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Reviewer Comments from Review Commons (transferred files) 11th Mar 2025

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

**Summary**

The manuscript by lyer and colleagues studies the exceptional dependency of synovial
sarcoma (SS) cells on SUMO2. This dependency was initially identified by mining the
DepMap database for selective genetic dependencies of SS cell lines. Among the
combined top 200 SS-selective genes from the DEMETER and CHRONOS datasets, several
members of the sumoylation machinery were identified, including SUMO2.

These findings were then first validated through two CRISPR screens in an SS cell line using
sgRNAs against all these DepMap hits. The screens were performed both in vitro and in vivo
in mice and 19 hits were found to be common to both screens. Of these 19 genes, two were
also SS18-SSX targets, including SUMO2. Based on these findings, the effect of the
sumoylation inhibitor TAK981 was tested on several SS cell lines. The drug affected cell
viability with an EC50 in the nanomolar range in both 2D and 3D culture systems, while in
non-SS cell lines it was considerably less potent.

RNAseq was then performed to evaluate the effect of TAK981 on the transcriptome in two
cell lines. A total of 1100 genes were found to be affected, including many genes involved in
cell cycle regulation and several SS18-SSX target genes. Interestingly, a doxycycline
resistance signature was reversed by the treatment. A closer look at the SS18-SSX target
genes revealed that TAK981 treatment led to a downregulation of SS18-SSX activated genes
and to a reactivation of SS18-SSX repressed genes. To test the hypothesis that SUMO2
regulates the fusion protein itself, the effect of sShRNA-mediated silencing of SUMO2 and
treatment with TAK981 on its expression was assessed. Both treatments indeed led to a
downregulation of SS18-SSX, suggesting that its expression is indeed under the control of
SUMO2.

CUT&RUN analysis before and after treatment with TAK981 confirmed the reduction of
SS18-SSX at genomic binding sites and also revealed a global reduction of H2AK119ub.
Finally, the effect of TAK981 on the growth of cell line-derived xenograft tumors was tested.
TAK981 slowed the growth of Aska-SS tumors, while treatment of SYO1 tumors completely
prevented its growth.

**Major Comments**



Figure 1

A-B It appears that many genes are unique to one data set or the other. The overlap
between the two data sets should be presented in a table or a Venn diagram.

Figure 2

B-C The x-axis of these plots is labelled 'genes' and goes up to 500. However, the sgRNA
library was directed against 348 genes, while the rest are non-targeting controls. | suggest
that the axis be labelled differently, e.g. sgsRNA.

It is not clear why the authors restricted their selection to downstream targets of the fusion
protein. This should be explained in the text.

Figure 3

B-D The extent of apoptosis and cell cycle arrest in case of SYO-1 cells is relatively small.
The physiological effect behind the decrease in viability (Fig.3A) is therefore not very
obvious in this case. Furthermore, it is stated in the text that TAK981 "cell cycle analysis
using propidium iodide indicated an S-phase arrest". However, in the treated cells there are
less S-phase cells detected. Taken together, it is not clear whether the effect of their drug in
this case is mainly cytostatic or cytotoxic. | suggest that a cell death assay be performed,
using flow cytometry to detect both apoptotic and dead cells, to determine the effect on
cell viability.

E-F These figures show essentially the same data. One of the figures could also be
removed. Why is are ASKA-SS cells used here and not HS-SY-Il cells?

G The cells apparently do not form colonies, similar to other sarcomas. The visible clouds
of cells probably originate from uneven seeding. In my opinion, this cannot be called a
colony forming assay. | suggest that this panel be removed from the figure.

Figure 4
D The finding that the doxorubicin resistance signature is reversed by TAK981 treatment is
interesting. The authors could check the combinatorial effects of TAK981 and doxorubicin

experimentally.

Figure 5



G The Western blot contains vertical lines between the two lanes with shRNA-1 treated
sample and the rest of the samples, indicating that these samples were run on a different
gel and the blot was spliced afterwards. Although the samples with the same shRNA
treatment (plus/minus Dox) were obviously run on the same blot, it is necessary to indicate
the different blots. This can be done by showing the blots separately next to each other.

G-I Please indicate which band(s) represent SS18-SSX. Does any of the bands correspond
to the wild-type protein?

Figure 6

F-G Tracks showing the difference between TAK981 and DMSO would show the effect of the
treatment more clearly.

It should be evaluated whether the reduction of H2AK119ub is specific for SS18-SSX
binding sites.

Figure 7

B Some tumors in the control group are very large at the experimental endpoint (in the
range of 4000 mma3). Is this consistent with their animal license?

**Minor comments**

Figure 3

F Concentration labelling is missing.

Figure 4

Text line 199-203: "Upregulated" and "downregulated" genes are mixed up.

Figure 5

D Is the labelling "direct targets" correct here or are these also indirect targets as in E?

Figure 6

In the text, the immunoblot is described as C, but the figure is actually 6E.



Figure 7

B The x-axis labelling is missing and the y-axis labelling should be mm3.
J The tumors in this experiment were very small at the start of treatment. So it is more of an
engraftment assay rather than a tumor growth assay.

2. Significance:
Significance (Required)

*General assessment:* Many fusion protein-driven sarcomas, including SS, have a poor
prognosis and effective new therapies are urgently needed. However, the driver fusion
proteins composed of TFs or epigenetic regulators (such as SS18-SSX) are difficult drug
targets. Therefore, upstream regulators or downstream effectors that are easier to inhibit
are of great therapeutic interest. The identification of SUMO2 as a regulator of SS18-SSX
expression in SS cells, which may be the reason for the selective dependence of SS cells
on this gene, is represents an important advance into this direction.

*Strength and limitations:* Overall, the study is well conducted, the methodology is mostly
appropriate, and the conclusions are reasonable and supported by evidence. An exception
however are the physiological experiments, which are rather superficial and do not provide
a clear picture of the physiological effects of TAK981. An important ethical criticism
concerns the size of the xenograft tumors, which were grown here to 4000 mm3, exceeding
the size limit normally considered in ethical guidelines. From a scientific point of view, my
overall assessment of this paper is positive, but | think the above mentioned comments
need to be addressed.

My own expertise is in the field of translational cancer research with a special focus on
sarcoma, the mechanisms of action of oncogenic fusion proteins, generation of new tumor
models and identification of novel therapeutics.

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

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

Between 1 and 3 months



4. Review Commons values the work of reviewers and encourages them to get credit
for their work. Select 'Yes' below to register your reviewing activity at Web of Science

Reviewer Recognition Service (formerly Publons); note that the content of your review

will not be visible on Web of Science.
Web of Science Reviewer Recognition

No

Review #2
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

The authors seek to evaluate genetic vulnerabilities in synovial sarcoma in an effort to
identify possible new targets for therapies. Synovial sarcoma is a soft-tissue sarcoma that
occurs most frequently in children and young adults. Treatment options for metastatic and
recurrent diseases are limited, making the work by lyer and colleagues timely and
important. lyer utilizes several datasets of genomic screens to identify a set of genes and
gene pathways enriched in synovial sarcoma compared to other data-sets. With CRISPR
screens of these identified genes, they identify SUMO2 as a top candidate hit. They explore
the impact of TAK-981, a SUMO2 inhibitor, on synovial sarcoma cell line growth and on
overall gene transcription, demonstrating that it specifically modifies the SS18-SSX
transcriptomic program. Finally, they explore the role of TAK-981 in vivo.

