip2 and Vim indicating that
Tnfaip2 and Vim act especially in this regard. It is not surprising that knockdown of Vimentin, the
regulator of EMT, significantly increased the somatic reprogramming efficiency. The author may
wish to provide more evidence to claim Vimentin is the downstream effector of Tnfaip2. It is not
clear whether Vimentin could rescue the differentiation defect of ESCs or somatic stem cells with
Tnfaip2/exoc3.

6. In Figure 3C&D, Smed-exoc3 knockdown increased the numbers of proliferating stem cells in
planarian. The authors explained that Smed-exoc3 knockdown led to the self-renewal versus
differentiation of stem cells. Nevertheless, it is known that the asymmetrical and symmetrical
division is essential for stem cell maintenance and tissue regeneration. The authors may wish to
address whether stem cells with Smed-exoc3 knockdown prefer symmetrical division rather than
asymmetrical division and whether the lipid drop formation affects the division pattern.



1st Authors' Response to Reviewers 3rd Jul 2020

Referee #1:

In this manuscript, Deb and colleagues address the function of the Exocyst component
Tnfaip2/Exoc3 in stem cell reprogramming and differentiation. Their findings include that the
knock-down of TNFAIP in culture mouse cells increases fibroblast reprogramming efficiency
and inhibits ES cell differentiation. These phonotypes correlate with reduced lipid droplet
formation and the supplementation of storage lipid precursors rescues differentiation-associated
Tnfaip loss of function phenotypes.

In parallel, the authors examine the function of the planarian Exoc3 gene orthologue and report
an apparent requirement in stem cell differentiation, which can also be rescued by FA
supplementation. On basis of these findings, the authors conclude that they have identified an
evolutionarily conserved pathway with important roles in stem cell differentiation and tissue
regeneration.

I find the findings of the manuscript genuinely interesting, also for the broad readership of
EMBO reports. The probing of deep evolutionary conservation of gene function via functional
investigation of the planarian gene homologue adds a further interest dimension to this
manuscript. However, some of the key conclusions are insufficiently supported by data. | am not
an expert on vertebrate stem cell cultures, hence the predominant focus of my comments on the
planarian experiments.

Major points

1) Tnfaip2 gene function in mouse: The broad involvement of the exocyst protein complex in
many cellular functions requires additional evidence that the observed phenotypes are indeed all
associated with lipid metabolism. The authors should present RNAseq data to support that the
apparent FA-induced rescue of differentiation in Fig 6B-C is reflected in the rescue of the
differentiation-associated gene expression profiles in Fig. 4A. In parallel, the effect of the FA
supplementation on reprogramming efficiency could be examined.

Response: We thank the reviewer for his/her positive comments on our manuscript and for the
valuable comments, which we all addressed in the revised manuscript and which significantly
improved our study.

We followed the reviewer’s suggestion and included a new RNA-sequencing analysis on the
rescue of differentiation of Tnfaip2” EBs by fatty acid (FA) treatment. The analysis shows that
FA treatment rescues the expression of stemness/differentiation regulating genes (new Figure
3G; new Expanded View 6A and 6B and new Appendix Table 10) that are dysregulated in
Tnfaip2” EBs versus WT EBs (revised Figure 2E- former Figure 4A and revised Expanded
View 4A and 4B — former Supplementary Figure 5B and 5C). We highlight the differentially
regulated stemness/differentiation genes that were differentially expressed in Tnfaip2” EBs
versus WT EBs but rescued in Tnfaip2” EBs by FA-treatment (marked with asterisk in new
Figure 3G and new Expanded View 6A and 6B (1% paragraph on page 19 of the revise
manuscript).

Remark: Gene lists of corresponding Gene Ontology (GO) terms (e.g. “Positive and Negative
Regulators of stem cell population maintenance” as well as “Ectodermal and Mesodermal
Markers™) were obtained by using AmiGO 2 (data base version 2019-07-02; Carbon et al.,



2009). The corresponding figures show the heatmaps of all differentially expressed genes in the
respective experiments: Each of the Figures 2E and 3G shows 19 plus 5 genes, but there are
differences in the list of genes based on which genes of the list of indicated AmiGO terms were
differentially expressed in the respective experiments. Same explanation holds true for the
depiction of genes in Expanded View 4A and 4B and new Expanded View Figure 6A and 6B (1
paragraph on page 19 of the result section).

We also addressed the role of FA in reprogramming Specifically, we show that supplementation
of PA/PC during cellular reprogramming inhibits generation of iPSCs, which is in line with pro-
differentiation influence of PA/PC. Similarly, we now demonstrated that treatment with
Etomoxir, a CPT1A-specific inhibitor, improves reprogramming efficiency (new Figure 4F and
4G) (2" paragraph on page 21 of the result section).

2) The authors conclude deep evolutionary conservation of Tnfaip/Exoc3 gene function by
inferring defects in stem cell differentiation in mouse stem cells and planarians. However, the
planarian data in Fig 3 insufficiently supports a differentiation defect in planarians. Criticism: An
increase in H3P-positive cells alone could also reflect a mitotic arrest or an optical artefact
resulting from the projection of an unchanged or even decreased density of mitotic stem cells
onto the much reduced area of the strongly contracted animals (Fig. 3B); The phenotypes shown
in Fig. 3E-G are either broadly associated with general defects in the planarian stem cell system
(E, F) or not convincing (G- this image does not support a protonephridial defect); the
supplemental RNAseq data is limited to a small number of inconclusive and obviously hand-
picked genes (see below for detailed points). Therefore, additional data is required to support the
conclusion that Exoc3 is required specifically for stem cell differentiation in planarians.
Minimally, this requires the demonstration that stem cells accumulate at the expense of
differentiating progenitors. Time course experiments would be particularly useful for providing a
clearer view of direct versus indirect effects. If the authors cannot provide such data, the text
needs to be generalized to state that Smed-exoc3 is required for stem cell driven tissue
homeostasis in planarians, which might include effects on differentiation.

Response: We thank the reviewer for his/her insightful comment. We followed the suggestion of
this reviewer and have included a new time course experiment analyzing the number of stem
cells (X1 population) in Smed-exoc3 depleted planarians versus controls at different time points
after starting the iIRNA treatment (day-30, -34, and -38). In addition, we also monitored the
expression of 5 stem cell marker genes in RNA extracted from total planarians at the same
timepoints. The results show an increase in stem cell marker gene expression (new Expanded
View 3A) and an increase in the number of X1 cells (new Expanded View 3B and 3C) in
planarians that were injected with iRNA against Smed-exoc3 versus planarians injected with a
control iRNA against gfp. This increase was gradually developing over time (1% paragraph on
page 11 of the result section). In addition, we also conducted new experiments to analyze
whether the number of differentiated cells would decrease in Smed-exoc3-treated planarians
versus control iRNA treated planarians. These experiments revealed a decrease in differentiated
cells (new Expanded View 3B and 3D; page 12 of the result section) as well as a decline in the



expression of 2 differentiation markers in response to Smed-exoc3 depleted planarians (new
Appendix Figure 1C; 1% paragraph on page 10 of the result section).

