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1st Editorial Decision 24th May 2023

Dear Dr. Ichiro,

Thank you again for the submission of your manuscript entitled "TOLLIP acts as a cargo adaptor to promote lysosomal
degradation of aberrant ER membrane proteins" (EMBOJ-2023-114272) and for your patience during the review process. We
have now received the reports from the referees, which | copy below.

As you can see from their comments, while referee #1 stated clearly that your data are not able to support the scheme of a
TOLLIP/PI3P-dependent ER to lysosome transport route for mis-folded ER proteins, all referees appreciated the potential
significance of your work.

Therefore, based on the overall interest expressed in the reports, | would like to invite you to address all concerns from the
referees in a revised version of the manuscript. Final acceptance of the manuscript will be dependent on a positive evaluation of
the study by all three referees. | should add that it is The EMBO Journal policy to allow only a single major round of revision and
that it is therefore important to resolve the main concerns at this stage. | believe that the referees’ comments are reasonable and
addressable, but represent an ambitious work programme. | therefore think a Zoom call would be sensible at this stage. Please
contact me if you have any questions, need further input on the referee comments or if you anticipate any problems in
addressing any of their points. Please, follow the instructions below when preparing your manuscript for resubmission.

| would also like to point out that as a matter of policy, competing manuscripts published during this period will not be taken into
consideration in our assessment of the novelty presented by your study ("scooping" protection). We have extended this
'scooping protection policy' beyond the usual 3 month revision timeline to cover the period required for a full revision to address
the essential experimental issues. Please contact me if you see a paper with related content published elsewhere to discuss the
appropriate course of action.

When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review
Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process,
please visit our website: https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

Again, please contact me at any time during revision if you need any help or have further questions.

Thank you very much again for the opportunity to consider your work for publication. | look forward to your revision.

Best regards,

William

William Teale, Ph.D.
Editor
The EMBO Journal

When submitting your revised manuscript, please carefully review the instructions below and include the following items:

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).

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

4) a complete author checklist, which you can download from our author guidelines (https://wol-prod-cdn.literatumonline.com/pb-
assets/embo-site/Author Checklist%20-%20EMBO%20J-1561436015657.xlsx). Please insert information in the checklist that is
also reflected in the manuscript. The completed author checklist will also be part of the RPF.

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

6) We require a 'Data Availability' section after the Materials and Methods. Before submitting your revision, primary datasets
produced in this study need to be deposited in an appropriate public database, and the accession nhumbers and database listed



under 'Data Availability'. Please remember to provide a reviewer password if the datasets are not yet public (see
https://www.embopress.org/page/journal/14602075/authorguide#datadeposition). If no data deposition in external databases is
needed for this paper, please then state in this section: This study includes no data deposited in external repositories. Note that
the Data Availability Section is restricted to new primary data that are part of this study.

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

7) When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability
in print as well as on screen:
http://bit.ly/EMBOPressFigurePreparationGuideline

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

8) For data quantification: please specify the name of the statistical test used to generate error bars and P values, the number
(n) of independent experiments (specify technical or biological replicates) underlying each data point and the test used to
calculate p-values in each figure legend. The figure legends should contain a basic description of n, P and the test applied.
Graphs must include a description of the bars and the error bars (s.d., s.e.m.).

9) We would also encourage you to include the source data for figure panels that show essential data. Numerical data can be
provided as individual .xls or .csv files (including a tab describing the data). For 'blots' or microscopy, uncropped images should
be submitted (using a zip archive or a single pdf per main figure 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 .

10) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are collapsible/expandable
online (see examples in https://www.embopress.org/doi/10.15252/embj.201695874). 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: .

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

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

12) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets that were re-used and
obtained from public databases. Data citations in the article text are distinct from normal bibliographical citations and should
directly link to the database records from which the data can be accessed. In the main text, data citations are formatted as
follows: "Data ref: Smith et al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database name, accession
number/identifiers and a resolvable link to the landing page from which the data can be accessed at the end of the reference.
Further instructions are available at .

Further instructions for preparing your revised manuscript:

Please make sure you upload a letter of response to the referees' comments together with the revised manuscript.

Please also check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https:/bit.ly/EMBOPressFigurePreparationGuideline

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

At EMBO Press we ask authors to provide source data for the main manuscript figures. Our source data coordinator will contact



you to discuss which figure panels we would need source data for and will also provide you with helpful tips on how to upload
and organize the files.

IMPORTANT: When you send the revision we will require

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

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

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

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

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (22nd Aug 2023). Please discuss the revision progress ahead of this time with

the editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex

Referee #1:

Hayashi et al. report that TOLLIP mediates selective lysosomal degradation of misfolded ER membrane proteins. The authors
find that misfolded ER proteins are recognized by the IDR and ubiquitin-binding CUE domain of TOLLIP and appear in PI3P-
containing endosomes or lysosomes where they are degraded. In contrast to previously characterized ER-phagy pathways, the
TOLLIP-dependent pathway appears to selectively clear misfolded ER proteins. Even though TOLLIP has already been shown
to be involved in autophagic degradation of ER proteins, the proposed mechanism is novel and potentially interesting.
Unfortunately, however, the data are too preliminary to allow firm conclusions to be drawn.

Major points:

1. Conclusions in this manuscript are mainly based on Western blots of cells expressing chimeric fusions with mCherry or Venus
and exposed to different treatments. While these experiments show differences in mCherry cleavage that are consistent with the
proposed model, they do not pinpoint the mechanisms involved. Electron microscopy is necessary in order to establish that
misfolded proteins are transferred from ER to lysosomes via vesicular intermediates.