Overall, lyer et al demonstrate an intriguing new clinical target for synovial sarcoma
therapy. To strengthen and support their analysis, we recommend the following for
consideration:

- Throughout the manuscript, the authors use TAK-981 to demonstrate the impact of
SUMO2 inhibition. To ensure that the effects on cell growth inhibition and cell cycle arrest
are on target, it would be helpful for readers to see the experiments also completed with
modulation of SUMO2 through knockdown or knockout.

- The authors utilize two synovial sarcoma cell lines implanted subcutaneously to
demonstrate the impact of TAK-981 in vivo. They demonstrate an impact on tumor growth
and overall proliferation. However, it would be helpful to the authors to know whether TAK-
981 is acting on target in the in vitro studies.

- In Figure 3 Panels B and C, there is no notation of what TAK-981 is used for the data


https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/

provided. It is difficult to assess the results without understanding which concentration is
used. Moreover, the percent cells staining with Annexin V is quite low in 3B - interpretation
of this low percentage would be improved with an understanding of the dose utilized

- For interpretation by the reader, it would be helpful to provide a representative scatter plot
or histogram from the flow cytometry in Figure 3 panels B-D

- In Figures 5H-1 and 6E, there are no immunoblots provided within the figure.

- In Figure 3F, it is difficult to assess the data due to the compressed nature of the Y axis.
Additionally, the X axis does not provide units

- In Figure 3G, the photos provided of the clonogenic assay are blurry and difficult to
assess. Quantification of the experiment is not provided. Additionally, the large cluster of
cells at the center of the plate likely limits the ability to identify individual colonies, as is
necessary for a clonogenic assay.

- In Figure 5 panel G, the loading controlis hard to appreciate for the shRNA4 +dox sample -
itis unclear if itis underloaded or if it is the image quality.

- In Fig 1A-B, the authors utilize a word cloud to demonstrate the possible genes identified
through their analysis. It would be helpful for authors to understand the difference in p
value that is represented by the different font sizes

-In line 299, the second 'in' does not need to be italicized

2. Significance:
Significance (Required)

Synovial sarcomas are lethal soft tissue sarcomas of children and young adults with very
limited treatment options, especially for relapsed and metastatic disease. This paper is
timely and important given that TAK-981 is already in clinical trials. The mechanistic
insights are useful as well and in line with existing evidence of SS being primarily an
epigenetically driven cancer. Overall, | am supportive of publication with some revisions.

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

Estimated time to Complete Revisions (Required)
(Decision Recommendation)
Between 1 and 3 months

4. Review Commons values the work of reviewers and encourages them to get credit

for their work. Select 'Yes' below to register your reviewing activity at Web of Science
Reviewer Recognition Service (formerly Publons); note that the content of your review

will not be visible on Web of Science.


https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/
https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/

Web of Science Reviewer Recognition

No

Review #3
1. Evidence, reproducibility and clarity:
Evidence, reproducibility and clarity (Required)

Authors use both a DEPmap analysis, their own screen and literature precedents to hone in
on SUMO2 as a targetable dependency in synovial sarcoma, a disease with clinical need
for new systemic treatments. A new SUMO targeting drug (TAK-981) is then shown to be
effective against multiple synovial sarcoma cell lines (and cell line xenografts), in terms of
growth/apoptosis assays, reversing disease-specific oncogenic transcription patterns, and
decreasing levels of the key synovial sarcoma oncoprotein SS18::SSX and its H2AK119Ub
partner in terms of total protein and chromatin occupancy (including at target genes).

**Major comments:**

The supplemental tables S1, S2, S3 and S4 were not included in the materials.

Related re: Fig 1: The Analysis of functional genomic screens does not provide details on
what cell lines were included -- in particular which and how many synovial sarcoma cell
lines. The supplementary tables which may have had this information were not included
with the submitted material nor can they be found on the bioRxiv posted version, but even if
provided in supplemental this information should be brought into the main text of methods
and/or the first part of the results. It is important that screening results for "synovial
sarcoma" are not based on data from the notorious (in the synovial sarcoma field) SW982
cell line. SW982 carries a BRAF mutation characteristic of melanoma and lacks the
SS18::SS18 oncogene, and so despite its persistent ATCC annotation as derived in the
1970s from a "synovial sarcoma", this cell line is definitely not a synovial sarcoma. If it has
been included, then the analysis has to be redone excluding it and Figure 1 has to be re-
rendered.

Re: Fig 3: while the cell lines are described as STR authenticated, it is important that the
four synovial cell lines be specifically confirmed to express SS18::5SX (and conversely that
the control cell lines do not express this). For these experiments, the number of cell lines
and the use of two non SySa cell lines is good. However, in terms of controls for the drug



testing, while the DMSO negative controlis important, for context -- in a manuscript
claiming to be identifying a new treatment for synovial sarcoma -- there should also be a
positive control drug treatment arm - i.e. a comparison of at least some of the assay results
shown in this figure to results obtained in the same cell line(s) with a drug currently used
for SySa treatment ... like doxorubicin (or trabectedin, or pazopanib). Indeed, based on the
penultimate sentence in the discussion, a combo arm of TAK + doxorubicin might also be of
interest.

Re: Fig 5. This is a great way to address if TAK-981 is affecting SS18::SSX induced biology.
My concern is that perhaps the best supporting data has been cherry-picked and
selectively presented. Specifically, the full list of Jerby-Arnon "core oncogenic program"
genes should be shown so the reader can assess not only the ones where the expression is
reversed, but also for how many of those genes there is actually no effect. The key finding
(Fig 5G) that SUMO2 knockdown leads to a decreased level of the SS18::SSX oncoprotein
itself is only shown for HS-SY-II cells; this particular finding is especially important to
assess in multiple cell lines (as is done for many other less-critical figure panels in this
manuscript).

Some of the text in the results section "SUMO2 inhibition diminishes SS18-SSX chromatin
occupancy..." describing Figure 6 does not match what is actually presented in Figure 6.
Specifically line 267-8 states "our studies showed a marked reduction in H2AK119ub in
SYO1, HS-SY-1I, 1273/99 and Aska cell lines treated with TAK-981 as assessed using
immunoblotting (Fig. 6C)" but panel 6C shows ChIP-Seq funnel plots instead. On the other
hand there is a Figure 6E panel that is not mentioned in the results section, but which
appears to show reduced H2AK119Ub levels with treatment -- although only for SYO1, not
for the other three cell lines as had been stated in the text (and would be important to
show, as this is another key experiment implying there is an on-target anti-synovial
sarcoma mechanism of action)

Re: in vivo experiments, Figure 7: given the demonstrated effect on SS18::SSX protein in
panels 5H/I, the authors' generation of FFPE blocks suitable for Ki67 IHC (panels 7G, 70),
their use of the recently-developed SS18::SSX specific antibody for CUT&RUN (line 549),
the published proven value of this antibody for IHC (PMIDs: 32141887, 32559341,
35880992, 37899499), and the value of showing an on target effect in vivo, the authors
should easily be able to perform additional IHC for SS18::SSX on the treated vs control
mouse xenograft tumors to see if this backs up what they showed in vitro in figure 5.