The reviewer is right that a mitotic arrest could also lead to an increase in the X1 population. As
X1 cells are mostly in G2/M and the number of X1 increases in Smed-exoc3 depleted planarian
vs. wildtype, it is difficult to employ cell cycle analysis to discriminate G2/M arrest from an
increase in X1 neoblast cells. However, an increase G2/M arrested cells usually coincides with
an increase in apoptosis. We included an analysis of apoptosis (Annexin V positive cell) in the
X1 population, which did not reveal any evidence for an increase in apoptosis (new Appendix
Figure 3A) (3" paragraph on page 13 of the result section). Besides, the expression of the
planarian homologue of mammalian p53/p63 a bona fide mitotic checkpoint gene — was not
found to be significantly decreased in our RNA-sequencing analysis of exoc3(RNAI)-treated
planarians versus controls (page 14, first paragraph of the revised manuscript). Together, these
data suggested that the increase in X1 population in exoc3(RNAi)-treated planarians reflected a
differentiation failure rather than a mitotic arrest.

3) The authors conclude that Exoc3 in both systems affects stem cell differentiation via the
modulation of lipid stores. However, the FA injection rescue (see below for additional criticism)
provides the only tentative support for the link between Exoc3 and lipid storage in planarians.
The authors therefore need to directly examine the effect of planarian Exoc3(RNAI) on planarian
lipid storage. This isn't overly difficult, as protocols for lipid droplet visualization in planarians
have been published or the authors could use their own mass spec assay in Fig. 5E to quantify
storage lipid levels in control versus Exoc3(RNAI) animals. Such data are strategically important
also as additional support for the validity of the rescue experiment.

Response: We thank the reviewer for this suggestion. We have taken a quantitative approach to
measure the lipidomics profile of exoc3(RNAI) planarians compared to the control gfp(RNAI)
counterparts (new Figure 5A). Like Tnfaip2” EBs, exoc3(RNAI) planarians were found to exhibit
profound loss of Triacylglycerides (TAG) in comparison to control counterpart (bottom of page
21 of the revise manuscript).

4) The abstract and text claim the discovery of a new pathway. However, the majority of the data
pertains to a single gene (Tnfaip2/Exoc3), the mechanistic connection to lipid droplets remains
tentative and as stated in the text, lipid droplets have already been implicated in stem cell
differentiation. The "new pathway" terminology is therefore a bit of an overstatement and the
respective passages should be rephrased accordingly. Further, the text of the current manuscript
is not in a submission-ready state and requires substantial editing (see below).

Response: We thank the reviewer for this comment. Also, the other reviewers have asked us to
delineate the Exoc3/Tnfaip2 — Vim pathway more clearly. We have done so and our new
experiments indeed confirm that Tnfaip2 - Vim act epistatically in regulating lipid metabolism
and stem cell maintenance and differentiation (see new Figure 4D-G, Appendix Figure 5A-C, see
also responses to 3 and 4™ comments of reviewer 3 below). Based on these new data, we think
that it is justified to describe these findings as a new pathway that regulates lipid droplet
formation/lipid metabolism and stem cell differentiation (Page 19-21 of the result section).



Minor points

Manuscript:
5) Multiple cut/paste scars persist and some sections are overly convoluted and hard to
understand- please polish the text into a submission-ready state and edit for grammar mistakes.

This has been corrected in the revised manuscript.

6) The planarian data is poorly integrated, especially in the discussion. Please include some form
of comparison between the two experimental systems used in the manuscript, the additional
insights that the multi-pronged approach permits and some of the caveats regarding the
interpretation of the planarian data (e.g., direct effects in stem cells (as implied by the text) vs.
indirect effects of the organism-wide knock-down in other tissues (e.g., in the lipid storing
intestine)).

Response: We followed the reviewer’s suggestion and have included following paragraph in the
revised discussion: “Unlike in mouse or in other mammals, wherein pluripotent stem cells are
restricted to early phases of embryonic development, pluripotent somatic stem cells are present
in planarians throughout their life to ensure homeostasis and regeneration of all tissues of the
worms. Thus, planarians provide a unique in vivo model system to study the function of genes
and pathways in regulating pluripotent somatic stem cells in vivo. In vertebrates, organ
regeneration and homeostasis are driven by organ specific, adult stem cells with restricted
differentiation capacity, including multipotent, oligopotent, or unipotent stem cells. The current
study shows that it is possible to use planarians to delineate conserved gene functions as well as
gene specification that control the function of pluripotent, embryonic stem cells in culture as well
as pluripotent, somatic stem cells at the organism level (in planarians). It seems promising to go
on to use this approach to identify genetically controlled mechanisms that control the function of
restricted, somatic stem cells in more complex organisms such as vertebrates and mammals.”
(bottom of page 24 of the revised manuscript).

Rescue assay:

7) The complete restoration of progeny cell marker levels after FA injection is remarkable.
However, the low number of 3/19 animals that regenerated properly raises concerns in
conjunction with the apparently small sample size (5?) for the gPCR assays. If the gPCR samples
were to have been biased for "good looking" animals, the apparent rescue might actually be due
to RNAI escapers. Please state explicitly how the samples for gPCR were selected and/or add
additional experimental data points to alleviate such concern- this point is crucial in conjunction
with the direct demonstration of Exoc3 effects on planarian lipid storage (point 3).

Response: We thank the reviewer for this suggestion. Initially the numbers in the figures
depicted the number of planarians that retained the defective phenotype (indicating for example
that 3/20 exoc3(RNAI)-treated planarians showed a defective phenotype instead of labeling it as
17/20 showing restored phenotype). We have corrected this labeling as suggested by the
reviewer and also included additional animals for the analysis and hence now 20 out of 23



(20/23) exoc3(RNAI)-treated planarians exhibited restoration of differentiation potential. In
addition, we have involved a second independent experimentalist to evaluate the number of
animals showing the depicted phenotype. The corrected figures are included in the revised
manuscript.

RNAseq analysis:

8) S Fig.3b generates the visual impression of a large number of analyzed genes that all follow
the same pattern. However, this is NOT the case, as only 5 genes are analyzed. Please filter for
isoforms of the same transcript (_1,...2,...3,...4 suffix- see PlanMine user manual) and display
only 1 isoform per gene (common practice in the field is the use of the longest isoform).

9) In the case of "H2B" the authors likely analyze two separate genes (different transcript ID; see
PlanMine usermanual). Please state which of the two gene sequences corresponds to the isoform
that was functionally validated in the previous RNAseq isoforms.

10) Please include a range of bona-fide stem cell markers into the analysis/figure, i,.e., piwi-1, -
2, pcna, bruli...; the more, the better). Rather than hand-picking a few genes, the point that stem
cell markers are generally up and differentiation markers are generally down would be most
strongly supported by querying one of the published global stem cell/progeny gene sets in this
experiment.

Response: We thank the reviewer for the advice on improving the depiction of our RNA-
sequencing analysis of X1 cells from Smed-exoc3 depleted planarians and controls (gfp-RNAI
treated).