2. The claim that TOLLIP clears aberrant ER proteins via PI3P-dependent lysosomal trafficking is primarily based on co-
localization of mCherry with PI3P-positive profiles, but the presence of PI3P does not necessarily imply that PI3P is involved.
The effect of the PI3K inhibitor SAR405 on processing of mCh-A53T-HP is minimal at best (Figure 4A), which argues against a
role of PI3P in degradation of ER proteins.

3. The mechanism of TOLLIP-mediated degradation has been poorly characterized. The model in Figure 7D seems to imply that
degradation occurs by direct fusion of PI3P- and TOLLIP-containing endosomes with lysosomes, but this has not been
demonstrated. The alternative mechanism of microautophagy needs to be explored by depletion/knockdown of ESCRT proteins.

Referee #2:

Toll-interacting protein, TOLLIP was implicated in numerous processes, including aggrephagy receptor, endosomal sorting
regulator and formation of mitochondrial-derived vesicles (MDV). In the current manuscript, Hayashi et. al reports a new role for
TOLLIP as a specific cargo-adaptor that recognizes misfolded ER membrane proteins and directly routes them for lysosomal
degradation in a process that requires further characterization.



The authors initially utilized an experimental system of chimeric protein A53T-HP comprised of Parkinson's disease-linked A53T
o-synuclein mutant fused to a hairpin of E-Syt1 (ER membrane protein) to identify factors that mediate its selective lysosomal
degradation. Using this system, TOLLIP, but not the other autophagy receptors, is needed for such degradation in its LIR-
independent manner. Evidence indicates that the IDR and CUE domains of TOLLIP are responsible for recognizing ER aberrant
membrane protein A53T-HP. At the same time, IDR acts as a protein misfolding sensor that recognizes the misfolded substrate,
while the CUE domain is responsible for recognizing ubiquitinated A53T-HP. The authors also found that TOLLIP's
phosphoinositide-binding C2 domain is needed for the vesicular trafficking of AS3T-HP to the lysosomes. Finally, the authors
demonstrate that TOLLIP-dependent lysosomal degradation of physiological substrates such as P56S VAPB (ALS-linked) and
N88S,S90L Seipin (spastic paraplegia-linked).

Overall, the experiments are well thought out, and the data seem convincing. However, the authors are encouraged to
characterize better the PI3P-positive vesicles that serve as the vehicle for the TOLLIP-dependent degradation pathway. This can
be achieved by improved fluorescent images, electron microscopy (preferably CLEM), and careful subcellular fractionations. This
will significantly improve the quality of this study.

Minor comments

1. Figure 1E - the authors use the fluorescent construct mCh-A53T-HP and measure the cleavage of mCherry by western blot.
To support that data, they should also employ mCherry-EGFP-A53T-HT and measure the quenching of EGFP.

2. Figure 4B - the Baf. A1 treatment should be mentioned in that panel (in addition to the legend).

3. Figure 4C - the recovery experiment was performed on siTOLLIP background; the KO used in other experiments may be
more convincing.

Referee #3:

In the present manuscript authors characterized a new function for the protein TOLLIP. Authors proposed that TOLLIP, via its
IDR domain, can recognize the misfolded ER proteins which are anchored to the ER membrane and present a cytosolic domain
that is ubiquitinated. Moreover, TOLLIP can recognize the misfolded proteins and mediates their lysosomal degradation via the
PI3P trafficking pathway. The molecular mechanisms regarding the connection between TOLLIP and PI3P are not too clear and
needs some extra investigation as the authors commented in the discussion.

TOLLIP function as an autophagy receptor is known. However, its role in degrading ER membrane bounded proteins seems to
be autophagy independent. Of note, the recognition of specific degradation of single type proteins, not discrete portion of ER, is
new and interesting for its biological and medical applications. Moreover, differently from FAM134B and RTN3, TOLLIP seems
to directly recognize the misfolded proteins, without chaperones involvement, and it is selective for membrane proteins that face
the cytosolic environment rather than for the ER luminal protein aggregates.

The manuscript has a novelty, and it is potentially interesting for the scientific community. Some experiments would be
necessary to finalize the final taking message.

1. Authors used pharmacological approaches to inhibit autophagy (Bafilomycin A) and the PI3P (SAR405). These are widely
used reagents. However, it would be appropriate to confirm the major finding also using a genetic approach. siRNA or CRISPR
some of the key autophagy and PI3P genes.

2. Authors performed several experiments to show the delivery of misfolded protein to the lysosome. However, it would be
appropriate to perform some high-resolution and/or electron microscopy experiments to clearly show that TOLLIP is moving the
misfolded protein directly to lysosomes without the presence of any other intermediates (like autophagosomes).

Concerning the proposed experiments

1. Line 138-139 " Among the receptors tested, only overexpression of TOLLIP....." maybe it is more appropriate .... Mostly
overexpression of TOLLIP....

2. Fig2B and line 141-142. Not only TOLLIP but also OPTN seems to have an effect (minor but present) so authors should edit
this part.

3. Line 150-152 and related EV1. This part is not clear and difficult to follow in the figure. Please edit to make easier to visualize.
4. Authors used mCherry-A53T-HP to measure the rate of degradation looking at the mCherry cleavage. Sometime is not so
clear the cleavage ratio so maybe authors should consider repeating some experiment looking to GFP degradation too or
performing some additional experiments to improve the quality of the data.

5. Fig 5D. It is a bit difficult to appreciate differences in that WB. Maybe consider adding a lower exposure film to better visualize
the data.

Minor Points

1. Appendix Figure could be moved into EV Figures to make the manuscript more compact.
2. The written part, especially in the results session, is a bit lengthily. Some details and comments could be shortened.



