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1st Editorial Decision 22nd Aug 2019

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
received feedback from the three reviewers who agreed to evaluate your manuscript. As you will see
from the reports below, the referees acknowledge the interest of the study and are overall supporting
publication of your work pending appropriate revisions.

Addressing the reviewers' concerns in full will be necessary for further considering the manuscript
in our journal, and acceptance of the manuscript will entail a second round of review. EMBO
Molecular Medicine encourages a single round of revision only and therefore, acceptance or
rejection of the manuscript will depend on the completeness of your responses included in the next,
final version of the manuscript. For this reason, and to save you from any frustrations in the end, I
would strongly advise against returning an incomplete revision.

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

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

2) Individual production quality figure files as .eps, .tif, .jpg (one file per figure).
3) A .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point

responses to their comments. As part of the EMBO Press transparent editorial process, the point-by-
point response is part of the Review Process File (RPF), which will be published alongside your

paper.
4) A complete author checklist, which you can download from our author guidelines
(https://www.embopress.org/page/journal/17574684/authorguide#submissionofrevisions). Please

insert information in the checklist that is also reflected in the manuscript.

5) Before submitting your revision, primary datasets produced in this study need to be deposited in
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an appropriate public database (see
https://www.embopress.org/page/journal/17574684/authorguide#dataavailability).

Please remember to provide a reviewer password if the datasets are not yet public.

The accession numbers and database should be listed in a formal "Data Availability " section
(placed after Materials & Method). Please note that the Data Availability Section is restricted to new
primary data that are part of this study.

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

6) We would also encourage you to include the source data for figure panels that show essential
data. Numerical data should be provided as individual .xlIs or .csv files (including a tab describing
the data). For blots or microscopy, uncropped images should be submitted (using a zip archive if
multiple images need to be supplied for one panel). Additional information on source data and
instruction on how to label the files are available at
<https://www.embopress.org/page/journal/17574684/authorguide#sourcedata>.

7) 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
<https://www.embopress.org/page/journal/17574684/authorguide#referencesformat>.

8) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc... in the text and their respective legends should be included
in the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called * Appendix*, which should start with
a short Table of Content. Appendix figures should be referred to in the main text as: "Appendix
Figure S1, Appendix Figure S2" etc.

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV 1, etc.
Legends have to be provided in a separate tab in case of .xls files. Alternatively, the legend can be
supplied as a separate text file (README) and zipped together with the Table/Dataset file.

See detailed instructions here:
<https://www.embopress.org/page/journal/17574684/authorguide#expandedview>.

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

- the medical issue you are addressing,

- the results obtained and

- their clinical impact.

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

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

11) Every published paper now includes a 'Synopsis' to further enhance discoverability. Synopses

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

Please also suggest a striking image or visual abstract to illustrate your article. If you do please
provide a jpeg file 500 px-wide x 400-px high.

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

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

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

EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are
published by others during review or revision are not a criterion for rejection. Should you decide to
submit a revised version, I do ask that you get in touch after three months if you have not completed
it, to update us on the status.

I look forward to receiving your revised manuscript.

Yours sincerely,

Lise Roth

Lise Roth, PhD
Editor
EMBO Molecular Medicine

To submit your manuscript, please follow this link:

https://embomolmed.msubmit.net/cgi-
bin/main.plex?el=A2EI6kKK4BSCtbT717A9ftdnZy AK7jxZE96RSqNp15tNAY

Please do not share this URL as it will give anyone who clicks it access to your account.

* Additional important information regarding Figures

Each figure should be given in a separate file and should have the following resolution:
Graphs 800-1,200 DPI

Photos 400-800 DPI

Colour (only CMYK) 300-400 DPI"

Figures are not edited by the production team. All lettering should be the same size and style; figure
panels should be indicated by capital letters (A, B, C etc). Gridlines are not allowed except for log
plots. Figures should be numbered in the order of their appearance in the text with Arabic numerals.
Each Figure must have a separate legend and a caption is needed for each panel.
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* Additional important information regarding figures and illustrations can be found at
http://bit.ly/EMBOPressFigurePreparationGuideline

wEkxEE Reviewer's comments *#% 4%
Referee #1 (Comments on Novelty/Model System for Author):

Prieto-Garcia and coworkers report USP28 as an deubiquitinase for ANp63 which is essential for
maintaining lung squamous cancer cell (SCC) identity and its proliferation. Functionally, they show
that inhibiting USP28 activity in human cell lines as well as in GEMM mouse models of lung cancer
suppresses. The strong point of this work is the use of state of the art GEMM mouse models for lung
cancer and molecular characterization of USP28 as a therapeutic vulnerability in SCC. The
experiments are in general rigorous and done using state of the art elegant methods. The conclusions
are interesting and bring an advance in the field of lung cancer. Here are some aspects of this work
that need improvement.

Major comments:

1) Authors should attempt to identify the sites of ubiquitination/deubiquitination in DNp63. These
information will be useful to further design rescue experiments. In addition, linkage types
(K48/K63) of polyubiquitin chains on DNp63 need to be shown by use of proteomics approach.

2) The authors should address and/or discuss the issue of inhibition/depletion of USP28 being solely
dependent on DNp63 as many other USP28 substrates (Myc, Notch, c-Jun) were known to play a
key role in lung cancer progression. They could check for the levels of these oncogenes in their KPL
as well as KPLU mouse models and cell lines. In addition, it would be interesting to know what are
the effects of USP28 inhibition/depletion in the background of ubiquitination deficient mutants of
DNp63?

3) The authors should add molecular weight markers for all the blots throughout the manuscript.

Minor comments:

1) Immunofluorescence data (Fig.3 A, I) should be moved to supplementary figures. To keep
consistency in immunofluorescence data, probe for DNp63 and USP28 as well.

2) Please check whether all the figures are cited in the result section. for example. Fig. 31 is not
cited.

3) Labelling in Fig. 3D is missing. Line no. 478 (figure number missing)

4) Why does KPLU panels in Fig. 5C are positive for USP28?

Referee #1 (Remarks for Author):

It is a very dense and elaborate paper with a clear medical importance yet down very carefully at the
molecular level and using very innovative mouse models. After revisions this would be appropriate
for EMBO Mol Med

Referee #2 (Remarks for Author):

I enjoyed reading Prieto-Garcia and colleagues' work as a pre-print and it has been further improved
during the review process to date. It is a significant body of work and a well-written manuscript.

Major comments

* The authors do not discuss prior work showing that USP28 stabilizes TP53 during mitotic quality
control which is surprising given the overall structural similarities between TP53 and TP63 and the
frequency of TP53 in SCCs. Do they think that USP28i will be affected by TP53 status (most of the
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models tested are TP53 deficient)?

» Multiple gene expression analyses (panels 1A, 1B, 40, 4P, 7B) make comparisons with normal
tissue controls but these might be inappropriate in the context of lung SCCs as a result of not being
from the matched tissue of origin (i.e. airways instead of lung parenchyma). There is no getting
around this but the authors should be more cautious in their interpretation of these data.

* The data concerning tumor initiation are exciting but those on maintenance might fall short of full
demonstration that USP28 is required for tumor maintenance. This is not an inducible system, rather
cultured cells are instilled into airways from a previous generation of mouse with/without USP28
knockdown. As such, it is possible that the lack of tumors in USP28 knockdown lines reflects
impaired engraftment rather than maintenance.