We now provide a completely unbiased analysis on the enrichment of stem cell and progenitor
cell related genes in our data set. Specifically, we compared DEGs of Smed-exoc3 depleted X1
versus control treated (gfp-RNAI) planarians from our RNA-sequencing experiment with
published data sets of stem cells from 3 different papers: Solana et al., 2012; Plass et al., 2018,
Fincher et al., 2018 (new Appendix Figure 1D and 1E and Appendix Table 4 and 6; page 11 of
the revised manuscript). The analysis shows a significant overlap of DEGs in X1 cells of Smed-
exoc3 depleted planarians vs. controls with the published neoblast gene expression signatures
indicating that depletion Smed-exoc3 alters the neoblast transcriptome signature in planarians.

In addition, there was a significant overlap of our DEGs in X1 cells of Smed-exoc3 depleted
planarians vs. controls with published gene expression signatures of distinct sub-clusters of
smedwi-1+ cells (Fincher et al.) and in fully differentiated Xins cells (Zhu et al. 2015) (see
Appendix Figure 1D and E and page 12 of the revised manuscript). These data support the
interpretation that exoc3(RNAI) disturbs the differentiation of neoblast cells.

Terminology:
11) Please do not use "endo/meso/ectoderm™ in reference to planarian stem cell lineages- the
implied homology has not been established.

Review: As per the suggestion, we have removed these terms throughout the text and from the
relevant figures (revised Figure 2A and 2B — former Figure 3F and 3G; revised Appendix Figure
2D and 2E — former Supplementary Figure 4D and 4E).

12) "Smed-exoc-3(RNAI) displayed a good knock down efficiency"- please re-phrase with
proper scientific terminology.



Response: We changed the text as follows “RT-gPCR analysis of total (whole body derived)
RNA from exoc3(RNAI)-treated planarians compared to controls revealed a good knockdown of
Smed-exoc3”(1* paragraph on page 9 of the result section).

Referee #2:

The Manuscript by Deb et al entitled "Tnfaip2/Exoc3 driven lipid metabolism is essential for
stem cell differentiation & organ homeostasis™ involves an RNAI screen that aims at identifying
genes that impair the generation of mouse induced pluripotent stem (iPS) cells, revealing Tnfaip2
to enhances formation of iPS cells. Tnfaip2 is a target of inflammatory TNFa and NFkB
pathways. To study the function of the gene in a pluripotency context, a knockdown of the
planarian Tnfaip2 orthologue exoc3 has been performed. Downregulation of exoc3 yielded an
increased planarian neoblast stem cell pool whereas differentiation is blocked. Moreover, by
CRISPR/Cas genome engineering a murine Tnfaip2 knockout ES cell line was generated. The
study reports that these KO cells do show an aberrant differentiation phenotype as judged by
embryoid body (EB) formation assay. Furthermore, the study aims at deciphering the putative
mechanism of Tnfaip2 loos-of-function and claims that vimentin expression is controlled by
Tnfaip2. This is stated to result in differentiation defects by impairing lipid metabolism.
Supplementation of free fatty acids to the cells appears to rescue the differentiation defects of
Tnfaip2 KO cells.

The study is clearly written and very well organized. The materials and methods section is sound
and seems to be sufficiently comprehensive to allow reproduction of the results. Also the results
are clearly structured and well presented. The study would have benefited from more
comprehensive studies of mutants at cellular level. E.g. the Tnfaip2 KO is poorly described and
no data on functional validation given. The differentiation analyses is based on EB formation and
follows a very short protocol of 6 days only. In this respect Fig. 4A might be misleading. Global
RNA-seq data is presented that is appropriately being analyzed. However, this has not been
carried out in the rescue experiment (Fig. 6), which is solely based on EB formation and a quite
rough quantification of morphological charactersitics (rosettes of surrounding EBS), representing
a rather preliminary state of these findings. A more comrprehsive staining against germ layer
markers enabling insight into particular differentiation defects would be more informative.

Response: We thank the reviewer for his/her positive comments on our manuscript and for the
valuable comments, which we all addressed in the revised manuscript and which significantly
improved our study.

We followed the reviewer’s suggestion and included a new RNA-sequencing analysis on the
rescue of differentiation of Tnfaip2” EBs by fatty acid (FA) treatment (new Figure 3G; new
Expanded View 6A and 6B and new Appendix Table 10; 1% paragraph on page 19 of the result
section). The analysis shows that FA treatment rescues the expression of stemness/differentiation
regulating genes that are dysregulated in Tnfaip2” EBs versus WT EBs (revised Figure 2Eand
revised Expanded View 4A and 4B). We highlight the differentially regulated stemness- and
differentiation-associated genes that were differentially expressed in Tnfaip2”" EBs versus WT
EBs but rescued in Tnfaip2” EBs by FA-treatment (marked with asterisk in new Figure 3G and
new Expanded View 6A and 6B).



Remark: Gene lists of corresponding Gene Ontology (GO) terms (e.g. “Positive and Negative
Regulators of stem cell population maintenance” as well as “Ectodermal and Mesodermal
Markers”) were obtained by using AmiGO 2 (data base version 2019-07-02; Carbon et al.,
2009). The corresponding figures show the heatmaps of all differentially expressed genes in the
respective experiments: Each of the Figures 2E and 3G shows 19 plus 5 genes, but there are
differences in the list of genes based on which genes of the list of indicated AmiGO terms were
differentially expressed in the respective experiments. Same explanation holds true for the
depiction of genes in Expanded View 4A and 4B and Expanded View 6A and 6B.

We have also included immunostaining images with differentiation markers of ectoderm and
mesoderm lineages like Brachyury (T) and SOX1 respectively to demonstrate repression of these
markers at protein level in cells in Tnfaip2” EBs as compared to WT EBs (new Expanded View
4C and page 15 of the revised manuscript).

We conducted similar immunofluorescence analysis to demonstrate activation of the T and
SOX1 upon supplementation of PA/PC to Tnfaip2” EBs undergoing in vitro differentiation (new
Expanded View 6C; 1% paragraph on page 19 of the revised manuscript).

Furthermore, in response to reviewer-1, we also analyzed the role of FA in reprogramming.
Specifically, we now show that in line with pro-differentiation influence of PA/PC, treatment
with Etomoxir, a CPT1A-specific inhibitor, improves reprogramming efficiency (new Figure 4F
and 4G) (2™ paragraph on page 21 of the revised manuscript).

Altogether, we think that our revised data more clearly describe the phenotype of the mutant ES
cells versus WT and provide further support for the role of Tnfaip2 and lipid metabolism in
differentiation of ES cells as well as in reprogramming of MEFs into iPS cells.

The discussion is clearly written and based on the experimental observations. The interpretation
of experimental results against the published background is mostly sound and conclusive. The
findings by Zhang et al. reporting that iPS-derived mesenchymal stem cells show mitochondrial
defects after Tnfaip2 inhibition should have been discussed (Stem Cell Reports, 2016 doi:
10.1016/j.stemcr.2016.08.009).

Answer: The paper refers to the role of Tnfaip2 in the formation of tunneling nanotubes (TNTS),
which can mediate the transfer from mitochondria from one cell to another. It is a very
interesting aspect of Tnfaip2 gene function. Although, not being directly related to our work, we
thank the reviewer for pointing this out and we have now incorporated the exciting finding of
Zhang et al., 2016 (1* paragraph on page 26 in the discussion section of the revised manuscript).

Minor points:
-The third sentence in the abstract: "Tnfaip2 knockout, embryonic stem cells (ESCs) exhibit ..."
is odd and needs rewording.