**Minor comments**



Abstract: limb amputation is very rarely needed for synovial sarcoma - it would be better to
justify the need for this study by saying something along the lines that current systemic
therapies have little impact on survival

Stylistically a recent consensus has been reached that fusion oncogenes and their
chimaeric oncoproteins are designated with a double colon (SS18::SSX) rather than a
hyphen or slash as was variably done in previous literature (applies throughout manuscript,
where a hyphen has been used). Also in introduction and results remember that RNA/DNA
gene names should be italicized, so as to distinguish gene from protein e.g. for SS18.

Figure 2 shows SYO-1 cells for the screen experiment, but the legend and methods state
HS-SY-II.

2. Significance:
Significance (Required)

This work is a tangible advance in the field, and opens the door to interesting mechanistic
studies that may have implications for SUMO / epigenetic biology, as well as providing
strong preclinical evidence for a new therapy -- a paper like this might mean synovial
sarcomas get added to existing solid tumor trials of SUMO inhibitors. The work has direct
interest to both the sarcoma foundational science community and the medical oncology
community.

The science is well done overall; results are believable in the context of the existing body of
literature (in the opinion of this reviewer who has expertise in the biology, pathology and
medical oncology of sarcomas).

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

Estimated time to Complete Revisions (Required)
(Decision Recommendation)
Between 3 and 6 months

4. Review Commons values the work of reviewers and encourages them to get credit
for their work. Select 'Yes' below to register your reviewing activity at Web of Science



https://clarivate.com/products/scientific-and-academic-research/research-publishing-solutions/reviewer-recognition-service/

Reviewer Recognition Service (formerly Publons); note that the content of your review

will not be visible on Web of Science.
Web of Science Reviewer Recognition

No
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Authors' Response to Reviewer Comments (transferred files) 11th Mar 2025

Reviewers Comments and Rebuttal Plan, lyer et al., 2024

Reviewer’s comments (in black) and responses (in blue):
Reviewer #1 (Evidence, reproducibility and clarity (Required)):
Summary

The manuscript by lyer and colleagues studies the exceptional dependency of synovial sarcoma
(SS) cells on SUMO2. This dependency was initially identified by mining the DepMap database
for selective genetic dependencies of SS cell lines. Among the combined top 200 SS-selective
genes from the DEMETER and CHRONOS datasets, several members of the sumoylation
machinery were identified, including SUMO?2.

These findings were then first validated through two CRISPR screens in an SS cell line using
sgRNAs against all these DepMap hits. The screens were performed both in vitro and in vivo in
mice and 19 hits were found to be common to both screens. Of these 19 genes, two were also
SS18-SSX targets, including SUMO2. Based on these findings, the effect of the sumoylation
inhibitor TAK981 was tested on several SS cell lines. The drug affected cell viability with an EC50
in the nanomolar range in both 2D and 3D culture systems, while in non-SS cell lines it was
considerably less potent.

RNAseq was then performed to evaluate the effect of TAK981 on the transcriptome in two cell
lines. A total of 1100 genes were found to be affected, including many genes involved in cell
cycle regulation and several SS18-SSX target genes. Interestingly, a doxycycline resistance
signature was reversed by the treatment. A closer look at the SS18-SSX target genes revealed
that TAK981 treatment led to a downregulation of SS18-SSX activated genes and to a
reactivation of SS18-SSX repressed genes. To test the hypothesis that SUMO2 regulates the
fusion protein itself, the effect of shRNA-mediated silencing of SUMO2 and treatment with
TAK981 on its expression was assessed. Both treatments indeed led to a downregulation of
SS18-SSX, suggesting that its expression is indeed under the control of SUMO?2.

CUT&RUN analysis before and after treatment with TAK981 confirmed the reduction of S518-
SSX at genomic binding sites and also revealed a global reduction of H2AK119ub.

Finally, the effect of TAK981 on the growth of cell line-derived xenograft tumors was tested.
TAK981 slowed the growth of Aska-SS tumors, while treatment of SYO1 tumors completely
prevented its growth.

Major Comments
Figure 1
e A-B It appears that many genes are unique to one data set or the other. The overlap
between the two data sets should be presented in a table or a Venn diagram.



We thank the reviewer for pointing this out. We have now added a tab to show common genes
from the 2 datasets (see new tab (Common Genes) in Table.S1.)

Figure 2
B-C The x-axis of these plots is labelled 'genes' and goes up to 500. However, the sgRNA
library was directed against 348 genes, while the rest are non-targeting controls. |
suggest that the axis be labelled differently, e.g. sgRNA.
We appreciate the reviewer’s concern. In our analysis, we targeted 348 genes with 10 sgRNAs
each. Additionally, we included 183 non-targeting sgRNAs, representing about 5% of the library,
with each non-targeting sgRNA treated as a separate "gene." Thus, there were 348 genes and
the rest were non-targeting controls total 532 unique elements plotted on the X-axis, with the
RRA score displayed on the Y-axis. We thank the reviewer for pointing out this confusion, we
have now labeled the X-axis as "sgRNA".

e |tis not clear why the authors restricted their selection to downstream targets of the
fusion protein. This should be explained in the text.

We agree that in a selection of targets that are important for Synovial Sarcoma, one could keep
the focus broad — to include any genes that are selectively essential (as found in the screen hits
from our DepMap list) or limit them to a narrower list. We decided to narrow the list to include
those genes that were bound by, and/or regulated by the fusion (as shown by Jereby Arnon et

al.,). In our opinion this helps us focus on candidate genes that are more likely to be relevant to
the fusion-driven oncogenic program. We have now provided this explanation in the main text

—see line 155-157.

Figure 3

e B-D The extent of apoptosis and cell cycle arrest in case of SYO-1 cells is relatively small.
The physiological effect behind the decrease in viability (Fig.3A) is therefore not very
obvious in this case. Furthermore, it is stated in the text that TAK981 "cell cycle analysis
using propidium iodide indicated an S-phase arrest". However, in the treated cells there
are less S-phase cells detected. Taken together, it is not clear whether the effect of their
drug in this case is mainly cytostatic or cytotoxic. | suggest that a cell death assay be
performed, using flow cytometry to detect both apoptotic and dead cells, to determine
the effect on cell viability.

We have now redone these experiments, and the flow cytometry plots and other data are now
updated in the main and supplemental figures (See Supplemental Fig. S4).

e E-F These figures show essentially the same data. One of the figures could also be
removed. Why is are ASKA-SS cells used here and not HS-SY-II cells?

We agree that figures E and F show the same data represented using different styles — E
showing an overall representation in a heatmap and F showing growth curves that help



appreciate the progressive growth changes over time and concentration. For these 2D and 3D
assays, we used Aska-SS instead of HS-SY-II cells as they have been shown to form spheroids
(Naka, N., Takenaka, S., Araki, N., Miwa, T., Hashimoto, N., Yoshioka, K., Joyama, S., Hamada, K.-
i., Tsukamoto, Y., Tomita, Y., Ueda, T., Yoshikawa, H. and Itoh, K. (2010), Synovial Sarcoma Is a
Stem Cell Malignancyﬁ. Stem Cells 28: 1119-1131. https://doi.org/10.1002/stem.452). We
reasoned that the ability of the Aska-SS cells to grow in spheroids would help enable robust 2D
and 3D culture assays.

e G. The cells apparently do not form colonies, similar to other sarcomas. The visible
clouds of cells probably originate from uneven seeding. In my opinion, this cannot be
called a colony forming assay. | suggest that this panel be removed from the figure.