Minor comments

* Line 108 - 'frequently mutated' could be misleading, the authors might specify (i.e. 10% in cSCC,
6% in LUSC etc.)

* Line 259 - the authors could explain why murine USP28 is used here. What is the sequence
similarity with the human protein?

* Line 586 - in their discussion the authors state that the USP28 knockdown cells phenocopied
deltaNP63 knockdown cells but this is partial (6.8% of upregulated, 21.8% downregulated). More
discussion of the possible causes of the discordance would not take away from the value of these
findings.

* Figure 4I - what is the statistical test?

* Cut-offs should be defined for all Kaplan-Meier curves - are they split on the median? Upper/lower
quartile?

* The numbers of experimental replicates should be added to figure legends throughout; it is often
not clear what a blot is representative of or what is being quantified.

* Figure 5D/E - it would be interesting to split tumor size and area by tumor histology here. The
possible effects on ADC tumors is underexplored in the data as presented.

* Figure 7G - why do the authors present statistics comparing the shRNAs in different cell lines
rather than each to it's non-targeting control?

* Figure 8E/H - IC50 values should not be calculated from so few data points. Based on the existing
data it is not possible to say where between 10-30 uM the IC50 falls.

* The sources of publicly available datasets should be included in the relevant figure legends.

* Additional information on the cell lines used would be useful (passage numbers/population
doublings?), any verification that was performed?

* Methods should be added for the culture of cells from GEMMs as details are currently only
provided in a supplementary figure. How long were cells cultured before re-implantation? Did the
authors look at the TP63 status of these cells?

Typos: Line 80 (squamous cell carcinomas), 82 (as a consequence), 113 (missing comma), 289
(decreased SCC proliferation), 352, 478 (missing Figure numbers), 493 (delete 'cells").

Referee #3 (Remarks for Author):

The transcription factor ANp63 is a master regulator of epithelial cell identity and essential for the
survival of squamous cell carcinoma (SCC) of lung, head and neck, oesophagus, cervix and skin.
The authors here report that the deubiquitylase USP28 stabilizes ANp63 and maintains elevated
ANP63 levels in SCC by counteracting its proteasome-mediated degradation. Impaired USP28
activity, either genetically or pharmacologically, abrogates the transcriptional identity and
suppresses growth and survival of human SCC cells. CRISPR/Cas9-engineered in vivo mouse
models establish that endogenous USP28 is strictly required for both induction and maintenance of
lung SCC.

These data strongly suggest that targeting ANp63 abundance via inhibition of USP28 might
constitute a promising strategy for the treatment of SCC tumours.

The paper has clinical relevance for SCC treatment. In general, the experiments are well designed
and all controls appropriate. However, the quality of some experiments can be improved.

There are some issues/clarifications required to further improve this work.

1) The ubiquitination data presented in fig. 2B,C and E (and throughout the paper) are not very easy
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to fully understand. ANp63 is not clearly marked and it is therefore not easy to appreciate the ANp63
ubiquitinated forms. Please add the MW on blot sides and arrows pointing to the correct size for
ANp63.

2) Was ANp63 ubiquitination ever tested in reducing condition? This experiment would to rule out
that changes in ubiquitination are specific for ANp63 and not derived from changes in ubiquitination
of associated proteins coprecipitating with ANp63?

3) Is the catalytically inactive USP28C171A working in affecting ubiquitination of endogenous
ANp63 in SCC cell lines?

4) Page 9, line 282-283: "Both SCC cells and tumours depend on ANp63 for maintaining
proliferation and cell identity" The concept of cell identity is not very clear. Please explain.

5) Page 9, line 289: "Depletion of ANp63 decreased SCC (Figure S4B) and cell cycle profiling
indicated a mild S-phase arrest" Please specify that it is proliferation decreased.

6) Page 10, lines 295-305: The rationale of this experiments is not well define as is its conclusion.
Do the authors want to prove that the two proteins have partial common function and overlapping
control of a defined subset of genes? Please clarify.

7) Page 13, Lines 434-435: "Taken together, these data show that USP28 is required for the
maintenance of lung SCC" What does it mean maintenance of lung SCC? This concept is not clear.
These experiments seem to establish a role in lung metastases.

8) Fig. S7D: USP28 is expressed in all SCC cells of different origins. However, ANp63 is only
expressed in 3 out of 7 cell lines. These data would suggest a role of USP28 which is also ANp63-
independent. Please discuss this aspect.

9) Fig. 8A is partially cut and panel letters not visible. Fig. 8A: adding arrows pointing out active or
inactive USP28 would make the panel easier to understand.

10) Lines 541-546: "As USP28 has several targets, including the transcription factors cMYC, cJUN
and NOTCH (Diefenbacher et al., 2015; Diefenbacher et al., 2014; Popov et al., 2007a; Schulein-
Volk et al., 2014), the transcriptional responses in SCC cells are dominated by its effects on ANp63,
arguing that this axis establishes a unique dependence and hence may open a wide therapeutic
window for targeting SCC of various tissue origins via USP28". This section is more appropriate for
the Discussion.

11) The Discussion is very slim and does not discuss additional targets of USP28 (mentioned above)
and their possible contribution to SCC. Please expand considerably.

1st Revision - authors' response 19th Dec 2019

Point-by-point response to reviewers

We would like to thank all three reviewers again for their friendly and thoughtful
comments on our manuscript. Please find the detailed replies below.

Referee #1

Prieto-Garcia and coworkers report USP28 as an deubiquitinase for ANp63
which is essential for maintaining lung squamous cancer cell (SCC) identity
and its proliferation. Functionally, they show that inhibiting USP28 activity in
human cell lines as well as in GEMM mouse models of lung cancer
suppresses. The strong point of this work is the use of state of the art
GEMM mouse models for lung cancer and molecular characterization of
USP28 as a therapeutic vulnerability in SCC. The experiments are in
general rigorous and done using state of the art elegant methods. The
conclusions are interesting and bring an advance in the field of lung cancer.
Here are some aspects of this work that need improvement.
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Major comments:

1) Authors should attempt to identify the sites of
ubiquitination/deubiquitination in DNp63. These information will be useful to
further design rescue experiments. In addition, linkage types (K48/K63) of
polyubiquitin chains on DNp63 need to be shown by use of proteomics
approach.

We appreciate the reviewers’ comment and suggestion regarding the
ubiquitylation status of DNp63, and which sites are used. To address which
lysine residue and what kind of chain type is present on DNp63 under
various conditions, we collaborated with experts in the field of proteomics.

In order to analyse the ubiquitylation pattern found on DNp63, a total of
12 conditions were analysed by mass spectrometry:

1- Non targeting control IP DNp63
2- shRNA-USP28 IP DNp63

3- Non targeting control TUBE IP DNp63
4- shRNA-USP28 TUBE-IP DNp63

5- Non targeting control MG132 IP DNp63
6- shRNA-USP28 MG132 IP DNp63

7- DMSO TUBE IP DNp63
8- AZ1 IP DNp63

9- AZ1 MG132 IP DNp63
10- AZ1 TUBE IP DNp63

11-DMSO IP DNp63
12-MG132 |IP DNp63

All samples were measured on a QExactive HF with a 60min gradient.
For data analysis all RAW-files were combined and searched against
human proteome database (SwissProt: 2018-11-21) with diGly as dynamic
modification at lysines. As expected, in all samples we were able to detect
DNp63 with an overall sequence coverage of ~60%.