- again in the abstract: write reduced expression OF Vimentin (Vim)

Response: We have accordingly edited the abstract (3 and 4™ sentence).



Referee #3:

In this manuscript, the authors report that lipid metabolism mediated by Tnfaip2/Exoc3 plays the
key role for stem cell differentiation and organ maintenance. Knockdown of Tnfaip2 was found
to promote the iPSCs generation, however, suppression of Tbhfaip2 or its planarian orthologure,
Smed-exoc3, in stem cells abrogated differentiation and regeneration. Mechanistically, Tnfaip2
deficiency led to deregulation of TAG synthesis and reduced the expression of Vimentin that is
responsible for lipid droplets formation. While the major findings in this study are potentially
interesting, the author did not provide sufficient evidence to support the conclusion.

1. shTnfaip2s were found to enhance the somatic reprogramming process, however, the author
also observed that Tnfaip2-deficient ESCs exhibited differentiation failure. It is not clear that
Tnfaip2 functions to prevent or promote the acquirement and maintenance of pluripotency. The
author should examine the expression level of Tnfaip2 change during somatic cell
reprogramming and ESCs differentiation.

Response: We thank the reviewer for his/her positive comments on our manuscript and for the
valuable comments, which we all addressed in the revised manuscript and which significantly
improved our study.

Following the insightful comment of the reviewer, we have analyzed the expression of Tnfaip2
during somatic cell reprogramming and ESC. The experiments show that the expression of
Tnfaip2 increases at later time points during cellular reprogramming, while in iPSCs we detected
a profound repression of Tnfaip2 (new Figure 1E; 2" paragraph on page 7 of the result section).
On the other hand, Tnfaip2 was found to be activated upon formation of EBs and during the first
days of in vitro differentiation (new Figure 2F; 1% paragraph on page 15 of the result section).

2. In this study, Tnfaip2 seemed to play the conflicting roles in somatic reprogramming and stem
cell differentiation. It would be interesting to investigate whether the iPSCs that generated from
MEFs with OSKM and shTnfaip2 induction exhibit differentiation deficiency.

Response: The reviewer is right that it is possible that the knockdown of Tnfaip2 could also
compromise the differentiation capacity of the iPSCs. However, the knockdown efficiency of
Tnfaip2 was only 70-80% in our studies (revised Expanded View 1B — former Supplementary
Figure 1C). The abrogation of differentiation potential by Tnfaip2 knockdown may in fact be
incomplete in these sShRNA studies. We think that the experiments on Tnfaip2 knockout ESCs
versus WT controls provide a cleaner experimental system to address this question. We have
thus extended the molecular analysis of the Tnfaip2 KO ESCs vs WT ESCs to gain further
insights in the functional role of Tnfaip2 in differentiation (see new Figure 3G; new Expanded
View 6A and 6B and new Appendix Table 10 and page 19 of the revised manuscript).

3. As shown in Figure 6, the supplementation of palmitic acid and palmitoyl-L-carnitine rescued
the differentiation defects of Tnfaip2/exoc3-deficient pluripotent stem cells in culture and in vivo
in planarian. The authors concluded that Vim-dependent lipid droplet (LD) formation mediated
by Tnfaip2/exoc3 was critical for ESC differentiation. However, they did not provide sufficient
evidence to support the conclusion. Since Vimentin also is a regulator of EMT process that is
well-known to be critical for somatic reprogramming or stem cell differentiation, the author may



wish to go further to prove that Vimentin deficiency lead to failure in lipid droplet formation and
then ESCs differentiation.

Response: We thank the reviewer for his/her insightful comment. To further substantiate the
conclusion the Tnfaip2/Exoc3 act through Vim-mediated lipid metabolism contributes to the
differentiation defect, we have now included a series of new experiments into the revised
manuscript:

(i)

(i)

(iii)

(iv)

We analyzed triacyl glycerol (TAG) in Smed-exoc3-depleted planarians compared to
controls. The experiment shows a profound reduction in TAGs as in Tnfaip2 deficient
ESC compared to WT controls (new Figure 5A) (3" paragraph on page 21 of the
result section),

We conducted RNA-sequencing analysis on the rescue of differentiation of Tnfaip2”
EBs by fatty acid (FA) treatment (new Figure 3G; new Expanded View 6A and 6B
and new Appendix Table 10). The analysis shows that FA treatment rescues the
expression of stemness/differentiation regulating genes that are dysregulated in
Tnfaip2” EBs versus WT EBs (revised Figure 2E- former Fig. 4A and revised
Expanded View 4A and 4B — former Supplementary Figure 5B and 5C). We highlight
the differentially regulated stemness/differentiation genes that were differentially
expressed in Tnfaip2” EBs versus WT EBs but rescued in Tnfaip2” EBs by FA-
treatment (marked with asterisk in new Figure 3G and new Expanded View 6A and
6B) (1% paragraph on page 19 of the result section).

We combined knockdown of Tnfaip2 with knockdown of Vim to analyze whether the
knockdown of both genes would have additive effects in enhancing reprogramming
of MEFs into iPSCs (revised Figure 4C and Expanded View 6F — Former
Supplementary Figure 6E and 6F). This is not the case supporting the conclusion that
Tnfaip2 dependent effect on Vim act in the same pathway to increase reprogramming
of MEFs into iPSCs (2" paragraph on page 19 of the result section).

We combined knockdown and overexpression of Vim and Tnfaip2 to analyze whether
the two genes act epistatically in influencing reprogramming of MEFs into iPSCs.
The experiment shows that, the knockdown of Tnfaip2 fails to enhance
reprogramming when combined with overexpression of Vim. In contrast, the
knockdown of Vim enhances reprogramming in the presence of Tnfaip2
overexpression (new Figure 4D and 4E). These results support the conclusion that
Vim acts downstream of Tnfaip2 in inhibiting reprogramming (page 20 of the result
section).

Together, our new data support the conclusion the Tnfaip2/Vim mediated lipid metabolism
impairs reprogramming of MEFs into iPSCS and is required for differentiation of ESCs in EB
cultures. We agree with the reviewer that Vim mediated EMT may also be involved in the
observed phenotypes. It could even be possible Tnfaip2/Vim mediated lipid metabolism is
involved in the regulation of EMT by Vim. We included this thought in the revised discussion
(3" paragraph on page 23 of the discussion section).

4. The authors claimed Tnfaip2 regulated the expression of Vimentin and Cptla. It's better to
provide the results of qRT-PCR and western blot besides the proteomics data.



Response: We followed the reviewer’s suggestion and analyzed Vim expression in Tnfaip” EBs
during EB differentiation by RT-qPCR (new Appendix Figure 4B; 2" paragraph on page 16 of
the result section). Moreover, we included the expression profile of Vim and Tnfaip2 upon
depletion of Tnfaip2 and Vim respectively (new Appendix Figure 5A and 5B). The experiments
show that knockdown of Tnfaip2 led to suppression of Vim (new Appendix Figure 5A), whereas
the knockdown of Vim didn’t have a significant effect on Tnfaip2 expression (new Appendix
Figure 5B; page 20 of the result section).