We appreciate the reviewer’s comments — the visible clouds appear since many SySa cell lines
are dislodged while washing due to their inherent loosely adherent nature. We have now
repeated these assays with an alternative protocol. Please find the new figures Fig. 3F and its
guantification Fig. 3G.

Figure 4
e D. The finding that the doxorubicin resistance signature is reversed by TAK981
treatment is interesting. The authors could check the combinatorial effects of TAK981
and doxorubicin experimentally.

We agree that the reversal of genes involved in doxorubicin resistance is interesting to
investigate further. To address the important comment above, we subjected 3 different SySa
cell lines (HS-SY-1I, 1273/99 and Yamato-SS) to a combinatorial matrix of concentrations of TAK-
981 and Doxorubicin. Importantly, all the SySa cell lines show a strong synergistic effect with
the two drug as calculated by their Bliss score (HS-SY-Il mean Bliss score of 10.2, 1273/99 mean
Bliss score of 13.52 and Yamato-SS mean Bliss score of 10.78). It is to be noted here that the cell
lines Yamato-SS and 1273/99 show either no inhibition with Doxorubicin or show inhibition at
very high concentrations (> 10uM). but are highly sensitive to doxorubicin in the presence of
TAK-981. We are thankful to the reviewer for improving our manuscript, since we agree that
this is an important observation that TAK981 synergizes with Doxorubicin to augment
antiproliferative effects in a panel of SySa cell lines. This is now added to the manuscript — see
new Fig. 4E and Supplemental Fig. S7)

Figure 5
e G The Western blot contains vertical lines between the two lanes with shRNA-1 treated
sample and the rest of the samples, indicating that these samples were run on a
different gel and the blot was spliced afterwards. Although the samples with the same
shRNA treatment (plus/minus Dox) were obviously run on the same blot, it is necessary
to indicate the different blots. This can be done by showing the blots separately next to
each other.


https://stemcellsjournals.onlinelibrary.wiley.com/action/showCitFormats?doi=10.1002%2Fstem.452#fn2
https://stemcellsjournals.onlinelibrary.wiley.com/action/showCitFormats?doi=10.1002%2Fstem.452#fn2
https://stemcellsjournals.onlinelibrary.wiley.com/action/showCitFormats?doi=10.1002%2Fstem.452#fn6
https://doi.org/10.1002/stem.452

The blot, including all the shRNAs is a singular blot, the raw image of the blot is pasted below.

e G-l Please indicate which band(s) represent SS18-SSX. Does any of the bands correspond
to the wild-type protein?

SS18-SSX1 runs as a doublet as described in the original manuscript where this antibody was
developed. See Fig. 1 from Baranov et al., pasted below. It is apparent that these two bands are
both specific for the fusion, and do not cross-react with the wild-type SS18 or SSX proteins as
detailed in this manuscript and in many other manuscripts. To drive home this point, SSX
knockdown using shRNAs, which only targets the fusion in these cells (since wildtype SSX is not
expressed) leads to a reduction in both these bands, showing that both bands are specific to
the fusion. This has also been shown using SS18-SSX fusion specific siRNAs. It is likely that the
extra band that is still specific to the fusion represent a post-translational modification of the
protein. Additionally, as evident from our new Western Blotting data from 5 SySa cell lines and
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Please see supplemental figure S5.

Reference: A novel SS18-SSX fusion-specific antibody for the diagnosis of synovial sarcoma,
Baranov E, McBride MJ, .. Kadoch C, Hornick JL, Am J Surg Pathol 2020



Figure 6
e F-G Tracks showing the difference between TAK981 and DMSO would show the effect of
the treatment more clearly.

We have now remade these figures to show the treatment effect on both the fusion occupancy
as well as the H2AK119ub more clearly (See revised Fig. 6)

e |t should be evaluated whether the reduction of H2AK119ub is specific for SS18-SSX
binding sites.

We thank the reviewer for pointing this out. To address this question systematically, we have
redone the analysis by asking reanalyzing the effect of TAK981 on H2AK119ub a) generally, b)
on SySa target genes and c) on other expression-matched genes that demonstrate H2AK119ub.
See our new analysis in lines 288-294 of the text and revised Fig. 6 C-G

Figure 7
e B Some tumors in the control group are very large at the experimental endpoint (in the
range of 4000 mma3). Is this consistent with their animal license?

Our AUF stipulates that mice with visible tumors with a volume equal to or lesser than 4000
mm3 will be sacrificed as in prior publications and the guidelines from the NIH. During the
penultimate measurement (Day27) for the experiment, the largest tumor volume measured
was 3311.28 mm3 which is in line with our AUF. However, the mice were sacrificed 2 days later
to accommodate the weekend, during which the mouse with the largest tumor grew to be
4111mm3. We have now excluded the tumor volumes for all mice for that day (Day 30) to keep
in accordance with our animal license. We thank the reviewer for pointing out this important
consideration. As seen in the new figure, the differences in vehicle compared to drug arms are
still statistically significant.

Minor comments
Figure 3
e F Concentration labelling is missing.

We have now fixed this.

Figure 4
o Text line 199-203: "Upregulated" and "downregulated" genes are mixed up.

We thank the reviewer for pointing this out. The wording of the statement was confusing, and
we have now reworded it.

Figure 5
e Dlsthe labelling "direct targets" correct here or are these also indirect targets as in E?



The labeling of indirect targets of SySa, in SYO1 in Fig.5D is correct. Fig. 5E shows the indirect
targets from the cell line HS-SY-II.

Figure 6
e Inthe text, the immunoblot is described as C, but the figure is actually 6E.

We thank the reviewer for pointing this out, we have remade the figure panel and the
immunoblot is currently Fig. 6D

Figure 7
e B The x-axis labelling is missing and the y-axis labelling should be mm3.

This is now fixed.

e ] The tumors in this experiment were very small at the start of treatment. So it is more
of an engraftment assay rather than a tumor growth assay.

We injected the cells and then when the tumors were palpable, started dosing the vehicle and
drug arms. Furthermore, after sacrificing, we did observe clear tumors in all arms (as evidenced
by the Ki67 and the new SySa fusion stains) — except that in the drug treated mice, the tumors
had smaller and less proliferating (Ki67) tumors, more characteristic of a tumor growth assay.

Reviewer #1 (Significance (Required)):

Significance

General assessment: Many fusion protein-driven sarcomas, including SS, have a poor prognosis
and effective new therapies are urgently needed. However, the driver fusion proteins
composed of TFs or epigenetic regulators (such as SS18-SSX) are difficult drug targets.
Therefore, upstream regulators or downstream effectors that are easier to inhibit are of great
therapeutic interest. The identification of SUMO2 as a regulator of SS18-SSX expression in SS
cells, which may be the reason for the selective dependence of SS cells on this gene, is
represents an important advance into this direction.