Protein Sequence Coverage

MLYLENNAQT QFSEPQYTNL GLLNSMDQQI ONGSSSTSPY NTDHAQNSVT APSPYAQPSS TFDALSPSPAI
PSNTD YPGPHSFDVS FQQSSTAKSA TWTYSTELKK LYCQIAKTCP IQIKVMTPPP

QGAVIRAMPV YKKAEHVTEV VKRCPNHELS REFNEGQIAP PSHLIRVEGN SHAQYVEDPI TGRQSVLVPY
EPPQVGTEFT TVLYNFMCNS SCVGGMNRRP ILIIVTLETR DGQVLGRRCF EARICACPGR DRKADEDSIR
KQQVSDSTKN GDGTKRPFRQ NTHGIQMTSI KKRRSPDDEL LYLPVRGRET YEMLLKIKES LELMQYLPQH
TIETYRQQQQ

QQHQHLLOKQ TSIQSPSSYG NSSPPLNKMN SMNKLPSVSQ LINPQORNAL TPTTIPDGMG ANIPMMGTHM
PMAGDMNGLS PTQALPPPLS MPSTSHCTPP PPYPTDCSIV SFLARLGCSS CLDYFTTQGL TTIYQIEHYS
MDDLASLKIP EQFRHAIWKG ILDHRQLHEF SSPSHLLRTP SSASTVSVGS SETRGERVID AVRFTLRQTI
SFPPRDEWND

FNFDMDARRN KQQORIKEEGE

(Detected peptides are highlighted in green)
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We could not detect any GG remnants on p63, which might be the
result of low stoichiometry of the ubiquitylated residues compared to the
unmodified. Additionally, we cannot exclude unfavourable physiochemical
properties of the modified peptide for mass spectrometry.

In parallel, by performing SPOT interaction studies, we were able to
detect two modes of interaction for USP28 on DNp63; interaction via the
phospho-degron motive of Fbxw?7, or via lysine containing domains (Figure
S2, Figure for reviewers 1 and lines 865 to 897). Therefore, we decided to
generate DNp63“°R and DNp63K'®s* (deletion of lysine encoding codons)
mutant constructs (Figure S7A and B) as tools to rescue the USP28
dependency and were able to observe that treatment with the USP28
inhibitor did not reduce mutant protein abundance (Figure S7B). This is in
line with the previous observations that the mammalian transcription factor
MYC, which harbours several lysine residues, is still degraded in a
proteasomal fashion when lysines are available (Jaenicke et al., 2016).
Hence, all lysine residues were required to be mutated to prevent
degradation.

To address linkage types on DNp63 in cells, we performed Ni-NTA
pulldown experiments under denaturing conditions in HEK293 cells
transiently transfected with either His-K48 or His-K63 only ubiquitin and
FLAG-tagged DNp63. In this experimental set up both chain types could be
identified on DNp63 (please see Figure 2C), but only His-K48 ubiquitin was
removed when USP28 was overexpressed, showing that USP28 removes
degradative ubiquitin chains on DNp63, resulting in the stabilisation of this
oncoprotein.

We also attempted to identify ubiquitin chains on endogenous
DNp63, but, unfortunately, we were not able to detect the ubiquitin chain
types found on endogenous DNp63 by proteomic approaches.

2) The authors should address and/or discuss the issue of
inhibition/depletion of USP28 being solely dependent on DNp63 as many
other USP28 substrates (Myc, Notch, c-Jun) were known to play a key role
in lung cancer progression. They could check for the levels of these
oncogenes in their KPL as well as KPLU mouse models and cell lines. In
addition, it would be interesting to know what are the effects of USP28
inhibition/depletion in the background of ubiquitination deficient mutants of
DNp63?

In other tissue models such as small intestine and colon, cJUN,
cMYC and Notch1 are required for tumour growth (Diefenbacher et al.,
2015; Diefenbacher et al., 2014; Jaenicke et al., 2016; Schulein-Volk et al.,
2014). We decided to addressed this point by performing
immunohistochemistry on lung tumour samples of our CRISPR/Cas9
mouse cohort, KPL and KPLU, and complemented the analysis by
assessing the protein abundance of the USP28 substrates in tumour lysates
from KPL and KPLU tumour explants (ﬁlease see Figure 5F-G and S5G). In
line with our observation in USP28°"""* and DNp63*"™* cell lines (Figure
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S4J), tumours depleted of USP28 showed reduced protein levels of DNp63,
but also of active Notch1 by immunoblotting and IHC, while protein levels of
cMYC and cJun were not affected (Figure 5G and S5G). We added a
subsection within the discussion part focusing on a potential involvement of
NOTCH singnaling on the observed phenotypes.

F G G
& &
USP28 [W Lo .
ANpB3 [ ', [ —] ‘
LKB1 e [ =] :
VINCULIN == [ ™ VINCULIN s | )

New Figure 5F and G, and S5G (please see manuscript and figures for
more information).

To address the effects of inhibition of USP28 in ubiquitin deficient
DNp63, we generated two mutant constructs either exchanging lysine to
arginine (DNp63"°?) or depleting all lysine residues (DNp63“°*%). We used
the Fbxw7 and USP28 wild type cell line HEK293T to transiently
overexpress the two mutant constructs. As a control we overexpressed the
wild type form of DNp63. We were able to observe an increase in protein
expression of the two mutant variants of DNp63, when compared to the wild
type variant, however, these constructs resulted in a induced expression of
cytokeratin 14, an SCC identity marker directly regulated by DNp63.
Furthermore, addition of the inhibitor AZ1 resulted in the reduction of wild
type DNp63 and cytokeratin 14, while the mutant variants DNp63“'°? and
DNp63"*** were not affected (Figure S7). This demonstrates that USP28
regulates DNp63 protein stability and this process requires the presence of
lysine residues on the substrate. Additionally, the physiological role of
DNp63 depends on lysine residues as well.
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Relative KRT14 0.55 0.59 0.61 0.64 1 0.60

New Figure S7A and B (please see manuscript and figures for more
information).

3) The authors should add molecular weight markers for all the blots
throughout the manuscript.

We are sorry for this mistake and have added molecular markers
where suitable.

Minor comments:
1) Immunofluorescence data (Fig.3 A, 1) should be moved to supplementary
figures. To keep consistency in immunofluorescence data, probe for DNp63
and USP28 as well.

Following the reviewers’ suggestion, we have moved the
immunofluorescence staining to the corresponding supplementary figure
(Figure S3).

2) Please check whether all the figures are cited in the result section. for
example, Fig. 3l is not cited.

We are sorry for this mistake and have addressed figure citation
errors throughout the manuscript.

3) Labelling in Fig. 3D is missing. Line no. 478 (figure number missing)

We thank the reviewer for noticing this error, which has been
amended, and labeling was added to the figure.

4) Why does KPLU panels in Fig. 5C are positive for USP28?
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As USP28 protein abundance is significantly reduced in tumour
lysates from KPLU mice, when compared to KPL tumour samples, we
suggest that tumours arising in the KPLU lung cancer model system are
only partially depleted for USP28. To address this possibility in vitro, we
attempted to CRISPR/Cas9 deplete USP28, using the same sgRNA
cassettes from the KPLU vector, in established primary tumour cell lines
from the KPL mouse model, but failed to do so. Targeting Usp28 had
detrimental effects on cell survival in our model systems and primary cell
lines. Therefore, we speculate that the remaining staining is due to
incomplete targeting of USP28, and this incomplete event enables tumour
growth.