1st Authors' Response to Reviewers 18th Sep 2023

Point-by-point response to the referees’ comments

Firstly, we would like to thank all the referees for providing insightful feedback and constructive
suggestions. We have addressed all concerns from the referees by performing the requested
experiments (new figures: Fig 2F and G, 4A and D-F, 5C, and EV3A-C). The previous Fig 4 was
split into Fig 4 and 5, thus the previous Fig 5, 6, and 7 are presented as new Fig 6, 7, and 8 in the
revised manuscript. The previous Fig EV3D and E were moved to Appendix Fig S2 due to space
limitations.

We hope that the referees’ concerns are relieved in the revised manuscript.

Referee #1:

Hayashi et al. report that TOLLIP mediates selective lysosomal degradation of misfolded ER
membrane proteins. The authors find that misfolded ER proteins are recognized by the IDR and
ubiquitin-binding CUE domain of TOLLIP and appear in PI3P-containing endosomes or lysosomes
where they are degraded. In contrast to previously characterized ER-phagy pathways, the
TOLLIP-dependent pathway appears to selectively clear misfolded ER proteins. Even though
TOLLIP has already been shown to be involved in autophagic degradation of ER proteins, the
proposed mechanism is novel and potentially interesting. Unfortunately, however, the data are too
preliminary to allow firm conclusions to be drawn.

Response:

We highly appreciate the referee’s careful assessment of our manuscript and deep understanding of
the novelty of our findings. We apologize for lack of strong evidence supporting our conclusions in
the initial manuscript. We have addressed the referee’s concerns by performing several new

experiments or by improving the quality of data in the initial manuscript.

Major points:

1. Conclusions in this manuscript are mainly based on Western blots of cells expressing chimeric
fusions with mCherry or Venus and exposed to different treatments. While these experiments show
differences in mCherry cleavage that are consistent with the proposed model, they do not pinpoint

the mechanisms involved.



Response:

We agree with the referee that our conclusions were relying too much on mCherry cleavage assays in
the initial manuscript. To support our conclusions, we have confirmed our important findings, i.e.,
the requirement of each TOLLIP domain (new Fig 2G) and PI3P (new Fig EV3A and B) in the
TOLLIP-dependent lysosomal trafficking of the artificial model substrate AS3T-HP, by assessing the

accumulation of A53T-HP in LAMP1-positive lysosomes.

(continued)

Electron microscopy is necessary in order to establish that misfolded proteins are transferred from
ER to lysosomes via vesicular intermediates.

Response:

We quite agree with the referee’s opinion that electron microscopy is necessary to establish our
model, which is also suggested by all the other referees. Collaborating with new authors, we have
performed CLEM analysis.

First, to facilitate identifying transport intermediates for the TOLLIP-dependent pathway in CLEM
analysis, we have adopted BiFC technology to visualize the protein complex of AS3T-HP and
TOLLIP. For this purpose, the N-terminal of mVenus (VN) was appended to AS3T-HP and the
C-terminal (VC) to TOLLIP. As shown in the Figure for referees 1 below, BiFC signal
(reconstituted mVenus) was detected only when both VC-TOLLIP and VN-AS53T-HP were expressed
(please compare i, iii, and iv). The BiFC signal colocalized with PI3P puncta as probed by 2xFYVE
(i). When TOLLIP lacked substrate binding domains IDR and CUE, BiFC signal was weak and did
not colocalize with PI3P puncta (compare i and ii and see the quantification in the graph), suggesting
that the TOLLIP-AS53T-HP complex moves toward PI3P puncta after substrate recognition by

TOLLIP. For simplicity, only the conditions i and ii are presented as new Fig 4D.
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Figure for referees 1. Visualization of TOLLIP-AS3T-HP complex on PI3P puncta by BiFC.

Fluorescence microscopy imaging to monitor the trafficking of the TOLLIP-AS53T-HP complex as
visualized by BiFC to PI3P-enriched puncta. HEK293A cells were transfected with VC (156-239 aa
of mVenus)-FLAG-TOLLIP variants, VN (1-155 aa of mVenus)-A53T-HA-HP, and
mCherry-2xFYVE, and stained with anti-FLAG and HA antibodies. The graph represents Pearson’s
correlation coefficient measured between BiFC signal and mCherry-2XxFYVE. A total of 23 (WT) or
22 (AIDRACUE) cells pooled from n = 2 experiments were analyzed. Box centers indicate medians,
box edges represent first and third quartiles, and whiskers show the 10th to 90th percentile. **P <

0.01 by unpaired two-tailed Student’s t test. Scale bars, 10 um and 1 pm (insets).

By combining this BiFC technology and CLEM analysis, we visualized transport intermediates of
the TOLLIP-dependent pathway. Two representative CLEM images are presented in our revised
manuscript (new Fig 4E and EV3C). The PI3P puncta positive for the TOLLIP-A53T-HP complex
were vesicles surrounded by single membranes (Fig 4E and EV3C, black arrowheads). These
vesicles were also partly associated with a smooth ER-like structure (Fig 4E and EV3C, white
arrowheads), indicating that they were in close proximity to the ER. Since TOLLIP has been
reported to constitute contact sites between the ER and intracellular vesicles (Jongsma et al, 2016,
PMID 27368102), the observed ER like structure—PI3P puncta contacts may have a role in
transferring AS3T-HP from the ER to vesicular compartments, which will be assessed in our future
study. In the new Fig 4F, the BiFC-positive PI3P puncta were negative for LysoTracker, suggesting
that TOLLIP utilizes these PI3P-enriched vesicles as transport intermediates to deliver its cargo to

acidic lysosomal compartments.



2. The claim that TOLLIP clears aberrant ER proteins via PI3P-dependent lysosomal trafficking is
primarily based on co-localization of mCherry with PI3P-positive profiles, but the presence of PI3P
does not necessarily imply that PI3P is involved. The effect of the PI3K inhibitor SAR405 on
processing of mCh-AS3T-HP is minimal at best (Figure 4A), which argues against a role of PI3P in
degradation of ER proteins.