We have also included RT-qPCR based analysis of Cptla expression in Tnfaip2” EBs during EB
differentiation (new Expanded View 5D). The analysis shows a reduction of Cptla expression
(new Expanded View 5D, 3" paragraph on page 18 of the result section). Overall these data
support the conclusion that Tnfaip2 regulates Vim and Cptla expression.

In addition, the revised manuscript also provides functional prove for Cptla dependent effect of
Tnfaip2 on enhancing the reprogramming efficiency of MEFs into iPSCs. A new experiment was
conducted to treat shScr infected MEFs and shTnfaip2 infected MEFs that were also infected
with a reprogramming vector with Etomoxir, a specific Cptla inhibitor. While treatment of shScr
MEFs with Etomoxir enhanced reprogramming efficiency to a similar extent as the shTnfaip2-
infection of MEFs, treatment with Etoxomir had no effect on the reprogramming of shTnfaip2-
infected MEFs (new Figure 4F and 4G). Together, these data support the conclusion that the
induction of Cptla contributes to Tnfaip2-mediated suppression of reprogramming (2"
paragraph on page 21 of the result section).

5. Another critical missing part is how Tnfaip2/exoc3 regulate the protein levels of Vimentin or
Cptla. In Supplementary Figure 6E, the author claimed that there was no additive effect in the
enhancement of reprogramming efficiency upon co-depletion of Tnfaip2 and Vim indicating that
Tnfaip2 and Vim act especially in this regard. It is not surprising that knockdown of Vimentin,
the regulator of EMT, significantly increased the somatic reprogramming efficiency. The author
may wish to provide more evidence to claim Vimentin is the downstream effector of Tnfaip2. It
is not clear whether VVimentin could rescue the differentiation defect of ESCs or somatic stem
cells with Tnfaip2/exoc3.

Response: We thank the reviewer for his/her insightful comment. We included a new experiment
on reprogramming to functionally address this question. We combined the knockdown of Vim or
Tnfaip2 with the overexpression of Tnfaip2 or Vim to analyze whether the two genes act
epistatically and which one is upstream in influencing reprogramming of MEFs into iPSCs. The
experiment shows that Vim acts downstream of Tnfaip2 in inhibiting reprogramming (new Figure
4D and 4E). Specifically, the knockdown of Tnfaip2 fails to enhance reprogramming when
combined with overexpression of Vim. In contrast, the knockdown of Vim enhances
reprogramming in the presence of Tnfaip2 overexpression (new Figure 4D and 4E). These results
support the conclusion that Vim acts downstream of Tnfaip2 in inhibiting reprogramming (page
20 of the result section).
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6. In Figure 3C&D, Smed-exoc3 knockdown increased the numbers of proliferating stem cells in
planarian. The authors explained that Smed-exoc3 knockdown led to the self-renewal versus
differentiation of stem cells. Nevertheless, it is known that the asymmetrical and symmetrical
division is essential for stem cell maintenance and tissue regeneration. The authors may wish to
address whether stem cells with Smed-exoc3 knockdown prefer symmetrical division rather than
asymmetrical division and whether the lipid drop formation affects the division pattern.

Response: This is an excellent point and a very interesting question. However, the current
technology in the field of planarian research does not allow us to address this question. The
reviewer has sparked our interest in this question, and we are currently planning to move into
genetic mouse studies to address this question. In mice, it is possible to get definitive answers on
asymmetric vs. symmetric stem cell division by using transplantation assays, such as the paired-
daughter assay making use of single cell transplants of hematopoietic stem cell that have
undergone one cell division in culture. We are interested in doing this but we cannot conduct this
under the time frame of the current study and hope for the understanding of the reviewer.
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1st Revision - Editorial Decision 14th Aug 2020

Dear Lenhard,

Thank you for the submission of your revised manuscript. We have now received the comments
from both referees and lam happy to tell you that both are overall happy with the revisions of your
study.

However, referee 1 still raises several important points that will all need to be addressed for
publication of your manuscript here. |would thus like to invite you to address these remaining
concerns and send us a newly revised manuscript as soon as possible.

A few other changes will also be required:

Given that important data seem to be present in the supplementary information, I suggest that you
add more main figures and change the format of your manuscript to a full-length Article with
separate results and discussion sections.

We do agree with referee 1 that the possibilities for adding extra/supplementary information to our
manuscripts might be confusing, and we are currently working on this issue. | suggest that your
excel files with new data in it should be called Dataset EV1, etc. You can have as many EV
Datasets, tables and movies as required, but the number of EV figures is restricted to a maximum of
5. Also, you can move all other supplementary data to the Appendix pdf file, but they need to fit into
a pdf file, and no large excel tables can be included. The Appendix also needs a table of content
with page numbers and the figures are called Appendix Figure S1, etc. Please correct all figures
names and cite all tems in the main manuscript file. You can also find all info about our file types in
our guide to authors online.

Please reduce the list of keywords to 5.

In the authors contributions there are 2 AGs, which should be differentiated by using the 2nd letter
of the surname.

Our reference format has changed to Harvard style, please correct.

| attach to this email a related manuscript file with comments from our data editors. Please address
all comments in the final manuscript.

All publicly deposited data - such as the shRNA sequences data - must be accessible before the
online publication of your study.

Please avoid overstatements in the abstract.

EMBO press papers are accompanied online by A) a short (1-2 sentences) summary of the findings
and their significance, B) 2-3 bullet points highlighting key results and C) a synopsis image that is
550x200-600 pixels large (the height is variable). You can either show a model or key data in the
synopsis image. Please note that text needs to be readable at the final size. Please send us this
information along with the revised manuscript.

Ilook forward to seeing a final form of your manuscript when it is ready.



Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports

Referee #1:

The revised version of the manuscript includes substantial amounts of new data and text revisions.
Important improvements include the additional cell culture RNAseq data, the quantification of
triglycerides in exoc3(RNAI) planarians and text changes that better integrate the two model
systems. However, the manuscript is still not publication-ready. Remaining issues include:

1) The split of the supplemental material into "Expanded View" and "Appendix Figures" is entirely
unserviceable to both reviewers and potential readers- irrespective of whether this originates with
the journal or the authors, the final version of this manuscript needs to have a single, consolidated
list of supplemental figures.

2) I remain skeptical that the claim of "new pathway discovery" is justifiable on basis of the data. To
me at least, a "pathway" is a chain of multiple cause-consequence interactions that collectively
explain a cellular phenotype. To claim a pathway on basis of two proteins seems a bit of a stretch,
especially if their mechanistic interplay is entirely obscure and quite possibly indirect, as in the case
of vim and tnfaip2.

The conceptual lynchpin of the planarian section, namely the demonstration of a stem cell
differentiation failure in exoc3(RNAI) planarians, still remains rather circumstantial. The added
analyses are lacking important controls or are poorly presented and the bits of relevant data are
buried deeply within the supplement. Specific problems include:

3) The FACS quantification that the authors added to corroborate the accumulation of stem cells
at the expense of stem cell progeny/differentiated cells is lacking essential controls. Without an
irradiation control to verify the positioning of the X2/Xins gates and the low number of replicates
relative to the inter-replicate variation, apparent population shifts are just as likely to reflect the
shift in the X1 population or technical noise, rather than a depletion of "differentiated” cells. The
apparently 7.3% Xins cells in exoc3(RNAI) animals in the day 34 FACS plot shown are a case in
point, as an animal comprised of ~93% stem cells and early progeny would hardly be able to
maintain the degree of anatomical organization evident in Fig. 1G or 2A-C. Bottom line: As is, the
data insufficiently supports the claimed decrease in "differentiated” cells. Instead, the authors might
want to consider integrating some of the FACS data into figure 1 as additional evidence for the
relative accumulation of stem cells.