Referee #1 (Remarks for Author):

It is a very dense and elaborate paper with a clear medical importance yet
down very carefully at the molecular level and using very innovative mouse
models. After revisions this would be appropriate for EMBO Mol Med

Referee #2 (Remarks for Author):

| enjoyed reading Prieto-Garcia and colleagues’ work as a pre-print and it
has been further improved during the review process to date. It is a
significant body of work and a well-written manuscript.

Major comments

 The authors do not discuss prior work showing that USP28 stabilizes
TP53 during mitotic quality control which is surprising given the overall
structural similarities between TP53 and TP63 and the frequency of TP53 in
SCCs. Do they think that USP28i will be affected by TP53 status (most of
the models tested are TP53 deficient)?

We thank the reviewer for the positive evaluation of our study, and
raising this point. Our findings regarding the role of Tp53 are presented in
the figure below. We have also added a subsection in the Discussion
paragraph regarding our findings in context to TP53. Please see lines 670
to 682.

It was reported that TP53 stability was affected in a USP28-
TP53BP1-cell cycle dependent fashion(Fong et al., 2016; Lambrus et al.,
2016; Meitinger et al., 2016). In vivo, however, using a whole body acute
depletion model (APC™*:Usp28"":Rosa26°°C*ER72 +/. Tamoxifen) did not
result in changes of endogenous TP53, or in its activation, but affected
tumour growth (Diefenbacher et al., 2014). Also, in vivo germ line depletion
of Usp28 was well tolerated and did not induce classic Tp53” phenotypes,
like lymphoma or thymoma formation, in these mouse cohorts (Schulein-
Volk et al., 2014).

To assess if blocking USP28 via AZ1 alters TP53 protein abundance,
we treated HEK293 cells for 48 hours with the inhibitor and analysed Tp53
protein abundance by immunoblotting. As a control for the treatment, cells
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were ftransiently transfected with FLAG-tagged DNp63. While DNp63
protein abundance was decreased in the presence of AZ1, endogenous
TP53 showed no alteration, hence AZ1 was able to affect DNp63 protein
stability irrespective of TP53.

Next, we assessed the TP53 status in the cell lines used in this
study, as well analysed the mutation frequency in NSCLC ADC and SCC
(Figure for reviewers 2). The human cancer cell lines were either TP53
mutant (classic hot spot areas) or were transformed by HPV, hence, TP53
inactivated. In lung cancer, in particular SCC, but also in the other tumour
entities analysed, the majority of patients’ harbor mutations in TP53. This
led us to the decision to include the sgRNA targeting Tp53 also in our
mouse model.

To answer the question if Usp28 inhibition will be efficient in Tp53
wild type tumour cells, at this point one can only speculate. Previous mouse
models analyzing and targeting Usp28 genetically were performed in a
Tp53 wild type background. Loss of Usp28 affected tumour growth and
extended life expectancy, at least in vivo in colon cancer models
(Diefenbacher et al., 2014). In the future, addressing the ability of USP28
inhibition in Tp53 wild type tumours is interesting and will be considered by
our laboratory in upcoming in vivo studies.

We have added a section regarding TP53 and USP28 in the
discussion. Please see lines 670 to 682.

» Multiple gene expression analyses (panels 1A, 1B, 40, 4P, 7B) make
comparisons with normal tissue controls but these might be inappropriate in
the context of lung SCCs as a result of not being from the matched tissue of
origin (i.e. airways instead of lung parenchyma). There is no getting around
this but the authors should be more cautious in their interpretation of these
data.

We share the reviewers’ opinion that It is a common issue with public
available datasets. We also agree with the reviewer that it is unclear from
which tissue subtype ‘Normal’ and ‘Tumor’ arise, e.g. non-transformed
alveolar tissue would be the suitable ‘Normal’ tissue control for
adenocarcinoma as ‘Tumor’ sample.

Therefore, we added the information what groups were compared
within the figure legends.

« The data concerning tumor initiation are exciting but those on
maintenance might fall short of full demonstration that USP28 is required for
tumor maintenance. This is not an inducible system, rather cultured cells
are instilled into airways from a previous generation of mouse with/without
USP28 knockdown. As such, it is possible that the lack of tumors in USP28
knockdown lines reflects impaired engraftment rather than maintenance.

To address the reviewers comment, we decided to merge the tumour
initiation data with the tumour transplant dataset and, as a consequence,
renamed this paragraph to tumour initiation and engraftment to reflect this
change. Since the first in class pharmacologic inhibitor AZ1 is available, we
decided to tackle the interesting topic of tumour maintenance by combining
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the isogenic transplant model with AZ1 treatment in vivo. Thereby, we were
able to test if established tumours show any signs of response upon
treatment with the inhibitor. Please see the new Figure 8 and Figure S8. In
brief, DNp63 expressing KPL tumour cells readily engrafted in wild type
C57BL/6J mice and formed primary tumours. 28 days post intratracheal
transplant, mice were treated with either vehicle or two concentrations of
AZ1, and tumour burden was analysed at end point. AZ1 treated mice
showed smaller lesions and reduced DNp63 protein abundance, as well
inactivated USP28, as assessed by ubiquitin suicide probes. In vivo
application of AZ1 resulted in an overall reduction of tumour load and
affected tumour growth/maintenance.

A B
ANp63 DAPI Merge

KP

KPL

| 28 days tumour growth

Not treatment

New Figure 8 (excluding the model and supplementary data.

manuscript and figures for more information).
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Please see

* Line 108 - 'frequently mutated' could be misleading, the authors might
specify (i.e. 10% in cSCC, 6% in LUSC etc.)

To avoid confusion regarding the mutational frequency of Fbxw7 in
human tumours, we have specified the occurring frequency in the text
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based on data available via cbioportal.org (Figure for reviewers 3 and line
108-110).

* Line 259 - the authors could explain why murine USP28 is used here.
What is the sequence similarity with the human protein?

Human and murine USP28 share a high degree of structural
similarity. We have included a chart highlighting the degree of conservation
in structure among different species (Figure S3F and Figure for reviewers
4). These constructs were readily available at our department and therefore
used in the study.

* Line 586 - in their discussion the authors state that the USP28 knockdown
cells phenocopied deltaNP63 knockdown cells but this is partial (6.8% of
upregulated, 21.8% downregulated). More discussion of the possible
causes of the discordance would not take away from the value of these
findings.

As shown in our study (Figure 4), USP28 and DNp63 share a
commonly regulated gene signature specific for SCC. However, USP28
regulates additional proto-oncogenes and we also detected changes in
NOTCH signaling in USP28 knock down cells, while JUN/AP-1 and MYC
were not affected. Furthermore, genetic or pharmacologic targeting of
USP28 does not fully recapitulate the genetic depletion of the essential
SCC transcription factor DNp63, but showed a high level of overlap with
regard to basic genetic processes being affected. Therefore, targeting
USP28 is a good surrogate target for affecting DNp63 function in SCC.
Additionally, we included a section in the discussion mentioning
transcription factors regulated by USP28, which are also essential for
tumour formation and maintenance, but have a lesser importance in SCC.
Please see lines lines 684 to 691 and 726 to 737.