Strength and limitations: Overall, the study is well conducted, the methodology is mostly
appropriate, and the conclusions are reasonable and supported by evidence. An exception
however are the physiological experiments, which are rather superficial and do not provide a
clear picture of the physiological effects of TAK981. An important ethical criticism concerns the
size of the xenograft tumors, which were grown here to 4000 mm3, exceeding the size limit
normally considered in ethical guidelines. From a scientific point of view, my overall assessment
of this paper is positive, but | think the above mentioned comments need to be addressed.

My own expertise is in the field of translational cancer research with a special focus on
sarcoma, the mechanisms of action of oncogenic fusion proteins, generation of new tumor
models and identification of novel therapeutics.

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



The authors seek to evaluate genetic vulnerabilities in synovial sarcoma in an effort to identify
possible new targets for therapies. Synovial sarcoma is a soft-tissue sarcoma that occurs most
frequently in children and young adults. Treatment options for metastatic and recurrent
diseases are limited, making the work by lyer and colleagues timely and important. lyer utilizes
several datasets of genomic screens to identify a set of genes and gene pathways enriched in
synovial sarcoma compared to other data-sets. With CRISPR screens of these identified genes,
they identify SUMO2 as a top candidate hit. They explore the impact of TAK-981, a SUMO2
inhibitor, on synovial sarcoma cell line growth and on overall gene transcription, demonstrating
that it specifically modifies the SS18-SSX transcriptomic program. Finally, they explore the role
of TAK-981 in vivo.

Overall, lyer et al demonstrate an intriguing new clinical target for synovial sarcoma therapy. To
strengthen and support their analysis, we recommend the following for consideration:

e Throughout the manuscript, the authors use TAK-981 to demonstrate the impact of
SUMO?2 inhibition. To ensure that the effects on cell growth inhibition and cell cycle
arrest are on target, it would be helpful for readers to see the experiments also
completed with modulation of SUMO2 through knockdown or knockout.

e The authors utilize two synovial sarcoma cell lines implanted subcutaneously to
demonstrate the impact of TAK-981 in vivo. They demonstrate an impact on tumor
growth and overall proliferation. However, it would be helpful to the authors to know
whether TAK-981 is acting on target in the in vitro studies.

We thank the reviewer for these comments and for suggesting to do knockdown or knockout
experiments in addition to our studies on TAK981.

We have shown

1) genetic SUMO2 depletion in the DepMap dataset as being highly selective for synovial
sarcoma cell lines (Fig. 1a),

2) SUMO?2 as one of the highest depleted sgRNAs in our CRISPR screen both in vitro and in vivo
using SUMO2 sgRNAs (see Fig. 2B and Fig. 2C).

3) New data showing that SUMO2 shRNA has a significant reduction of SySa cell line growth
(new Fig. 3H and 3lI)

4) As for on target activity of the TAK981, our experiments with TAK981 show stronger
antiproliferative effects in SySa compared to nonSySa cel lines (See Fig. 3A) and

5) both SUMO2 shRNA genetic depletion in HS_SY-II (Fig. 5G) as well as in SYO1(Supplemental
Fig. S9) and TAK981 treatment (Fig. 5H and Fig. 51) downregulate the SySa fusion itself.

e In Figure 3 Panels B and C, there is no notation of what TAK-981 is used for the data
provided. It is difficult to assess the results without understanding which concentration
is used. Moreover, the percent cells staining with Annexin V is quite low in 3B -
interpretation of this low percentage would be improved with an understanding of the
dose utilized



For interpretation by the reader, it would be helpful to provide a representative scatter
plot or histogram from the flow cytometry in Figure 3 panels B-D
We have now provided the concentration used for these experiments. We have also provided
the representative scatter plot of the FACS data (see Supplemental Fig. S4).

e In Figures 5H-l and 6E, there are no immunoblots provided within the figure.

Figures 5H and 5| show immunoblots of HS-SY-Il and SYO1 cells treated with various
concentrations of TAK-981 and probed for S518::55X1 fusion and vinculin as loading control.
We have remade Fig.6 panel and Fig. 6D is an immunoblot of SYO1 cells with 3 replicates of
DMSO or TAK-981 treated whole cell lysates probed with H2AK11ub and vinculin as loading
control.

e In Figure 3F, it is difficult to assess the data due to the compressed nature of the Y axis.
Additionally, the X axis does not provide units

We have now remade the figure by changing the axis. See new Fig.3E

e In Figure 3G, the photos provided of the clonogenic assay are blurry and difficult to
assess. Quantification of the experiment is not provided. Additionally, the large cluster
of cells at the center of the plate likely limits the ability to identify individual colonies, as
is necessary for a clonogenic assay.

We agree with the reviewer’s concern — we have now repeated these assays and provided
much clearer images and also quantification. See new figure (Fig. 3F&G)

e In Figure 5 panel G, the loading control is hard to appreciate for the shRNA4 +dox
sample - it is unclear if it is underloaded or if it is the image quality.

We have now provided a better exposure of the blot.

e In Fig 1A-B, the authors utilize a word cloud to demonstrate the possible genes
identified through their analysis. It would be helpful for authors to understand the
difference in p value that is represented by the different font sizes

In Fig 1A-B, the word cloud represent the negative log 10 P value, and the font size is
proportional to these values, we feel this is the best visual representation of >200 genes in one
figure. In order to provide more quantification of this, we have now attached the actual table
used which shows the values plotted directly in the word cloud so that the reader can make a
more quantitative determination as well. We thank the reviewer for pointing this out. See new
tabs (RNAi_WordCloud and CRISPR_WordClowd) in Supplementary Table 1

e Inline 299, the second 'in' does not need to be italicized



This is now fixed.

Reviewer #2 (Significance (Required)):

Synovial sarcomas are lethal soft tissue sarcomas of children and young adults with very
limited treatment options, especially for relapsed and metastatic disease. This paper is
timely and important given that TAK-981 is already in clinical trials. The mechanistic
insights are useful as well and in line with existing evidence of SS being primarily an
epigenetically driven cancer. Overall, | am supportive of publication with some revisions.

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

Authors use both a DEPmap analysis, their own screen and literature precedents to
hone in on SUMO?2 as a targetable dependency in synovial sarcoma, a disease with
clinical need for new systemic treatments. A new SUMO targeting drug (TAK-981) is
then shown to be effective against multiple synovial sarcoma cell lines (and cell line
xenografts), in terms of growth/apoptosis assays, reversing disease-specific oncogenic
transcription patterns, and decreasing levels of the key synovial sarcoma oncoprotein
S$S18::SSX and its H2AK119Ub partner in terms of total protein and chromatin occupancy
(including at target genes).

Major comments:

The supplemental tables S1, S2, S3 and S4 were not included in the materials.

We apologize this happened during the upload stage since they were separate PDFs that failed
to upload for some reason, these were later provided during the review process.