Response:

We apologize for presenting weak evidence for the role of PI3P. We have repeated the experiment in
Fig 4A by improving the experimental scheme as shown in the bottom of Figure for referees 2 and
using another specific VPS34 inhibitor VPS34-IN1 in addition to SAR405. The result shows that
VPS34 inhibitors suppress TOLLIP overexpression-dependent lysosomal degradation of A53T-HP.
As mentioned above, we have also confirmed this result by showing the requirement of VPS34 in
the TOLLIP overexpression-dependent lysosomal trafficking of A53T-HP using siVPS34 and the
inhibitor SAR405 (new Fig EV3A and B).

Previous Fig 4A New Fig 4A
SAR VPS34
DMSO SAR405 DMSO 405" N7
Venus-TOLLIP -  + - + FLAG-TOLLIP - + - + - +

mCh-AS3T-HP + + + + KDa MCh-AS3T-HP + + + + + + kDa
75
mCherry mCherry
(mCh-AS3T-HP) 63 {mCh-A53T-HP)
Replaced

mCherry mCherry
(cleaved) |§ 28 . (cleaved)

S S I
- =%
w 3 2 'f!:: 2
Eé 2y ! ns g% 1
§E 1 ﬁ o
o 0 S o 0

63
Venus e ; FLAG
S =
48 Acti
15 uM SAR405 or

Plasmid 10 yM SAR405 Plasmid 20 uM VPS34-IN1
fecti transfection  treatment

Split cells into Split cells into
24 well plates Harvest 24 well plates Harvest
12h  24h 24h 12h 12h  24h

Figure for referees 2. Replaced figure.

We also confirmed the importance of PI3P by using point mutants of TOLLIP, i.e., R78A and R123A,
which cannot interact with phosphoinositides. In a previous study, these mutations have been shown

to disrupt the binding of the C2 domain to PI3P by in vitro lipid-protein overlay assay (Ankem et al,



2011, PMID 21294713). First, we confirmed this result in cells by assessing the colocalization of the
TOLLIP variants with PI3P puncta (Figure for referees 3). By using the R123A mutant (designated
as C2™"*! in the manuscript), we revealed that TOLLIP binding to phosphoinositides is required for
the mCherry processing (new Fig 2F) and the lysosomal trafficking of A53T-HP (new Fig 2G).
Since the statement in the previous Fig EV1G, i.e., dispensability of LIR motifs, is also included in
this new Fig 2G, Fig EV1G was removed (Figure for referees 4). As already presented in the initial
manuscript, the C2 mutants are defective in promoting turnover of AS3T-HP (Fig EVIE) and
transferring A53T-HP to PI3P puncta (Fig 4C).

Overall, these results support our notion that PI3P is important for the TOLLIP-dependent lysosomal

degradation of aberrant ER membrane proteins.

FLAG-TOLLIP  Venus-2xFYVE Merge

Colocalization of
FLAG & Venus

0.8

0.6

0.4
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Figure for referees 3. R78A and R123A mutations disrupt binding of TOLLIP with PI3P

puncta.

Fluorescence microscopy imaging to monitor the colocalization of TOLLIP variants with PI3P
puncta. HEK293A cells were transfected with FLAG-TOLLIP variants and Venus-2xFYVE, and
stained with an anti-FLAG antibody. The graph represents Pearson’s correlation coefficient
measured between FLAG-TOLLIP and Venus-2xFYVE. From 12 to 25 cells pooled from n = 2
experiments were analyzed. Box centers indicate medians, box edges represent first and third
quartiles, and whiskers show the 10th to 90th percentile. *P < 0.05 by one-way ANOVA with

Dunnett’s multiple comparison test. Scale bars, 10 um and 2 pm (insets).



Previous Fig EV1G New Fig 2F

TDL.UF' KO
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Figure for referees 4. Replaced figure.

3. The mechanism of TOLLIP-mediated degradation has been poorly characterized. The model in
Figure 7D seems to imply that degradation occurs by direct fusion of PI3P- and TOLLIP-containing
endosomes with lysosomes, but this has not been demonstrated. The alternative mechanism of
microautophagy needs to be explored by depletion/knockdown of ESCRT proteins.

Response:

According to the suggestion, we have investigated the involvement of microautophagy by knocking
down ESCRT-III components. Among mammalian ESCRT-III components, CHMP4 is especially
important ~ for  inward  membrane  invagination @ at  endolysosomes, including
micro-ER-phagy-dependent lysosomal trafficking of an ER-phagy receptor SEC62 (Loi et al, 2019,
PMID 31699981), endosomal microautophagy of autophagy receptors (Mejlvang et al, 2018, PMID
30018090), and degradation of EGFR after EGF stimulation (Wenzel et al, 2018, PMID 30050131).
First, we confirmed the involvement of CHMP4 in endosomal membrane invagination by
monitoring EGF-dependent EGFR degradation. As reported by Wenzel et al, CHMP4B KD partially
impaired EGFR degradation, while the effect of knocking down its paralog CHMP4C was larger
(Figure for referees SA). Even in this CHMP4C KD condition, the TOLLIP-dependent lysosomal
degradation of A53T-HP was not impaired (Figure for referees 5B). Moreover, knockdown of
CHMP4 paralogs did not impair the TOLLIP-dependent lysosomal trafficking of A5S3T-HP (Figure
for referees 5C). A similar result was obtained when CHMP2 was depleted, which is required for

autophagosomal membrane closure (Takahashi et al, 2018, PMID 30030437) (Figure for referees



5A and C). These results suggest that ESCRT-dependent microautophagy is not involved in the

TOLLIP-dependent pathway.
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Figure for referees 5. ESCRT-III components CHMP2 and CHMP4 were dispensable for

lysosomal degradation of AS3T-HP.
A Immunoblot of HEK293A cells transfected with indicated siRNAs, starved in DMEM without
serum for 6 h, and then treated with 100 ng/mL EGF and 200 nM BafAl for 14 h. Cells were

harvested 4 days after siRNA transfection. Numerical data represent means of the



EGF-dependent decrease in EGFR level normalized to a-tubulin (n=2).