4) Although the gPCR analysis of progeny markers NB.21.11e (now generally referred to as prog-1
by the community- the authors might want to cite the relevant study) indeed documents an initial
decrease of prog-1 expression, expression recovers at later time points in spite of the continued
increase in stem cell marker genes - this is inconsistent with the assumed depletion of
differentiating cells at the expense of stem cells and this caveat needs to be acknowledged.



5) The new experiments meant to support that the increased number of H3P-positive cells reflects
an increase in the numbers of normally cycling stem cells rather than abnormal cycling of an
unchanged number of stem cells, are inconclusive at best. The level of apoptosis within the mitotic
cell population can hardly provide strong evidence for one or the other and without a positive
control, it remains doubtful whether the author's FACS assay would have sufficient sensitivity for
picking up a small and transient fraction of apoptotic cells amongst the sorted X1 cells. Similarly, the
lack of upregulation of the "bona-fide mitotic checkpoint gene p53/p63" simply cannot be cited as
evidence without a prior demonstration that planarian p53/p63 is indeed upregulated in mitosis. In
short: These data weaken the manuscript, rather than strengthening it.

6) Once again, please drop the claim of reduced protonephridial density on basis of the images in
Fig. 2B and appendix Fig. 2- protonephridia remain present and the difference in protonephridial
density in the shown images are within the variation range that can be expected on basis of
technical noise/inter-animal variation or that can be attributed to the evident head regression. Plus,
protonephridial defects tend to manifest in edema, which is not evident in Fig. 1G. Bottom line:
Either remove this data or present quantitative evidence in the sense of numbers of protonephridial
units/projected area.

7) Possibly the strongest evidence for a stem cell differentiation defect in exoc3(RNAI) is buried
within the expanded RNAseq analyses in the appendix figure and the appendix tables. | write
possibly, because as is, the data is imply shard to fathom. Specifically:

a. Please specify whether the exoc3(RNAI) X1 fractions were compared to X1 fractions of
GFP(RNAI) controls or to whole GFP(RNAI) animals- this remains unclear and evidently important
for the interpretation of the data.

b. Please label the bar graphs with the specific gene category, rather than the study authors (the
refs should go in the figure legend). Moreover, the text remains murky regarding the original
definition of the "differentiation gene sets"- this is essential information for judging the relevance of
the analysis and the authors cannot expect readers to scrutinize the original publications for this
information.

c. Provided that the analyzed gene sets are indeed enriched for bona-fide differentiation
associated genes, the authors need to present the data in a way that directly visualizes the down-
or upregulation of specific genes (rather than merely the fraction of differentially expressed genes
within the set, as in the present figures). The heat maps in the stem cell sections of the manuscript
provide one example of how to accomplish this.

d. Iremain puzzled as to why the authors restricted their analysis to FACS sorted neoblasts, rather
than simply comparing gene expression differences between whole exoc3(RNAI)/GFP(RNAI)
animals. T his would have afforded a direct opportunity to quantify global up/down regulation of
stem cell genes and/or progeny markers, while the present X1 analysis can only detect relative
shifts within the population. e.g., differences in cell cycle progression...

Though the link between exoc3 and planarian stem cell differentiation remains weak, the
guantitative depletion of triglycerides and the phenotypic rescue by FA supplementation nicely
complements the vertebrate stem cell data. | can therefore cautiously recommend publication of a
substantially revised manuscript, provided that the authors i) re-work their added planarian
exoc3(RNAI) RNAseq analysis to incorporate the above concerns; ii) ensure that the salient bits of
data are in the main figures and not in supplement; iii) omit the inconclusive support pertaining to a
lack of cell cycle effects (p53/p63; annexin FACS plots); iv) undertake appropriate text revisions to
ensure congruency between data shown and claims made (e.g., already in the abstract:"..Smed-
exoc3 abrogates in vivo differentiation of somatic stem cells...").



Minor point:

8) Once again, my request for "Scientific terminology" refers to QUANTITAT IVE statements- please
replace "good knock-down" by something along the lines of "...reduced mRNA levels by > 70 %
(reference to figure) in comparison to untreated controls".

9) Please omit the statement that you carried out a "lipidomic" analysis- the targeted quantification
of triglycerides is not a lipidome analysis.

Referee #3:

The authors have addressed all my concerns. The reviewer has no more question.



2nd Authors' Response to Reviewers 27th Oct 2020

Referee #1:

The revised version of the manuscript includes substantial amounts of new data and text
revisions. Important improvements include the additional cell culture RNAseq data, the
quantification of triglycerides in exoc3(RNAI) planarians and text changes that better
integrate the two model systems. However, the manuscript is still not publication-ready.
Remaining issues include:

1) The split of the supplemental material into "Expanded View" and "Appendix Figures" is
entirely unserviceable to both reviewers and potential readers- irrespective of whether this
originates with the journal or the authors, the final version of this manuscript needs to have a
single, consolidated list of supplemental figures.

Response: We followed the reviewer and have included all the “Appendix Figures” into main
or EV Figures. The revised manuscript now includes only Main Figures (12) and Expanded
View Figures (3). In addition, the manuscript includes 10 datasets showing Excel tables
underlying the data analysis.

2) | remain skeptical that the claim of "new pathway discovery" is justifiable on basis of the
data. To me at least, a "pathway" is a chain of multiple cause-consequence interactions that
collectively explain a cellular phenotype. To claim a pathway on basis of two proteins seems
a bit of a stretch, especially if their mechanistic interplay is entirely obscure and quite
possibly indirect, as in the case of vim and tnfaip2.

Response: We have addressed this point throughout the manuscript by:

(i) referring to a “new mechanism” instead of a “new pathway” that controls ES cell
differentiation and organ maintenance in planarians (see yellow highlights in the abstract and
2" paragraph and throughout the manuscript).

and

(i) avoiding statements on stem cell differentiation in planarians by rather referring to defects
in organ maintenance (see yellow highlights in the abstract and 2" paragraph and throughout
the manuscript). The reviewer is right that cell cycle arrest could also affect the production of
differentiated cells. As these two processes are interconnected (proliferation and
differentiation) and since we cannot exclude the possibility of cell cycle being involved in the
observed phenotypes, we have reworded the manuscript throughout.