Related re: Fig 1: The Analysis of functional genomic screens does not provide details on
what cell lines were included -- in particular which and how many synovial sarcoma cell
lines. The supplementary tables which may have had this information were not included
with the submitted material nor can they be found on the bioRxiv posted version, but
even if provided in supplemental this information should be brought into the main text
of methods and/or the first part of the results. It is important that screening results for
"synovial sarcoma" are not based on data from the notorious (in the synovial sarcoma
field) SW982 cell line. SW982 carries a BRAF mutation characteristic of melanoma and
lacks the SS18::5518 oncogene, and so despite its persistent ATCC annotation as derived
in the 1970s from a "synovial sarcoma", this cell line is definitely not a synovial sarcoma.
If it has been included, then the analysis has to be redone excluding it and Figure 1 has
to be re-rendered.

The DepMap RNAi and CRISPR databases that we used for our analyses has data from cell lines
FUJI, HS-SY-II, 1273/99 and SS1A but not from the cell line SW982. Therefore our analyses are
not affected. It would have affected our data when we compared gene expression of synovial



and non synovial cell lines as in Fig. 1 e. but since in this figure too, we were only focusing on
cell lines where there was screening data (not just expression data), SW982 was fortunately not
present. All the cell lines used in our studies — HS-SY-II, SYO1, Aska-SS, Yamato SS, and 1273/99
are SySa fusion positive cell lines and in addition to STR profiling, we have also now performed
a fusion-specific antibody immunoblot on all the cell lines to confirm that they express the SySa
fusions. See new supplemental Fig.S5

e Re: Fig 3: while the cell lines are described as STR authenticated, it is important that the
four synovial cell lines be specifically confirmed to express SS18::SSX (and conversely
that the control cell lines do not express this). For these experiments, the number of cell
lines and the use of two non SySa cell lines is good. However, in terms of controls for the
drug testing, while the DMSO negative control is important, for context -- in a
manuscript claiming to be identifying a new treatment for synovial sarcoma -- there
should also be a positive control drug treatment arm - i.e. a comparison of at least some
of the assay results shown in this figure to results obtained in the same cell line(s) with a
drug currently used for SySa treatment ... like doxorubicin (or trabectedin, or
pazopanib). Indeed, based on the penultimate sentence in the discussion, a combo arm
of TAK + doxorubicin might also be of interest.

We thank the reviewer for the comment. As mentioned above, we had previously tested and
now retested the HS-SY-II, SYO1, Aska-SS, Yamato SS, and 1273/99 using the SySa fusion specific
antibody see fig. 5H and 51 as well as in supplemental figure S9 and now new supplementary
Fig. S5.

As for the doxorubicin question, we have now performed experiments treating three SySa cell
lines HS-SY-II, 1273/99 and Yamato-SS with doxorubicin and TAK981. Interestingly, our results
show that even as these cell lines are mostly insensitive to doxorubicin by themselves, addition
of TAK981 shows potent synergistic cell growth reduction (see new Fig. 4E and Supplemental
Fig. S7). This is consistent with our transcriptomic data showing a very strong reduction in
Doxorubicin resistance genes upon TAK981 treatment.

e Re: Fig 5. This is a great way to address if TAK-981 is affecting SS18::SSX induced biology.
My concern is that perhaps the best supporting data has been cherry-picked and
selectively presented. Specifically, the full list of Jerby-Arnon "core oncogenic program"
genes should be shown so the reader can assess not only the ones where the expression
is reversed, but also for how many of those genes there is actually no effect.

We have now shown heatmaps for all the genes in the Jereby-Arnon “core oncogenic program”
in the new Supplemental Fig. S6 (A-D) In these new figures, it can be appreciated that a very
large proportion of the SySa target genes are reversed by TAK-981 treatment (as evidenced by
the highly statistically significant GSEA normalized enrichment scores) in addition to the leading
edge genes displayed in the main Figure.



e The key finding (Fig 5G) that SUMO2 knockdown leads to a decreased level of the
SS18::SSX oncoprotein itself is only shown for HS-SY-II cells; this particular finding is
especially important to assess in multiple cell lines (as is done for many other less-
critical figure panels in this manuscript).

We thank the reviewer for pointing this out. We have now knocked down SUMO?2 in another
SySa cell line SYO1 and see similar reduction in the fusion. See Supplemental Fig. S9

e Some of the text in the results section "SUMO2 inhibition diminishes S518-SSX
chromatin occupancy..." describing Figure 6 does not match what is actually presented
in Figure 6. Specifically line 267-8 states "our studies showed a marked reduction in
H2AK119ub in SYO1, HS-SY-II, 1273/99 and Aska cell lines treated with TAK-981 as
assessed using immunoblotting (Fig. 6C)" but panel 6C shows ChIP-Seq funnel plots
instead. On the other hand there is a Figure 6E panel that is not mentioned in the results
section, but which appears to show reduced H2AK119Ub levels with treatment --
although only for SYO1, not for the other three cell lines as had been stated in the text
(and would be important to show, as this is another key experiment implying there is an
on-target anti-synovial sarcoma mechanism of action)

We thank the reviewer for pointing this discrepancy out, which we have now fixed. We have
done a more extensive analysis of H2AK119ub, which shows 1) a generally higher H2AK119ub
on SySa target genes compared to expression matched controls (see new Fig.6E), and a higher
reduction of H2AK119ub on SySa target genes upon TAK981 treatment (see new Fig.6F)
compared to nontarget genes (see new Fig. 6G). In addition, addressing the last part of the
comment, we have now added H2AK119ub data in 2 other cell lines — Yamato SS and 1273/99 -
where the result is consistent — TAK981 treatment leads to a reduction in H2AK119ub. See new
supplemental figure S12.

Re: in vivo experiments, Figure 7: given the demonstrated effect on SS18::SSX protein in panels
5H/I, the authors' generation of FFPE blocks suitable for Ki67 IHC (panels 7G, 70), their use of
the recently-developed SS18::SSX specific antibody for CUT&RUN (line 549), the published
proven value of this antibody for IHC (PMIDs: 32141887, 32559341, 35880992, 37899499), and
the value of showing an on target effect in vivo, the authors should easily be able to perform
additional IHC for SS18::SSX on the treated vs control mouse xenograft tumors to see if this
backs up what they showed in vitro in figure 5.

We agree this is important — we have now performed IHC staining on in vivo tumor sections
with the SS18-SSX fusion antibody and our results show that just like in our in vitro studies,
TAK981 treated tumors show a significantly diminished SS18-SSX fusion. Please see our new IHC
data from SYO1 implanted mice in Fig.7S-R.



Minor comments

Abstract: limb amputation is very rarely needed for synovial sarcoma - it would be better to
justify the need for this study by saying something along the lines that current systemic
therapies have little impact on survival.

We have now removed this comment and would like to thank the reviewer for pointing this
out.

Stylistically a recent consensus has been reached that fusion oncogenes and their chimaeric
oncoproteins are designated with a double colon (S518::55X) rather than a hyphen or slash as
was variably done in previous literature (applies throughout manuscript, where a hyphen has
been used). Also in introduction and results remember that RNA/DNA gene names should be
italicized, so as to distinguish gene from protein e.g. for SS18.

We have now made this change throughout the revised manuscript.

Figure 2 shows SYO-1 cells for the screen experiment, but the legend and methods state HS-SY-
Il

We have now fixed this.