B Lysosomal degradation of A53T-HP in HEK293A cells transfected with indicated siRNAs in the
same conditions as in (A) and with indicated constructs. The graph represents mean £ SEM of
mCherry processing (n = 3). *P < 0.05 by unpaired two-tailed Student’s t test.

C  Fluorescence microscopy imaging to monitor the lysosomal delivery of A53T-HP. HEK293A
cells were transfected with indicated siRNAs in the same conditions as in (A) and with
indicated constructs, treated with 100 nM BafA1l for 15 h, and stained with an anti-FLAG
antibody. The percentage of LAMP1 puncta containing mCherry-A53T-HP in each cell was
quantified. From 9 to 33 cells in each condition pooled from n = 2 experiments (siCtrl,
siCHMP2A&2B, and siCHMP4C) or n = 1 experiment (siCHMP4B) were analyzed. *P < 0.05,
**P < (0.01 by unpaired two-tailed Student’s t test. Scale bars, 10 pm and 2 um (insets).

As pointed out by the referee, whether the PI3P- and TOLLIP-containing vesicles fuse with or are
engulfed by lysosomes remains uncertain, considering that membrane invagination at
endolysosomes can occur through ESCRT-independent pathways in mammals (Stuffers et al, 2009,
PMID 19490536). We completely agree that this point is an important issue that should be elucidated
in the future study through extensive microscopic and biochemical analysis. However, we think that
it is beyond the scope of this manuscript focusing on revealing a novel type of cargo adaptor for the
clearance of specific ER constituents and its significance in ER proteostasis. We have included brief

discussions about this point in the revised manuscript (Discussion part, page 14).

Referee #2:

Toll-interacting protein, TOLLIP was implicated in numerous processes, including aggrephagy
receptor, endosomal sorting regulator and formation of mitochondrial-derived vesicles (MDV). In
the current manuscript, Hayashi et. al reports a new role for TOLLIP as a specific cargo-adaptor that
recognizes misfolded ER membrane proteins and directly routes them for lysosomal degradation in a
process that requires further characterization.

The authors initially utilized an experimental system of chimeric protein AS3T-HP comprised of
Parkinson's disease-linked A53T o-synuclein mutant fused to a hairpin of E-Sytl (ER membrane
protein) to identify factors that mediate its selective lysosomal degradation. Using this system,
TOLLIP, but not the other autophagy receptors, is needed for such degradation in its

LIR-independent manner. Evidence indicates that the IDR and CUE domains of TOLLIP are



responsible for recognizing ER aberrant membrane protein AS3T-HP. At the same time, IDR acts as
a protein misfolding sensor that recognizes the misfolded substrate, while the CUE domain is
responsible for recognizing ubiquitinated AS3T-HP. The authors also found that TOLLIP's
phosphoinositide-binding C2 domain is needed for the vesicular trafficking of AS3T-HP to the
lysosomes. Finally, the authors demonstrate that TOLLIP-dependent lysosomal degradation of
physiological substrates such as P56S VAPB (ALS-linked) and N88S,S90L Seipin (spastic
paraplegia-linked).

Overall, the experiments are well thought out, and the data seem convincing. However, the authors
are encouraged to characterize better the PI3P-positive vesicles that serve as the vehicle for the
TOLLIP-dependent degradation pathway. This can be achieved by improved fluorescent images,
electron microscopy (preferably CLEM), and careful subcellular fractionations. This will
significantly improve the quality of this study.

Response:

We highly appreciate the referee’s kind and thoughtful comments to our manuscript. We quite agree
with the referee’s opinion that the TOLLIP-dependent delivery route for aberrant ER membrane
proteins should be further characterized through analyzing the PI3P-positive vesicles.

As also suggested by the other referees, we performed CLEM analysis to visualize the PI3P-positive
vesicles. First, we visualized the protein complex of the artificial model substrate A53T-HP and
TOLLIP by using BiFC technology (new Fig 4D). Then, we observed punctate structures positive
for both the BiFC signal and 2xFY VE probe, i.e., AS3T-HP-, TOLLIP-, and PI3P-positive puncta by
CLEM. The result shows that these PI3P puncta are vesicles basically surrounded by single
membranes (new Fig 4E and EV3C). Since the BiFC-positive PI3P puncta were negative for
LysoTracker, TOLLIP seems to utilize these vesicles as transport intermediates to deliver its cargo to
acidic lysosomal compartments (new Fig 4F). For more detail on the BiFC and CLEM analyses,
please also refer to Referee #1 Major point 1.

Furthermore, the signals of normal ER constituents stained by anti-KDEL and BAP31 antibodies
were excluded from the AS3T-HP-, TOLLIP-, and PI3P-positive puncta (new Fig 5C). This result
suggests that these vesicles are dedicated to the clearance of aberrant cargoes, which is consistent
with the evidence that TOLLIP is dispensable for bulk ER turnover (Fig 5B). Since the pictures in
Fig EV3A in the initial manuscript showing the colocalization of A53T-HP, TOLLIP, and PI3P are

also included in new Fig 5C, Fig EV3A was removed (Figure for referees 6).
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Figure for referees 6. Replaced figure.