* Figure 41 - what is the statistical test?

We have amended this for all figures presented and included it in the
figure legends. In Figure 4] we used a using two-tailed t-test.

* Cut-offs should be defined for all Kaplan-Meier curves - are they split on
the median? Upper/lower quartile?

We assessed the cut offs of the presented Kaplan-Meier curves
following the pre-sets of the used online available tools, hence, >all possible
cutoff values between the lower and upper quartiles are computed, and the
best performing threshold is used as a cutoff. The results page will display
the False Discovery Rate in addition to the p-value< (quote kmplot.com). To
highlight how the expression and survival data presented in our study was
generated, we have generated the Figure for reviewers 5. Here, we show
patient survival and thresholding for each dataset side-by-side. When this
checkbox is selected, all possible cutoff values between the lower and
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upper quartiles are computed, and the best performing threshold is used as
a cutoff. The results page will display the False Discovery Rate in addition
to the p-value.

» The numbers of experimental replicates should be added to figure legends
throughout; it is often not clear what a blot is representative of or what is
being quantified.

We have amended this for all figures presented and included it in the
figure legends.

* Figure 5D/E - it would be interesting to split tumor size and area by tumor
histology here. The possible effects on ADC tumors is underexplored in the
data as presented.

The requested data is now presented in Figure S5F. As previously
reported, the combinatorial loss of Lkb1/STK11 with Tp53 and mutation of
Kras(to KrasG12D) results in the development of ADC and SCC, respective
to marker expression (TTF1+/DNp63-/CK5- vs TTF1-/DNp63+/CK5+)(Han
et al.,, 2014). Loss of USP28 by CRISPR/Cas9 during tumour initiation
resulted in a significant reduction of overall tumour burden, and only ADC
marker expressing tumours were detected.
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% Tumour Area per animal

New Figure S5F (Please see manuscript and figures for more information).

* Figure 7G - why do the authors present statistics comparing the shRNAs
in different cell lines rather than each to it's non-targeting control?

We thank the reviewer for addressing the statistic testing and
presentation of this comparative experiment. The reason for comparing the
respective shRNA of different cell lines was to highlight the observed
dependency for maintaining high levels of USP28, in particular in the SCC
lines. ADC tumour cells showed a weak anti-proliferative effect, most likely
due to reduced levels of NOTCH signalling, but SCC lines exhibited a
strong anti-proliferative effect.
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* Figure 8E/H - IC50 values should not be calculated from so few data
points. Based on the existing data it is not possible to say where between
10-30 uM the IC50 falls.

To address this point raised by the reviewer, we included additional
concentrations and reassessed cell numbers. This led to a change in the
estimated ICsg values and is now documented in the manuscript (Figure 7).

* The sources of publicly available datasets should be included in the
relevant figure legends.

We thank the reviewer to highlight the missing information. We have
amended this for all figures presented and included it in the figure legends
as well as Material and Methods.

* Additional information on the cell lines used would be useful (passage
numbers/population doublings?), any verification that was performed?

We thank the reviewer to highlight the missing information. We have
performed SNP profiling of the parental cell lines used in our study. The
results are attached as supplementary information for reviewers. The
human lung cancer cell line LUDLU-1 grows as a semi-attached cell line. To
ease biochemical studies, we decided to select for an adherent clone. This
clone presented an altered STR profile. Therefore, we decided to rename
the cell line used in our study to avoid confusion with the parental cell line to
LUDLU-12"" and added a section in the Material and Methods part of the
manuscript, highlighting these differences.
> The human lung cancer cell line LUDLU-1 is maintained as a semi-
attached/floating culture. We subjected this cell line to a selection process
enriching for an adherent clone, which was further propagated and used for
all experiments within this study. Therefore, to highlight the difference
towards the parental cell line, we decided to mark this by adding the suffix
adh., hence naming the cell line LUDLU-12". The selection process did not
alter the expression of endogenous ANp63 and SCC markers. It is
noteworthy that the overall STR profile of the created subclone is similar,
but not identical, to the parental cell line.(Please see STR profiles in
supplementary data).< (Please see lines 778 to 785 and STR profiles for
reviewers).

* Methods should be added for the culture of cells from GEMMs as details
are currently only provided in a supplementary figure. How long were cells
cultured before re-implantation? Did the authors look at the TP63 status of
these cells?

We thank the reviewer to draw our attention to this missing section in
the Material and Methods part of the manuscript. A detailed protocol was
added describing the primary culture and establishing of murine lung
tumour cell lines. Please see lines 800 to 817. The DNp63 status of the re-
transplanted cell lines was assessed using immunofluorescence staining. In
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Figure 8 we compare the DNp63 expression of a KP and a KPL cell clone
by using the clinically used anti-p63 clone 4A4 from Ventana. This KPL
clone was also used for the transplant experiment shown in Figure 8.

Typos: Line 80 (squamous cell carcinomas), 82 (as a consequence), 113
(missing comma), 289 (decreased SCC proliferation), 352, 478 (missing
Figure numbers), 493 (delete ‘cells’).

We thank the reviewer for highlighting these mistakes. We corrected
the passages mentioned in the manuscript text.

Referee #3 (Remarks for Author):

The transcription factor ANp63 is a master regulator of epithelial cell identity
and essential for the survival of squamous cell carcinoma (SCC) of lung,
head and neck, oesophagus, cervix and skin. The authors here report that
the deubiquitylase USP28 stabilizes ANp63 and maintains elevated ANP63
levels in SCC by counteracting its proteasome-mediated degradation.
Impaired USP28 activity, either genetically or pharmacologically, abrogates
the transcriptional identity and suppresses growth and survival of human
SCC cells. CRISPR/Cas9-engineered in vivo mouse models establish that
endogenous USP28 is strictly required for both induction and maintenance
of lung SCC.

These data strongly suggest that targeting ANp63 abundance via inhibition
of USP28 might constitute a promising strategy for the treatment of SCC
tumours.

The paper has clinical relevance for SCC treatment. In general, the
experiments are well designed and all controls appropriate. However, the
quality of some experiments can be improved.

There are some issues/clarifications required to further improve this work.

1) The ubiquitination data presented in fig. 2B,C and E (and throughout the
paper) are not very easy to fully understand. ANp63 is not clearly marked
and it is therefore not easy to appreciate the ANp63 ubiquitinated forms.
Please add the MW on blot sides and arrows pointing to the correct size for
ANp63.

We thank the reviewer for his positive evaluation of our study. We
addressed the difficulty to see changes in the ubiquitin pattern by adding
molecular weight markers throughout the study and marking the mono-
ubiquitinated forms of DNp63.

2) Was ANp63 ubiquitination ever tested in reducing condition? This
experiment would to rule out that changes in ubiquitination are specific for
ANp63 and not derived from changes in ubiquitination of associated
proteins coprecipitating with ANp63?

In our study, ubiquitylation-experiments carried out in HEK293 cells
(Figure 2 and S2) were performed by overexpression of His-tagged
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ubiquitin, followed by Ni-NTA pulldown in the presence of 6M Guanidinium
and p-Mercaptoethanol, followed by immunoblotting against DNp63.
Thereby, analyzed ubiquitin modifications are specific to DNp63.
Subsequent ubiquitylation experiments were performed in non-denaturing
and conditions using TUBE pulldown assays. We recognized that a
dedicated section for ubiquitin pulldown experiments is missing from the
Material and Methods section. This has been amended. Please see lines
899 to 925.