Reviewer #3 (Significance (Required)):
Significance:

This work is a tangible advance in the field, and opens the door to interesting mechanistic
studies that may have implications for SUMO / epigenetic biology, as well as providing strong
preclinical evidence for a new therapy -- a paper like this might mean synovial sarcomas get
added to existing solid tumor trials of SUMO inhibitors. The work has direct interest to both the
sarcoma foundational science community and the medical oncology community.

The science is well done overall; results are believable in the context of the existing body of
literature (in the opinion of this reviewer who has expertise in the biology, pathology and
medical oncology of sarcomas).

We thank the reviewers for their comprehensive review of our manuscript substantially
improving the revised version.



1st Editorial Decision 30th Apr 2025

Dear Dr Deshpande,

Thank you for submitting your revised manuscript (EMBOJ-2025-120758-T) to The EMBO Journal, as well for your patience with
our response. Your amended study was sent back to the three referees for their scientific reassessment, and we have received
detailed re-reports from two of them, which | enclose below. Please note that while referee #1 was unfortunately not able to
reassess your work, we have now editorially evaluated your response to this expert and found the issues raised to be addressed
satisfactorily. As you will see, the other experts state that the work has been substantially enhanced by the revisions and they
are now broadly in favour of publication, pending minor revision.

Thus, we are pleased to inform you that your manuscript has been accepted in principle for publication in The EMBO Journal.
Please carefully consider the remaining minor points raised by referee #3, revising data presentation and annotation.

Also, we now need you to take care of a number of minor issues related to formatting and data annotation, which | will share
shortly in a separate message, together with additional changes and requests by our production team including for Source Data
provision.

Please contact me at any time if you have additional questions related.

As you might have noted from our webpage, every paper at the EMBO Journal now includes a 'Synopsis', displayed on the html
and freely accessible to all readers. The synopsis includes a 'model' figure as well as 2-5 one-short-sentence bullet points that
summarize the article. | would appreciate if you could provide this figure and the bullet points.

Thank you for giving us the chance to consider your manuscript for The EMBO Journal. | look forward to your final revision.

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

Best regards,

Daniel Klimmeck

Daniel Klimmeck PhD
Senior Editor
The EMBO Journal

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

Referee #2:

The authors have addressed my previous concerns adequately and | have no further comments.

Referee #3:
The comments and critiques in my original Review Commons report have all been adequately addressed, including by

generating recommended new supporting data (which does further support the authors' original conclusions).

My additional comments are all quite minor:



- the .pdf versions of Supplemental Tables S1, S3 and S4 do not properly render the contents of the .xIs versions (at least on the
review site)

- response to the Re: Fig 3 critique points to "new Fig. 5E" but the relevant data appears to be in Fig. 4E

- response to comment about Fig. 5g points to Supplemental Fig. 9 but the relevant data appears to be in Supplemental Fig. 10
- response to comment about Fig. 6 points to "new Supplemental Fig. S11" but the relevant data appears to be in Supplemental
Fig. S12
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Rev_Com_number: RC-2024-02710

New_manu_number: EMBOJ-2025-120758-T

Corr_author: Deshpande

Title: SUMO2 Inhibition Reverses Aberrant Epigenetic Rewiring in Synovial Sarcoma and Impairs Tumorigenesis



Editor's Correspondence 8th May 2025

Dear Dr Deshpande,

Further to below, please find enclosed the mentioned additional formatting requirements for your article.
Please let me know any time of you have additional questions related.

We look forward to your final resubmission, mission.

Best regards,

Daniel Klimmeck

Daniel Klimmeck PhD

Senior Editor
The EMBO Journal

Kkkkkkkkkk

Formatting changes required for the revised version of the manuscript:

>> Please provide the main manuscript text as .docx file.

>> Author Contributions: Remove the author contributions information from the manuscript text. Note that CRediT has replaced
the traditional author contributions section as of now because it offers a systematic machine-readable author contributions
format that allows for more effective research assessment. and use the free text boxes beneath each contributing author's name
to add specific details on the author's contribution.

More information is available in our guide to authors.

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

>> Adjust the title of the 'Conflict-of-interest disclosure’ section to 'Disclosure and Competing Interests Statement'.

>> Provide a completed Author Checklist.

>> Add complete annotation of animal husbandry - mouse ethics to the Methods and adjust the Author Checklist accordingly.

>> Section order should be corrected as follows: title page with complete author information, abstract, keywords, introduction,
results, discussion, methods, data availability section, acknowledgements, disclosure and competing interests statement,
references, main figure legends, tables, expanded figure legends.".

The figure legends should be compiled at the end of the manuscript text

>> The "Significance" paragraph should be removed from the manuscript text.

>> Figure callouts: Please ensure that the following figures and panels are called out in sequential order: Fig.3B, 3C, 5F.

>> Please provide source data for the study as to the separate request e-mail.

>> References: please adjust reference format to EMBO Journal format, 10 authors et al, and place References after the
Discussion, before figure legends.



>> Please recheck references for the bioRxiv entries Dempster et al. (2019) & Love et al. (2014) and update the citations if in the
meantime published as regular article.

>> Please add a Reagents and Tools table to the Methods section, as a separate file using the existing template in the Guide
For Authors, listing key reagents, experimental models, software and relevant equipment.

>> Dataset EV legends: Table S1 and Table S4 should be renamed "Dataset E1" and "Dataset EV2". Tables S2 and S3 should
be renamed "Table EV1" and "Table EV2". All need legends added to the files.

>> Appendix: add a table of contents (with page numbers) to the first page. The nomenclature needs correcting to "Appendix
Figure S1" etc, and the legends should be moved underneath each corresponding figure.

>> Biorender: remove from Acknowledgements and add a section to the Data Availability Section, using the following format:
Graphics:
(some of the... OR Figure #... OR synopsis) Graphics were created with BioRender.com.

>> Data availability section: please add a specific URL for GSE276074 dataset.

>> Please indicate redisplay of data from:
>>>> Appendix figure S9 in the figure legend of Appendix Figure S11.
>>>> Appendix figure S12 in the figure legend of Appendix Figure S10.

>> Please provide higher-resolution images for
>>>> Appendix Figures S1B / S2B / S5A&B / S7A.

>> Consider additional changes and comments from our production team as indicated below:

- Figure legends:

1. Please note that the exact p values are not provided in the legends of figures 3B, C, D, G, I; 7C, J, K, N, P, Q, S

2. Please indicate the statistical test used for data analysis in the legends of figures 1D; 3B, C, D, G, |; 4A, B, E

3.Please indicate what */ **/ ***/ **** represents; if this represents p value(s), please indicate the statistical test used and where
appropriate, specify the exact p value in the legend(s) of figure(s) 7B, F, H, |

4. Please note that information related to n is missing in the legends of figures 3E, 4A, B; 7B, N, P, Q

5. Although 'n' is provided, please describe the nature of entity for 'n" in the legends of figures 3A, B, C, D, G, I; 7C, J, K

6. Please note that the error bars are not defined in the legends of figures 7B, J, K, N, P, Q, S

7. Please note that the measure of center for the error bars needs to be defined in the legends of figures 3A, B, C, D, E, G, I; 7C
8. Please note that scale bar and its definition are missing for figures 7E, G, M, O

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



1st Authors' Response to Reviewers 11th Jun 2025

The authors addressed the remaining editorial issues.