Minor comments

1. Figure 1E - the authors use the fluorescent construct mCh-AS53T-HP and measure the cleavage of
mCherry by western blot. To support that data, they should also employ mCherry-EGFP-AS3T-HT
and measure the quenching of EGFP.

Response:

We agree with the referee. Unfortunately, due to high cell-to-cell variance in the quantification
values (please see Fig 2C), EGFP quenching assay is not so robust to monitor the lysosomal
trafficking of AS3T-HP, especially when comparing more than two conditions. This is maybe
because RFPs including mCherry are not completely resistant to lysosomal environment (Katayama
et al, 2008, PMID 18256512), and thus several cells without mCherry /EGFP™ puncta are actually
observed even in the siCtrl condition (Fig 2C). We instead monitored the lysosomal trafficking by
counting LAMPI1-positive lysosomes that contain A53T-HP after BafAl treatment in the revised
manuscript. The accumulation of cargos in LAMP1-positive puncta is a more direct measure of
lysosomal trafficking compared to EGFP quenching assay and widely used in the autophagy research

field, including recent papers (Omari €t al, 2018, PMID 30287488; Kuchitsu et al, 2023, PMID



36918692). Therefore, we think that it is maybe not important for readers to show the
BafA1-dependent accumulation of A53T-HP in lysosomes by repeating Fig 1E by using this assay.
Instead, we confirmed our important findings, i.e., the requirement of each TOLLIP domain (new
Fig 2G) and PI3P (new Fig EV3A and B) in the TOLLIP-dependent pathway, which was shown

only by mCherry processing assays in the initial manuscript.

2. Figure 4B - the Baf. Al treatment should be mentioned in that panel (in addition to the legend).
Response:
As suggested, we mentioned the BafAl treatment in the panel of Fig 4B, as well as in all other

fluorescence microscopy experiments where BafA1 was used (Fig 2G, 4C, 5C, and EV3A).

3. Figure 4C - the recovery experiment was performed on siTOLLIP background; the KO used in
other experiments may be more convincing.

Response:

We agree with the referee. We reperformed this experiment using TOLLIP KO cells and confirmed
that the C2, IDR, and CUE domains of TOLLIP are required for transferring AS3T-HP to PI3P
puncta (Figure for referees 7). Since the requirement of TOLLIP for this process was shown by
siTOLLIP (Fig 4B), and the knockdown efficiency of the TOLLIP siRNA is fairly high in HEK293A
cells (please see TOLLIP blots in Fig 2B, 5B, 6B, 6D, EV1A, EV3F, and EV4A), we think that the
recovery experiment in Fig 4C performed on siTOLLIP background is also convincing and have left

this figure unchanged.
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Figure for referees 7. Requirement of TOLLIP domains for trafficking of AS3T-HP to PI3P

puncta.

Fluorescence microscopy imaging to monitor the trafficking of AS3T-HP to PI3P-enriched puncta.
HEK293A TOLLIP KO cells were transfected with indicated FLAG-TOLLIP variants,
Venus-2xFYVE, and mCherry-AS53T-HP, and treated with 100 nM BafAl for 16 h. The percentage
of 2xFYVE puncta containing mCherry-AS53T-HP in each cell was quantified. From 13 to 27 cells in
each condition pooled from n = 2 experiments were analyzed. C2™' ">, R78A; IDR™, 181—
229>(GGGGS)yGGGG; ACUE, A231-274. Box centers indicate medians, box edges represent first
and third quartiles, and whiskers show the 10th to 90th percentile. *P < 0.05, **P < 0.01 by one-way
ANOVA with Dunnett’s multiple comparison test. Scale bars, 10 um and 2 um (insets).

Referee #3:

In the present manuscript authors characterized a new function for the protein TOLLIP. Authors
proposed that TOLLIP, via its IDR domain, can recognize the misfolded ER proteins which are
anchored to the ER membrane and present a cytosolic domain that is ubiquitinated. Moreover,
TOLLIP can recognize the misfolded proteins and mediates their lysosomal degradation via the PI3P
trafficking pathway. The molecular mechanisms regarding the connection between TOLLIP and
PI3P are not too clear and needs some extra investigation as the authors commented in the

discussion.



TOLLIP function as an autophagy receptor is known. However, its role in degrading ER membrane
bounded proteins seems to be autophagy independent. Of note, the recognition of specific
degradation of single type proteins, not discrete portion of ER, is new and interesting for its
biological and medical applications. Moreover, differently from FAM134B and RTN3, TOLLIP
seems to directly recognize the misfolded proteins, without chaperones involvement, and it is
selective for membrane proteins that face the cytosolic environment rather than for the ER luminal
protein aggregates.

The manuscript has a novelty, and it is potentially interesting for the scientific community. Some
experiments would be necessary to finalize the final taking message.

Response:

We appreciate the referee’s detailed comments to our manuscript and deep understanding of the
novelty of our findings in the light of recent progress of the ER-phagy research field. We apologize
that it was unclear how TOLLIP and PI3P cooperatively promote the lysosomal degradation of
aberrant ER membrane proteins in the initial manuscript, as pointed out by the referee. According to
the referee’s suggestion, we performed several additional experiments to confirm our conclusions.

1. Authors used pharmacological approaches to inhibit autophagy (Bafilomycin A) and the PI3P
(SAR405). These are widely used reagents. However, it would be appropriate to confirm the major
finding also using a genetic approach. siRNA or CRISPR some of the key autophagy and PI3P
genes.