3) Is the catalytically inactive USP28C171A working in affecting
ubiquitination of endogenous ANp63 in SCC cell lines?

To address this question, we transiently transfected A431 cells with
USP28°"" and investigated total DNp63 protein abundance by western
blot, as well its ubiquitylation by TUBE (Figure S3J and K). In transiently
transfected cells, overexpression of the catalytic inactive form of USP28 led
to a minor reduction of endogenous DNp63, as well facilitated an increase
in its ubiquitylation. Since USP28 is known to homo-dimerize (Gersch et al.,
2019; Sauer et al., 2019), the catalytic dead isoform may dimerise with
endogenous USP28, thereby functioning as a dominant negative mutant.
This speculation has also been added to the manuscript. Please see lines
706 to 709.

USP28 C171A
USP28 C171A _
A z
g
usP28 [T 150 g{
ANpe3 [ %0

1% ANp63 — [N
ACTIN B, VINCULIN ===} 1%
Rel. Ubiquit. 1 1.18
New Figure S3J and K (Please see manuscript and figures for more
information).

4) Page 9, line 282-283: "Both SCC cells and tumours depend on ANp63 for
maintaining proliferation and cell identity” The concept of cell identity is not
very clear. Please explain.

We appreciate the reviewer for addressing the issue of defining cell
identity. In SCC it refers to the maintained expression of lineage markers of
keratinization, such as CK5 and 14, which are otherwise absent from
tumours, in particular ADC. This section has been added to the manuscript.
Please see lines 301 to 304.

5) Page 9, line 289: "Depletion of ANp63 decreased SCC (Figure S4B) and

cell cycle profiling indicated a mild S-phase arrest" Please specify that it is
proliferation decreased.
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We changed the text to highlight that loss of DNp63 or USP28
affected cell proliferation and resulted in an accumulation of cells in S-
phase. Please see lines 309 to 310.

6) Page 10, lines 295-305: The rationale of this experiments is not well
define as is its conclusion.

Do the authors want to prove that the two proteins have partial common
function and overlapping control of a defined subset of genes? Please
clarify.

We understand the confusion caused by the choice of wording. To
address this point we rewrote the conclusion of this paragraph to clarify our
observation and interpretation of the data. In brief, by using genetic
depletion experiments, we demonstrated that USP28 regulates classic SCC
gene expression profiles via its ability to control DNp63 protein abundance.
Hence, cells depleted for USP28 or DNp63 show a partial, but essential
overlap in SCC specific genes being downregulated. Please see lines 383
to 388.

7) Page 13, Lines 434-435: "Taken together, these data show that USP28
is required for the maintenance of lung SCC" What does it mean
maintenance of lung SCC? This concept is not clear. These experiments
seem to establish a role in lung metastases.

We kindly would like to refer to point 3 of reviewer 2.

> We acknowledge the concerns raised by the reviewer and decided
to merge the tumour initiation data with the tumour transplant dataset and,
as a consequence, renamed this paragraph to tumour initiation and
engraftment to reflect this change. Since the first in class pharmacologic
inhibitor AZ1 is available, we decided to tackle the interesting topic of
tumour maintenance by combining the isogenic transplant model with AZ1
treatment in vivo. Thereby, we were interested if established tumours show
any signs of response upon treatment with the inhibitor. Please see the new
Figure 8 and Figure S8. In brief, DNp63 expressing KPL tumour cells
readily engrafted in wild type C57BL/6J mice and formed primary tumours.
28 days post intratracheal transplant, mice were treated with either vehicle
or two concentrations of AZ1, and tumour burden was analysed at end
point. AZ1 treated mice showed smaller lesions and reduced DNp63 protein
abundance, as well inactivated USP28, as assessed by warhead/ubiquitin
suicide probes. In vivo application of AZ1 resulted in an overall reduction of
tumour load and affected tumour growth/maintenance<

8) Fig. S7TD: USP28 is expressed in all SCC cells of different origins.
However, ANp63 is only expressed in 3 out of 7 cell lines. These data would
suggest a role of USP28 which is also ANp63-independent. Please discuss
this aspect.

We thank the reviewer for drawing our attention to this issue. The

labeling used in the current draft led to the impression that all shown cell
lines are of SCC origin. In fact, the cell lines shown in Figure S7D (see
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below) represent western blots of ADC and SCC cell lines of various
origins. SCC lines are marked red, the corresponding ADC in blue. It is note
mentioning that the SCC line SiHa does not express detectable levels of
DNp63. Therefore, the major effect of USP28 inhibition is observed in cell
lines expressing DNp63, however, interfering with USP28 activity also
affects the proliferation of ADC, but to a lesser extent. Therefore, one
cannot exclude an DNp63 independent effect in ADC. Based on our
findings, we have included a discussion on a possible role of USP28 in the
regulation of NOTCH signaling in KRas driven ADC tumours. This has been
added to the discussion. Please see lines 726 to 737.

D SCC cell line  ADC cell line
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9) Fig. 8A is partially cut and panel letters not visible. Fig. 8A: adding arrows
pointing out active or inactive USP28 would make the panel easier to
understand.

We have amended the labeling of this figure (now Figure 7A).

A
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AZ1: 0 0 03 3uM
Act. — R — 170
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VINCULINk el -4 8. 130

% USP28 Active 0 604 57.8 26.3
% USP28 Inactive 100 39.6 42.2 73.7

New Figure 7A (Please see manuscript and figures for more information).

10) Lines 541-546: "As USP28 has several targets, including the
transcription factors cMYC, cJUN and NOTCH (Diefenbacher et al., 2015;
Diefenbacher et al., 2014; Popov et al., 2007a; Schulein-Volk et al., 2014),
the transcriptional responses in SCC cells are dominated by its effects on
ANp63, arguing that this axis establishes a unique dependence and hence
may open a wide therapeutic window for targeting SCC of various tissue
origins via USP28". This section is more appropriate for the Discussion.

The section has been rewritten and subsequently moved to the
discussion part of the manuscript. Please see lines 726 to 737.

11) The Discussion is very slim and does not discuss additional targets of
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USP28 (mentioned above) and their possible contribution to SCC. Please
expand considerably.

We thank the reviewer for this suggestion and we have expanded the
discussion section by including points raised be the reviewers.

Literature index

Diefenbacher, M.E., Chakraborty, A., Blake, S.M., Mitter, R., Popov, N., Eilers,
M., and Behrens, A. (2015). Usp28 counteracts Fbw7 in intestinal homeostasis and
cancer. Cancer Res 75, 1181-1186.

Diefenbacher, M.E., Popov, N., Blake, S.M., Schulein-Volk, C., Nye, E., Spencer-
Dene, B., Jaenicke, L.A., Eilers, M., and Behrens, A. (2014). The deubiquitinase
USP28 controls intestinal homeostasis and promotes colorectal cancer. J Clin Invest
124, 3407-3418.

Fong, C.S., Mazo, G., Das, T., Goodman, J., Kim, M., O'Rourke, B.P., Izquierdo,
D., and Tsou, M.F. (2016). 53BP1 and USP28 mediate p53-dependent cell cycle
arrest in response to centrosome loss and prolonged mitosis. Elife 5.