The conceptual lynchpin of the planarian section, namely the demonstration of a stem cell
differentiation failure in exoc3(RNAI) planarians, still remains rather circumstantial. The
added analyses are lacking important controls or are poorly presented and the bits of relevant
data are buried deeply within the supplement. Specific problems include:

3) The FACS quantification that the authors added to corroborate the accumulation of stem
cells at the expense of stem cell progeny/differentiated cells is lacking essential controls.
Without an irradiation control to verify the positioning of the X2/Xins gates and the low
number of replicates relative to the inter-replicate variation, apparent population shifts are just
as likely to reflect the shift in the X1 population or technical noise, rather than a depletion of



"differentiated"” cells. The apparently 7.3% Xins cells in exoc3(RNAI) animals in the day 34
FACS plot shown are a case in point, as an animal comprised of ~93% stem cells and early
progeny would hardly be able to maintain the degree of anatomical organization evident in
Fig. 1G or 2A-C. Bottom line: As is, the data insufficiently supports the claimed decrease in
"differentiated” cells. Instead, the authors might want to consider integrating some of the
FACS data into figure 1 as additional evidence for the relative accumulation of stem cells.

Response: We followed the reviewer’s suggestion and integrated the FACS data on the
relative number of neoblast stem cell increases in Smed-exoc3-depleted planarians into the
main figure (Figure 3C). Other FACS data were removed.

4) Although the qPCR analysis of progeny markers NB.21.11e (now generally referred to as
prog-1 by the community- the authors might want to cite the relevant study) indeed
documents an initial decrease of prog-1 expression, expression recovers at later time points in
spite of the continued increase in stem cell marker genes - this is inconsistent with the
assumed depletion of differentiating cells at the expense of stem cells and this caveat needs to
be acknowledged.

Response: We followed the reviewer’s suggestion: In the revised manuscript NB.21.11e and
NB.32.1g are referred to as prog-1 and prog-2, respectively. Regarding the statement on the
expression level of prog-1 (NB.21.11e) at later time points (Appendix Figure 1C — now Figure
3F), we respectfully disagree with the reviewer indicating that this result would be
inconsistent with our interpretation of the data. We agree that there is an increase in the
expression of prog-1 at later time point after RNAI (day 38). However, the level of prog-1
expression in Smed-exoc3-depleted worms at this timepoint still remains significantly lower
than the level in control worms (p=0.0096, new Figure 3F). Thus, the result on the impaired
expression of this marker gene of differentiation stands very much in line with reduced
generation of differentiated cells in Smed-exoc3-depleted worms versus controls.

5) The new experiments meant to support that the increased number of H3P-positive cells
reflects an increase in the numbers of normally cycling stem cells rather than abnormal
cycling of an unchanged number of stem cells, are inconclusive at best. The level of apoptosis
within the mitotic cell population can hardly provide strong evidence for one or the other and
without a positive control, it remains doubtful whether the author's FACS assay would have
sufficient sensitivity for picking up a small and transient fraction of apoptotic cells amongst
the sorted X1 cells. Similarly, the lack of upregulation of the "bona-fide mitotic checkpoint
gene p53/p63" simply cannot be cited as evidence without a prior demonstration that
planarian p53/p63 is indeed upregulated in mitosis. In short: These data weaken the
manuscript, rather than strengthening it.

Response: We followed the reviewer’s suggestion and removed this part of the FACS analysis
as well as the p53 data from the revised manuscript.

6) Once again, please drop the claim of reduced protonephridial density on basis of the
images in Fig. 2B and appendix Fig. 2- protonephridia remain present and the difference in
protonephridial density in the shown images are within the variation range that can be
expected on basis of technical noise/inter-animal variation or that can be attributed to the
evident head regression. Plus, protonephridial defects tend to manifest in edema, which is not
evident in Fig. 1G. Bottom line: Either remove this data or present quantitative evidence in
the sense of numbers of protonephridial units/projected area.



Response: We followed the advice of the reviewer to remove this part of the analysis of
impaired organ homeostasis in Smed-exoc3-depleted planarians, since the remaining data on
the depletion of neuronal cells (new Figure 4A) and photosensitive cells (new Figure 4B) are
fully sufficient to make this point.

7) Possibly the strongest evidence for a stem cell differentiation defect in exoc3(RNAI) is
buried within the expanded RNAseq analyses in the appendix figure and the appendix tables.
| write possibly, because as is, the data is imply shard to fathom. Specifically:
a. Please specify whether the exoc3(RNAI) X1 fractions were compared to X1 fractions of
GFP(RNAI) controls or to whole GFP(RNAI) animals- this remains unclear and evidently
important for the interpretation of the data.

Response: We clarified the description that we indeed compared exoc3(RNAI) X1 fractions to
gfp(RNAI) X1 fractions in these experiments. We have now also included this information to
the figure legends of the new Figure 5 and new EV2.

b. Please label the bar graphs with the specific gene category, rather than the study authors
(the refs should go in the figure legend). Moreover, the text remains murky regarding the
original definition of the "differentiation gene sets"- this is essential information for judging
the relevance of the analysis and the authors cannot expect readers to scrutinize the original
publications for this information.

Response: We have followed this suggestion from the reviewer. The information was given in
the result text but we have now included the original names of the gene sets along with the
publication in the revised Figure labeling (see new Figure 5A). We agree that this is much
clearer.

c. Provided that the analyzed gene sets are indeed enriched for bona-fide differentiation
associated genes, the authors need to present the data in a way that directly visualizes the
down- or upregulation of specific genes (rather than merely the fraction of differentially
expressed genes within the set, as in the present figures). The heat maps in the stem cell
sections of the manuscript provide one example of how to accomplish this.

Response: This was a very good suggestion and we have followed the reviewer’s advice. In
the revised manuscript we have included heatmaps depicting the overlap of genes that (i) are
regulated in neoblast stem cells of Smed-exoc3-depleted worms versus controls and (ii) are
expressed in neoblast stem cells (Plass et al., 2018; Fincher et al., 2018; Solana et al., 2012) or
in differentiated cells (Zhu et al., 2015). These heatmaps depict whether the genes in the
overlap are up or downregulated in response to Smed-exoc3-depletion. For readability we
have focused the heatmap depiction on those genes that show the strongest difference in
expression in response to Smed-exoc3-depletion (log(2)fold-change) > 0.5 or < -0.5 (new
Figure 5B-E; last paragraph on page 10 to 1% paragraph on page 12 of the result section ). In
addition, the full gene list of the overlaps is provided in the Dataset EV 4 and 6. In these
datasets, we have included an analysis of the literature highlighting the function of the Smed-
exoc3-regulated genes in stem cells and differentiation (Column R of the dataset). This
literature analysis was focused on those genes showing the strongest difference in expression
in response to Smed-exoc3-depletion (log.fold-change) > 0.5 or < -0.5 as depicted in Dataset
EV 4 and 6. We think that this new depiction is much better and very interesting for the
readers.

While all of the differentiation marker genes (from the Zhu et al.) were downregulated in
Exoc3-depleted planarians vs controls (Figure 5E), the neoblast related genes were both up-



and downregulated in Exoc3-depleted planarians. We think that this finding stands in line
with the possibility (suggested by this reviewer) that the neoblast cells are possibly arrested at
certain transitional states between stemness and differentiation thus leading to an up- or
downregulation of the respective genes that characterize these transition stages. We included
this thought in the result description (highlighted on page 11 of the revised manuscript).

d. I remain puzzled as to why the authors restricted their analysis to FACS sorted neoblasts,
rather than simply comparing gene expression differences between whole
exoc3(RNAI)/GFP(RNAI) animals. This would have afforded a direct opportunity to quantify
global up/down regulation of stem cell genes and/or progeny markers, while the present X1
analysis can only detect relative shifts within the population. e.g., differences in cell cycle
progression...