Response:

We agree with the referee’s opinion that a genetic approach should be undertaken to confirm our
findings. Since we have already revealed that FIP200 and ATG7 were dispensable for the
TOLLIP-dependent clearance of the artificial model substrate AS3T-HP by using KO cell lines (Fig
EV3G-I), we tried to generate additional KO cell lines of other autophagy-related genes VPS34 and
BECN1. However, KO cell lines of these genes generated by CRISPR-Cas9 technology were not
viable. Therefore, we instead tried transient depletion of these genes and found that siVPS34 clearly
inhibited autophagy (new Fig EV3B). Both siVPS34 and the VPS34 inhibitor SAR405 impaired the
TOLLIP-dependent lysosomal trafficking of A5S3T-HP, confirming the importance of PI3P in the
TOLLIP-dependent pathway (new Fig EV3A). We also validated the requirement of VPS34 in the
TOLLIP-dependent lysosomal degradation of AS3T-HP by using another VPS34-specific inhibitor

VPS34-IN1 (new Fig 4A).



2. Authors performed several experiments to show the delivery of misfolded protein to the lysosome.
However, it would be appropriate to perform some high-resolution and/or electron microscopy
experiments to clearly show that TOLLIP is moving the misfolded protein directly to lysosomes
without the presence of any other intermediates (like autophagosomes).

Response:

We quite agree with the referee’s opinion that electron microscopy is necessary to further
characterize the trafficking route for aberrant ER membrane proteins. As also suggested by the other
referees, we performed CLEM analysis to visualize and characterize the PI3P-positive vesicles,
which are used as the carrier for the TOLLIP-dependent pathway. First, we visualized the protein
complex of AS3T-HP and TOLLIP by using BiFC technology. The BiFC signal translocated to PI3P
puncta in a TOLLIP IDR and CUE domains-dependent manner, suggesting that TOLLIP escorts
AS53T-HP to PI3P puncta after recognizing it (new Fig 4D). Then, we observed punctate structures
positive for both the BiFC signal and 2xFYVE probe, i.e., AS3T-HP-, TOLLIP-, and PI3P-positive
puncta, by CLEM. The result shows that these PI3P puncta are vesicles basically surrounded by
single membranes, not double membranes as is the case for autophagosomes (new Fig 4E and
EV3C). Since the BiFC-positive PI3P puncta were negative for LysoTracker, TOLLIP seems to
utilize these vesicles as transport intermediates to deliver its cargo to acidic lysosomal compartments
(new Fig 4F). For more detail on the BiFC and CLEM analyses, please also refer to Referee #1
Major point 1.

Although it is difficult to completely rule out the potential involvement of other intermediates, at
least, dispensability of FIP200 and ATG7 for the clearance of AS3T-HP (Fig EV3G-I) and our new

CLEM data suggest that autophagosomes are not involved.

Concerning the proposed experiments

1. Line 138-139 " Among the receptors tested, only overexpression of TOLLIP....." maybe it is more
appropriate .... Mostly overexpression of TOLLIP....

Response:

We apologize for the unclear description. We have edited this part to a simpler description as below.
(Initial manuscript) “Among the receptors tested, only overexpression of TOLLIP promoted the

cleavage of lysosomal degradation-resistant mCherry from mCherry-A53T-HP”



(Revised manuscript) “When overexpressed, TOLLIP most strongly promoted the cleavage of

lysosomal degradation-resistant mCherry from mCherry-A53T-HP”

2. Fig2B and line 141-142. Not only TOLLIP but also OPTN seems to have an effect (minor but
present) so authors should edit this part.

Response:

Thank you for the insightful suggestion. We have edited this part as below.

(Initial manuscript) “In contrast, siRNA-mediated knockdown of TOLLIP, but not other receptors,
impaired mCherry-AS53T-HP processing in HEK293A and HeLa cells”

(Revised manuscript) “In  contrast, siRNA-mediated knockdown of TOLLIP impaired
mCherry-AS3T-HP processing in HEK293A and HeLa cells, while the effect of knocking down

other receptors was smaller”

3. Line 150-152 and related EV1. This part is not clear and difficult to follow in the figure. Please
edit to make easier to visualize.

Response:

We apologize for the unclear description and have edited the manuscript as below.

(Initial manuscript) “TOLLIP overexpression enhanced mCherry cleavage from AS53T-HP but not
from cytosolic A53T a-synuclein or native E-Sytl, suggesting that TOLLIP selectively promotes the
lysosomal degradation of A53T-HP”

(Revised manuscript) “TOLLIP overexpression enhanced the lysosomal degradation of A53T-HP as
examined by mCherry processing, but not that of cytosolic AS3T a-synuclein or native E-Sytl,
suggesting cargo selectivity of TOLLIP”

We have also removed the unintelligible bar graph and instead indicated numerical values of fold

change in mCherry processing in new Fig EV1D (Figure for referees 8).
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Figure for referees 8. Revised figure.

4. Authors used mCherry-AS3T-HP to measure the rate of degradation looking at the mCherry
cleavage. Sometime is not so clear the cleavage ratio so maybe authors should consider repeating
some experiment looking to GFP degradation too or performing some additional experiments to
improve the quality of the data.

Response:

We agree with the referee that our conclusions were relying on the ambiguous results of mCherry
cleavage assays in our initial manuscript. In the revised manuscript, we confirmed our important
findings, i.e., the requirement of each TOLLIP domain (new Fig 2G) and PI3P (new Fig EV3A and
B) in the TOLLIP-dependent pathway, by assessing the accumulation of AS53T-HP in
LAMPI-positive lysosomes, which is a more direct measure of lysosomal trafficking than the GFP

degradation assay presented in Fig 2C.

5. Fig 5D. It is a bit difficult to appreciate differences in that WB. Maybe consider adding a lower
exposure film to better visualize the data.