Gersch, M., Wagstaff, J.L., Toms, A.V., Graves, B., Freund, SM.V., and
Komander, D. (2019). Distinct USP25 and USP28 Oligomerization States Regulate
Deubiquitinating Activity. Mol Cell 74, 436-451 e437.

Han, X, Li, F., Fang, Z., Gao, Y., Li, F., Fang, R., Yao, S., Sun, Y., Li, L., Zhang,
W., et al. (2014). Transdifferentiation of lung adenocarcinoma in mice with Lkb1
deficiency to squamous cell carcinoma. Nat Commun 3, 3261.

Jaenicke, L.A., von Eyss, B., Carstensen, A., Wolf, E., Xu, W., Greifenberg, A.K.,
Geyer, M., Eilers, M., and Popov, N. (2016). Ubiquitin-Dependent Turnover of
MYC Antagonizes MYC/PAF1C Complex Accumulation to Drive Transcriptional
Elongation. Mol Cell 61, 54-67.

Lambrus, B.G., Daggubati, V., Uetake, Y., Scott, P.M., Clutario, K.M., Sluder, G.,
and Holland, A.J. (2016). A USP28-53BP1-p53-p21 signaling axis arrests growth
after centrosome loss or prolonged mitosis. J Cell Biol 274, 143-153.

Meitinger, F., Anzola, J.V., Kaulich, M., Richardson, A., Stender, J.D., Benner, C.,
Glass, C.K., Dowdy, S.F., Desai, A., Shiau, A.K.,, et al. (2016). 53BP1 and USP28
mediate p53 activation and G1 arrest after centrosome loss or extended mitotic
duration. J Cell Biol 274, 155-166.

Sauer, F., Klemm, T., Kollampally, R.B., Tessmer, 1., Nair, R.K., Popov, N., and
Kisker, C. (2019). Differential Oligomerization of the Deubiquitinases USP25 and
USP28 Regulates Their Activities. Mol Cell 74, 421-435 e410.

Schulein-Volk, C., Wolf, E., Zhu, J., Xu, W., Taranets, L., Hellmann, A., Janicke,
L.A., Diefenbacher, M.E., Behrens, A., Eilers, M., et al. (2014). Dual regulation of
Fbw7 function and oncogenic transformation by Usp28. Cell Rep 9, 1099-1109.

© European Molecular Biology Organization

21



EMBO Molecular Medicine - Peer Review Process File

Figures for reviewers
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Supplementary Figure for reviewers: mapping USP28 binding on ANp63 via SPOT array

A) Immunoblot of endogenous USP28 (derived from A-431 cells) binding to various domains of ANp63, and detected by
immunoflurescence staining by using an anti-USP28 antibody derived in rabbit, followed by incubation with an anti-rabbit
antibody coupled to ALEXA-800, derived in donkey. Protein binding was imaged using the LICOR ClIx system.

B) computational prediction of propable ubiquitylation of various lysine residues of ANp63 via the free online tool
www.ubiprep.org

C) computational prediction of propable ubiquitylation of various lysine residues of ANp63 via the free online tool
csb.cse.yzu.edu.tw/UbiSite/index.php

D) highlighted USP28 binding areas identified via the SPOT array within ANp63. Several lysine containing domains and the
Fbxw7 phospho-degron motif are bound by USP28

Figure 2
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Supplementary Figure for reviewers: TP53 sensitivity to AZ1 treatment and status in human tumours

A) immunoblot against ANp63 and TP53 of HEK293 cells transiently transfected with FLAG-tagged ANp63 and either control
or AZ1 treated for 48 hours. Actin served as loading control.

B) TP53 mutational status in cell lines used in this study. Data generated with p53.iarc.fr/celllines.aspx

C) TP53 mutational status in human NSCLC, ADC and SCC. Data generated with cbioportal.org

D) TP53 mutational status in human non-small cell lung cancer, head-and-neck, oesophagus and cervix. Data generated with

cbioportal.org
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Figure 3
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Supplementary Figure for reviewers: Fbxw?7 is frequently mutated in human SCC
Analysis of occurring Fbxw7 genetic alterations in lung squamous (LUSC), cervical (CESC), oesophagus

(ESCA), head and neck (HNSC) tumours. https://www.cbioportal.org
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Figure 4
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European Bioinformatics Institute 2006-2014. EBI is an Outstaton of the European Molecular Biology Laboratory.

Supplementary Figure for reviewers: USP28 homology

Analysis of sequence homology between USP28 and additional DUBs of various animals using the online tool
www.ebi.ac.uk

A) Protein sequence similarities of USP28 and USP25 between human, mouse, rat and chicken, realtive to human USP28
B) phylogenic tree of DUBs showing clustering of USP28/USP25 of various organisms

C) FASTA alignment of the protein sequence of deubiquitylases of various organisms. Colour indicates significance of
similarity.
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Figure 5
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STR profiles of cell lines used in this study:

Zelllinie PanC1

Vergleichsprofil

Zelllinie H1299
— Zelllinie Detroit
Marker Vergleichsprofil | H1299
Marker Vergleichsprofil ! Detroit
Amelogenin X X
‘Amelogenin X X
D351358 .
- v D351358 na 15/16
SIS b 12 D1S1656 na. 153/173
D651043 na 11 e
D13s317 12 12 D135317
Penta E na. 11 Penta E
D165539 12/13 12/13 165535
D18551 na. 16 D18551
D251338 na 23/24 0251338
CSF1PO 12 12 CSF1PO
Penta D n.a. 13 Penta D
THO1 6/93 6/93 THO1
VWA 16/17/18 16/17/18 WA
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55818 Y 11 Y
TPOX 8 B X
D851179
D851179 na 10/(12)/13
D125391 na. 17/18
D125391 na 21/22 J
D195433 na 1
D195433 na. 1
FGA n.a. 21
FGA na 20
Zelllinie Ludlu1
Zelllinie Hela
Ludlul
- Marker Vergleichsprofil Hela
Amelogenin X
Amelogenin X X
15/17
| D351358 na. 15/18
D151656 na. 12/15/16/17.3
e NG (S — D151656 n.a. 12/15
D651043 na. 10/11/12
D651043 na. 18
D135317 12 12/13/14
D13s317 12/133 12/13.3
Pent: .
£ n-e b Penta E n.a. 7/15
D165539 13/14 9/11/13 T S0 T
D18S51 na. 16/17/18/19 DI8S51 G (121716
CELEED & [D2s1338 | na. 17
GFiko 1 10/11/12 CSFIPO 9/10 9/10
Penta D na. 9/10/13 [PentaD | il /15
THO1 6 7/93 7 7
VWA 17/19 15/19 VWA 16/18
D21511 na. 27/28/29/30.2/32.2 D21511 2728
D75820 10/12 11/12 75820 8/9/12
D55813 12 8/9/11 055818 /12
TPOX 8/11 11 TPOX 11/12
D851179 na 12/13/15 0851179 na. 2
D125391 na 19/21 D125391 na: 20/25
14/17/18 D195433 13/14
FGA 18/21
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Zelllinie CaSki

[Marker Vergleichsprofil Caski
Amelogenin X X
D351358 n.a. 15
D151656 n.a. 13/17.3
D651043 na. 11/14
D135317 8/12 12
Penta E