1st Revision - Editorial Decision 23rd Jul 2025

Dear Dr Deshpande,

Thank you for submitting the revised version of your manuscript. | have now evaluated your amended manuscript and concluded
that the remaining minor concerns have been sufficiently addressed.

I am thus pleased to inform you that your manuscript has been accepted for publication in the EMBO Journal.

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

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

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

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

On a different note, | would like to alert you that EMBO Press offers a format for a video-synopsis of work published with us,
which essentially is a short, author-generated film explaining the core findings in hand drawings, and, as we believe, can be very
useful to increase visibility of the work. Please see the following link for representative examples and their integration into the
article web page:

https://www.embopress.org/video_synopses

https://www.embopress.org/doi/full/10.15252/embj.2019103932

Please let me know, should you be interested to engage in commissioning a similar video synopsis for your work. According
operation instructions are available and intuitive.

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

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

Best regards,

Daniel Klimmeck

Daniel Klimmeck, PhD
Senior Editor

The EMBO Journal
EMBO

Postfach 1022-40
Meyerhofstrasse 1
D-69117 Heidelberg
contact@embojournal.org



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

Corresponding Author Name: Ani Deshpande USEFUL LINKS FOR COMPLETING THIS FORM
Journal Submitted to: EMBO The EMBO Journal - Author Guidelines
Manuscript Number: 2025-120758-T EMBO Reports - Author Guidelines

Molecular Systems Biology - Author Guidelines
EMBO Molecular Medicine - Author Guidelines
Reporting Checklist for Life Science Articles (updated January
This checklist is adapted from Materials Design Analysis Reporting (MDAR) Checklist for Authors. MDAR establishes a minimum set of requirements in
transparent reporting in the life sciences (see Statement of Task: 10.31222/osf.io/9sm4x). Please follow the journal's guidelines in preparing your
Please note that a copy of this checklist will be published alongside your article.

Abridged guidelines for figures
1. Data
The data shown in figures should satisfy the following conditions:
— the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the experiments in an accurate
and unbiased manner.
ideally, figure panels should include only measurements that are directly comparable to each other and obtained with the same assay.
plots include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should not be shown for technical
if n<5, the individual data points from each experiment should be plotted. Any statistical test employed should be justified.
Source Data should be included to report the data underlying figures according to the guidelines set out in the authorship guidelines on Data
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2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:
— a specification of the experimental system investigated (eg cell line, species name).
— the assay(s) and method(s) used to carry out the reported observations and measurements.
— an explicit mention of the biological and chemical entity(ies) that are being measured.
— an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.
— the exact sample size (n) for each experimental group/condition, given as a number, not a range;
— a description of the sample collection allowing the reader to understand whether the samples represent technical or biological replicates (including
how many animals, litters, cultures, etc.).
a statement of how many times the experiment shown was independently replicated in the laboratory.
= definitions of statistical methods and measures:
- common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney tests, can be
unambiguously identified by name only, but more complex techniques should be described in the methods section;
- are tests one-sided or two-sided?
- are there adjustments for multiple comparisons?
- exact statistical test results, e.g., P values = x but not P values < x;
- definition of ‘center values’ as median or average;
- definition of error bars as s.d. or s.e.m.

!

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

Materials
0 Information included in In which section is the information available?
Nenlvicreatedivaledals the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
New materials and reagents need to be available; do any restrictions apply? Yes Materials and Methods
Antibodies Information included in In which section is the information available?
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
For antibodies provide the following information:
- Commercial antibodies: RRID (if possible) or supplier name, catalogue Yes Reagents and Tools table
number and or/clone number
- Non-commercial: RRID or citation
Information included in In which section is the information available?
DNA and RNA sequences the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Short novel DNA or RNA including primers, probes: provide the Yes Reagents and Tools Table
sequences.
Cell materials Information included in In which section is the information available?
the ipt? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Cell lines: Provide species information, strain. Provide accession number
in repository OR supplier name, catalog number, clone number, and/OR Yes Reagents and Tools Table
RRID.
Primary cultures: Provide species, strain, sex of origin, genetic
modification status.
Report if the cell lines were recenlly.aut.hentlcated (e.g., by STR profiling) Yes Reagents and Tools Table
and tested for mycoplasma contamination.
N . Information included in In which section is the information available?
Eeelnegalanins S the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Laboratory animals or Model organisms: Provide species, strain, sex,
age, genetic modification status. Provide accession number in repository Yes Reagents and Tools Table
OR supplier name, catalog number, clone number, OR RRID.

Animal observed in or captured from the field: Provide species, sex,
and age where possible.

Please detail housing and husbandry conditions. Yes Materials and Methods
A Information included in i ion i il i i ?
Plants and microbes a In which section is the mforma_tlon avanlabl_e
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
Plants: provide species and strain, ecotype and cultivar where relevant,
unique accession number if available, and source (including location for
collected wild specimens).
Micre : provi i nd strain, uni ion number if
c} obes: provide species and strain, unique accession number Yes Reagents and Tools Table
available, and source.
- Information included in In which section is the information available?
Human research participants the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
If collected and within the bounds of privacy constraints report on age, sex
and gender or ethnicity for all study participants.
Core facilities Information included in In which section is the information available?
the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
If your work benefited from core facilities, was their service mentioned in
Yes Acknowledgements

the acknowledaments section?

Design


https://www.embopress.org/page/journal/14602075/authorguide
https://www.embopress.org/page/journal/14693178/authorguide
https://www.embopress.org/page/journal/17444292/authorguide
https://www.embopress.org/page/journal/17574684/authorguide
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x
https://doi.org/10.31222/osf.io/9sm4x

Ethics

Study protocol

Information included in
the manuscript?

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

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

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

Laboratory protocol

Information included in
the manuscript?

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

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

Experimental study design and statistics

Information included in
the manuscript?

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

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

Yes

Materials and Methods

Were any steps taken to minimize the effects of subjective bias when
allocating anil nples to (e.g. ization pl )?
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 justification.

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

Figures

Information included in

In which section is the information available?

Sample and Y the manuscript? (Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)
!n the figure legends: state number of times the experiment was replicated Yes Figures
in laboratory.
In the figure legends: define whether data describe technical or biological .
N Yes Figures

Ethics

Information included in
the manuscript?

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

Studies involving human p; State details of 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://w 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?

Reporting

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

specific guidelines and recommendations to complement MDAR.

to

Information included in
the manuscript?

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

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

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

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

Data Availability

Data availability

Information included in
the manuscript?

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

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

Yes

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.

Materials and Methods



https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm
https://www.selectagents.gov/sat/list.htm

	Targeting SUMO2 Reverses Aberrant Epigenetic Rewiring Driven by SS18::SSX Fusion Oncoproteins and Impairs Sarcomagenesis
	Review Timeline:
	Transaction Report:

	Merged Decision Summary PDF Section 1
	Merged Decision Summary PDF Section 2
	Merged Decision Summary PDF Section 3
	Merged Decision Summary PDF Section 4
	Merged Decision Summary PDF Section 5
	Blank Page