Response:

We are sorry for presenting the unclear figure. In the revised manuscript, we presented a bit lower

exposure image of mCherry-VAPB and indicated numerical values of TOLLIP KD-dependent fold



increase in mCherry-VAPB together with arrows that clearly show which lane is compared to which

(Figure for referees 9).
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Figure for referees 9. Revised figure.

Minor Points
1. Appendix Figure could be moved into EV Figures to make the manuscript more compact

Response:

We carefully considered this point. However, because the number of EV figures is limited to five by
the journal’s policy, and because we have added several new data in the revised manuscript, we

could not move Appendix figures to EV figures.

2. The written part, especially in the results session, is a bit lengthily. Some details and comments

could be shortened.

Response:

Following the reviewer’s advice, we have removed several redundant or unnecessary descriptions.
The changes have been recorded in the revised manuscript file of .docx format in a traceable manner.



1st Revision - Editorial Decision 9th Oct 2023

Dear Dr Ichijo,

Thank you submitting a revised version of your manuscript. It was sent to the same three reviewers that originally appraised
your work; their comments are attached to the bottom of this email. As you will see, all three referees are satisfied with the
changes you made. Before we can move forwards towards publication of your manuscript, though, there are some remaining
editorial points which need to be addressed. In this regard, would you please:

- remove the author credit section from the main manuscript,

- in the Appendix Figure, place legends below the corresponding figures,

- in figure legends, although 'n' is provided, please describe the nature of entity for 'n' in the legends of figures 1d-e; 2a-b, e-f;
4a; 5a-b, d-e; 6b-c; 7a-b; 8a-d; EV1a-d; EV2a, EV3c-d; d, f, h, i; EV4b-f; EV5b-d, and

- ensure all Source Data files are named correctly.

I look forward to receiving these changes. EMBO Press is an editorially independent publishing platform for the development of
EMBO scientific publications.

Best wishes,
William Teale

William Teale, PhD
Editor

The EMBO Journal
w.teale@embojournal.org

Instructions for preparing your revised manuscript:
Please check that the title and abstract of the manuscript are brief, yet explicit, even to non-specialists.

When assembling figures, please refer to our figure preparation guideline in order to ensure proper formatting and readability in
print as well as on screen:

https:/bit.ly/EMBOPressFigurePreparationGuideline

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

IMPORTANT: When you send the revision we will require

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

- individual production quality figure files (one file per figure)

- a complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/14602075/authorguide).

- Expanded View files (replacing Supplementary Information)

Please see out instructions to authors

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

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

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide
We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (7th Jan 2024). Please discuss the revision progress ahead of this time with the

editor if you require more time to complete the revisions. Use the link below to submit your revision:

https://emboj.msubmit.net/cgi-bin/main.plex




Referee #1:

The authors have done an impressive job in addressing all my concerns, including the inclusion of substantial new experimental
data. | am happy to recommend publication of this revised manuscript.

Referee #2:

The authors successfully addressed the comments raised by all referees.

Referee #3:

Authors addressed all the referee points.



2nd Authors' Response to Reviewers 10th Oct 2023

All editorial and formatting issues were resolved by the authors.



2nd Revision - Editorial Decision 11th Oct 2023

Dear Dr. Ichijo,
| am pleased to inform you that your manuscript has been accepted for publication in the EMBO Journal.

Congratulations to you and all of your co-workers for this really exciting and insightful work.

Please note that it is EMBO Journal policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here:
https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess

Your manuscript will be processed for publication in the journal by EMBO Press. Manuscripts in the PDF and electronic editions
of The EMBO Journal will be copy edited, and you will be provided with page proofs prior to publication. Please note that
supplementary information is not included in the proofs.

You will be contacted by Wiley Author Services to complete licensing and payment information. The required 'Page Charges
Authorization Form' is available here: https://www.embopress.org/pb-assets/embo-site/tej_apc.pdf - please download and
complete the form and return to embopressproduction@wiley.com

EMBO Press participates in many Publish and Read agreements that allow authors to publish Open Access with reduced/no
publication charges. Check your eligibility: https://authorservices.wiley.com/author-resources/Journal-Authors/open-
access/affiliation-policies-payments/index.html

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

If you have any questions, please do not hesitate to call or email the Editorial Office. Thank you for your contribution to The
EMBO Journal.

Yours sincerely,
William

William Teale, PhD
Editor

The EMBO Journal
w.teale@embojournal.org

** Click here to be directed to your login page: https://emboj.msubmit.net
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Materials and Methods and Appendix Table S1

Antibodies

Information included in
the manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
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available, and source.
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Information included in
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and gender or ethnicity for all study participants.

Core facilities

Information included in
the manuscript?

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

Design

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

Information included in
the manuscript?

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

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

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

Laboratory protocol

Information included in
the manuscript?

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

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

Experimental study design and statistics

Information included in
the manuscript?

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

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

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

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

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

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

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

Figure legends and Materials and Methods

Sample definition and in-laboratory replication

Information included in
the manuscript?

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

In the figure legends: state number of times the experiment was
repli 1 in laboratory.

Yes

Figure legends

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

Yes

Figure legends

Ethics

Ethics

Information included in
the manuscrint?

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

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

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

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

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

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

Dual Use Research of Concern (DURC)

Information included in
the manuscript?

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

Could your study fall under dual use research restrictions? Please check
biosecurity documents and list of select agents and toxins (CDC):
https:// 1ts.gov/sat/list.htm

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

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

Report
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requiring specific guidelines and recommendations to complement MDAR.

pecific guidelines, established and endorsed through community initiatives. Journals have their own policy about

Adherence to community standards

Information included in
the manuscript?

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

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

Data A

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

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

wvailability

Data availability

Information included in
the manuscript?

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

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

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

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

If publicly available data were reused, provide the respective data

citations in the reference list.
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