[Di6ssas |

|Disss1 |
D251338
CSF1PO 10 10

[Pentad | na | 1w ]
THO1 7 7
VWA 17 17
D21511 na. 30 T
D75820 8/11 8/11

[osssie | 13 | 13 |
TPOX 8 8
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D125391 n.a. 18
0195433 15/16
FGA 21

Zelllinie SiIHA
[Marker Vergleichsprofil SiHA
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D351358 na. 16/17
D151656 na. 14/15
D651043 na. 18
D135317 1 11
Penta £ na. 10/12
D165539 12 12
[Dissst | na 15
D251338 na 2
[csFpo | 12 12
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D21511 na. 29/(30)/31
[D7s820 | 10 [ 10 |
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Zelllinie A431
Marker Vergleichsprofil A431
Amelogenin X X
D351358 na 1
D151656 na.
D651043 na
D135317 na 9/13/(14)
Penta £ na.
D165539 12/14 12/14/(15)
D18s51 na. 1317
D251338 na. 17
CSF1PO 11/12 11/12
Penta D na. 9/11
THO1 9 9
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20th Jan 2020

Thank you for the submission of your revised manuscript to EMBO Molecular M‘edlcme. We'ﬁave
now received the enclosed reports from the referees who were asked to re-assess {t. As you wi see,t
they are supportive of publication, and I am thus plgased to inform you that we will be able to accep
your manuscript pending the following final editorial amendments.

***kk*k Reviewer's comments *****

Referee #1 (Remarks for Author):

The authors have responded to all rasied questions. No further comments

Referee #2 (Remarks for Author):
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The authors have engaged well with the reviewer comments and should be congratulated for their
thorough revisions and interesting new data. My previous comments have been addressed in the
revised manuscript, which I believe should now be published.

Referee #3 (Comments on Novelty/Model System for Author):
No issues
Referee #3 (Remarks for Author):

The transcription factor ANp63 is a master regulator of epithelial cell identity and essential for the
survival of squamous cell carcinoma (SCC) of lung, head and neck, oesophagus, cervix and skin.
The authors here report that the deubiquitylase USP28 stabilizes ANp63 and maintains elevated
ANP63 levels in SCC by counteracting its proteasome-mediated degradation. Impaired USP28
activity, either genetically or pharmacologically, abrogates the transcriptional identity and
suppresses growth and survival of human SCC cells. CRISPR/Cas9-engineered in vivo mouse
models establish that endogenous USP28 is strictly required for both induction and maintenance of
lung SCC.

These data strongly suggest that targeting ANp63 abundance via inhibition of USP28 might
constitute a promising strategy for the treatment of SCC tumours.

The paper has clinical relevance for SCC treatment. In this review cycle the authors have addressed

my previous concerns and therefore significantly improved the quality of some data and overall
quality of the manuscript.

2nd Revision - authors' response 5th Feb 2020

The authors made the requested editorial changes.

© European Molecular Biology Organization
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

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

A- Figures

1. Data

The data shown in figures should satisfy the following conditions:

>

>
>
>
>

the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.

figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.

graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.

if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
iustified

Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

>

>
>
>
>
>
>
>

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or

biological replicates (including how many animals, litters, cultures, etc.).

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

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;
definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

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

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

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

http://1degreebio.or;

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrec.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.or;

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tumc

http://datadryad.org
http://figshare.com

http://www.ncbi.nlm.nih.gov/ga|

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/
jil-biochem.sun.ac.za

‘oba.od. ov/biosecurity/biosecuri
http://www.selectagents.gov,

documents.html

Please fill out these boxes not worry if you cannot see all y¢

text once you press return)

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

For all data presented, the sample size was n=3 or n>3. Thisn is further specified for each
individual experiment. Please see figure legends.

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

Sample size was calculated using G-Power. As a statistical test the Wilcoxon-Mann-Whitney test
for two groups was chosen. Effect size (Cohen d) was calculated using the build in tool of G-Power
and were based on previously published data. Prpability of error 1st order was estimated with 0.05
and probability of error 2nd order with 0.8. Group sizes were allocated with a ratio 1:1.

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

Due to good animal welfare no animals were excluded from the study and all animals which have
undergone either tumor induction, transplant or treatment experiments were used, analysed and
reported in the study. Exclusion criteria, as established by the animal license, were not observed.
Based on animal health and wellbeing, exclusion criteria were pre-established.

3. Were any steps taken to the effects of bias when Is/samples to treatment (e.g. Animals were chosen at random from the stock cohort and exposed to intratrecheal infection with
randomization procedure)? If yes, please describe. virus particles encoding the desired genetic alterations. All animal experiments were terminated
at the indicated time points (please see figure legends and Material and Methods). Control cohorts
and experimental cohorts were terminated and processed at the same time to minimse variation.
For animal studies, include a about r evenifnor was used. Mice were randomly allocated to either control or treatment group.

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

Immunohistologic staining of tumours were performed blinded. In detail, one researched
conducted the animal experiment, while another processed the tissue samples and performed the
stainings. Staining intensity was meassured and assessed using a histopathology analysis program
(QuPath) by another researcher. To assess staining intensity in human TMA and histological
samples, slides were stained, digitalised and analysed blinded by three independent researchers.

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

No blinding was done.

5. For every figure, are statistical tests justified as appropriate?

\Where appropriate, statistical tests were performed and the results included in the figure. The
statistical test chosen is reported in the figure legend. For RNA-Sequencing analysis, a parapgraph
highlighting the methods employed to analyse the data, can be found in the Materials and
Methods section.




Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Samples were tested in GraphPad Prism Shapiro-Wilk normality test for nomral distribution.

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

Yes, clearly defined errorbars indicate the standard deviation and are included in the panel. Where
suitable we used boxplots. Please find the definition enclosed in the Material and Methods section.

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

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
AAntibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

We have included a section in the Material and Methods section indicating the antibodies used and
relevant reference numbers (RRID).Please see the table with consumables and key resources.

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

ATCC and ECACC. A recent STR profile is attached to the point-by-point letter to the reviewers.
Authentification was done 08.11.2019.

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

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

Mus musculus, C57BL/6J, male and female. We utilized GEMMs with the following modifications:
Rosa26Sor-CAG-Cas9-IRES-GFP (Jax 028555) , Trp53 flox/flox : Isl-KRasG12D (Jax 032435 and
00664) backcrossed 10 generations to C57BL/6J, and C57BL/6J animals

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

'All in vivo experiments were approved by the Regierung Unterfranken and the ethics committee
under the license numbers 2532-2-362, 2532-2-367 and 2532-2-374. The mouse strains used for
this publication are listed in the Materials and Methods section.

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

We adhered to the ARRIVE guidelines.

E- Human Subjects

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

Decret 439/2010 from Hospital Universitario Reina Sofia and Ethics apporval 17/01/2006 from the
University Hospitalo Wiirzburg.

12. 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.

Informed consent was obtained from patients.

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. n/a
14. Report any restrictions on the availability (and/or on the use) of human data or samples. n/a
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. n/a
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) |n/a
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at |n/a

F- Data Accessibility

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

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

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

RNA-sequencing data is available at the Gene Expression Omnibus under the accession number
GEO: GSE129982.

19. D 1 is strongly ri ded for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

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

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

G- Dual use research of concern

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

n/a