Response: We agree with the reviewer that RNA-seq on whole animals would have helped to
confirm the accumulation of stem cells in Smed-exoc3-depeleted planarians. However, this
kind of an analysis was already included (new Figure 2C and 3E,F).

In our analysis on transcriptome changes, we actually intended to analyze gene expression in
neoblast stem cells to see whether defects in the generation of differentiated cells were
associated with changes in gene expression in neoblast cells from Smed-exoc3-depeleted vs.
wildtype worms, which turned out to be the case. We think that the new depiction (see above
response) makes this analysis even more interesting as it shows that Smed-exoc3-depletion
leads to a deregulation of genes that have a role in stem cell function and differentiation. We
agree with the reviewer that this deregulation could have multiple reasons including effects of
Exoc3-deletion on cell cycle progression of neoblast stem cells.

Though the link between exoc3 and planarian stem cell differentiation remains weak, the
quantitative depletion of triglycerides and the phenotypic rescue by FA supplementation
nicely complements the vertebrate stem cell data. | can therefore cautiously recommend
publication of a substantially revised manuscript, provided that the authors i) re-work their
added planarian exoc3(RNAIi) RNAseq analysis to incorporate the above concerns; ii) ensure
that the salient bits of data are in the main figures and not in supplement; iii) omit the
inconclusive support pertaining to a lack of cell cycle effects (p53/p63; annexin FACS plots);
iv) undertake appropriate text revisions to ensure congruency between data shown and claims
made (e.g., already in the abstract: "...Smed-exoc3 abrogates in vivo differentiation of somatic
stem cells...").

Response: We thank the reviewer for being supportive for publication and we cautiously
addressed all his/her comments as outlined in the above responses and as highlighted
throughout the revised manuscript.

Minor point:

8) Once again, my request for "Scientific terminology" refers to QUANTITATIVE
statements- please replace "good knock-down™ by something along the lines of "... reduced
MRNA levels by > 70 % (reference to figure) in comparison to untreated controls".

Response: We have specified this statement as suggested (1% paragraph on page 9).

9) Please omit the statement that you carried out a "lipidomic™ analysis- the targeted
quantification of triglycerides is not a lipidome analysis.



Response: We have edited the sentence accordingly (2™ paragraph on page 16).



2nd Revision - Editorial Decision 29th Oct 2020

Prof. Karl-Lenhard Rudolph

Leibniz Institute on Aging - Fritz Lipmann Institute (FLI)
Stem Cell Aging

Beutenbergstrale 11

Jena 07745

Germany

Dear Prof. Rudolph,

Il am very pleased to accept your manuscript for publication in the next available issue of EMBO
reports. Thank you for your contribution to our journal.

At the end of this email | include important information about how to proceed. Please ensure that
you take the time to read the information and complete and return the necessary forms to allow us
to publish your manuscript as quickly as possible.

Please note that under the DEAL agreement of German scientific institutions with our publisher
Wiley, you could be eligible for publication of your article in the open access format in a way that is
free of charge for the authors. Please contact either the administration at your institution or our
publishers at Wiley (emboreports@wiley.com) for further questions.

As part of the EMBO publication's Transparent Editorial Process, EMBO reports publishes online a
Review Process File to accompany accepted manuscripts. As you are aware, this File will be
published in conjunction with your paper and will include the referee reports, your point-by-point
response and all pertinent correspondence relating to the manuscript.

If you do NOT want this File to be published, please inform the editorial office within 2 days, if you
have not done so already, otherwise the File will be published by default [contact:
emboreports@embo.org]. If you do opt out, the Review Process File link will point to the following
statement: "No Review Process File is available with this article, as the authors have chosen not to
make the review process public in this case."

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

Thank you again for your contribution to EMBO reports and congratulations on a successful
publication. Please consider us again in the future for your most exciting work.

Best regards,
Esther

Esther Schnapp, PhD
Senior Editor
EMBO reports
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THINGS TO DO NOW:

You will receive proofs by e-mail approximately 2-3 weeks after all relevant files have been sent to
our Production Office; you should return your corrections within 2 days of receiving the proofs.

Please inform us if there is likely to be any difficulty in reaching you at the above address at that
time. Failure to meet our deadlines may result in a delay of publication, or publication without your
corrections.

All further communications concerning your paper should quote reference number EMBOR-2019-
49328V3 and be addressed to emboreports@wiley.com.

Should you be planning a Press Release on your article, please get in contact with
emboreports@wiley.com as early as possible, in order to coordinate publication and release dates.
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Corresponding Author Name: Karl Lenhard Rudolph

Journal Submitted to: EMBO Reports

Manuscript Number: EMBOR-2019-49328V1

http://www.antibodypedia.com

Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- 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.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

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?

LA 2 X 2 X X X 7

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.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and
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http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
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‘'www.consort-statement.org/checklists/view/32-consort/66-title
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human subjects.

B- Statistics and general methods

Please fill these boxes

(Do not worry if you cannot see all your text once you press retur!

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

All experiemnts were conducted in at least 3 experiental replicates with mutiple animals assessed
in each of these replicates.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

All experiemnts were conducted in at least 3 experiental replicates with mutiple animals assessed
in each of these replicates.

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

Animals with normal pghenotype without any apparent deformities were sekected for
experimentation.

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

Yes, the animals were chosen randomly.

For animal studies, include a statement about randomization even if no randomization was used.

Animal were normal phenotype with no deformities as observed under microscope were hosen for
experimentation.

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Yes, data were assessed by other co-authors.

4.b. For animal studies, include a statement about blinding even if no blinding was done

The animal used in these study were provided by the person in-charge of the animal facility.

5. 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.

Yes, normality tests have been done.

Is there an estimate of variation within each group of data?




Is the variance similar between the groups that are being statistically compared? Yes.

C- Reagents
6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog |anti-VC-1 (1:15000; kindly provided by Professor K. Watanabe and H. Orii; Sakai et al., 2000); 3C11
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g., (or anti-SYNAPSIN; 1:25, Developmental Studies Hybridoma Bank; Cebria 2008); anti-acetylated-
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right). Tubulin (1:500, cat. no. T7451 from Sigma; Reddien et al., 2007; Robb and Sanchez Alvarado,
7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for ES cell line (E-14) was provided by Dr. Francesco Neri which was earlier used in Neri, F. et al.
mycoplasma contamination. (2013). Dnmt3L antagonizes DNA methylation at bivalent promoters and favors DNA methylation

at gene bodies in ESCs. Cell 155, 121-34.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |Asexual biotype planarians belonging to the species Schmidtea mediterranea were used in this
and husbandry conditions and the source of animals. study. They were maintained in MilliQ water which constituted of 1.6mM NaCl, 1ImM CaCl2, 1mM
MgS04, 0.1mM MgCl2, 0.1mM KCI and 0.1gr NaHCO3 at an ambient temperature of 19°C with 12
hours light and 12 hours dark cycles.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the |NA
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure [NA
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol. NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments NA
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. NA
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) [NA
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.

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

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data All information for data availability has been provided in the manuscript.
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the Datasets has been provided as a supplementary document in the form of tables
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while NA
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a |Accession numbers have been provided.
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top NA
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.
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