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3rd Mar 20211st Editorial Decision

Dear Dr. Zhou,

Thank you for the submission of your research manuscript  to our journal, which was now seen by
three referees, whose reports are copied below. 

Referees express interest  in the proposed role of CD20 in osteogenesis by promot ing APC/C
mediated p65 degradat ion. However, they also raise overlapping important concerns that need to
be addressed to consider publicat ion here. 

I find the reports informed and construct ive, and believe that addressing the concerns raised will
significant ly strengthen the manuscript . As the reports are below, and I think all points need to be
addressed, I will not  detail them here.

Given these posit ive recommendat ions, we would like to invite you to revise your manuscript  with
the understanding that the referee concerns (as in their reports) must be fully addressed and their
suggest ions taken on board. Please address all referee concerns in a complete point-by-point
response. Acceptance of the manuscript  will depend on a posit ive outcome of a second round of
review. It  is EMBO reports policy to allow a single round of revision only and acceptance or reject ion
of the manuscript  will therefore depend on the completeness of your responses included in the
next, final version of the manuscript .

We generally allow three months as standard revision t ime. As a matter of policy, compet ing
manuscripts published during this period will not  negat ively impact on our assessment of the
conceptual advance presented by your study. However, we request that  you contact  the editor as
soon as possible upon publicat ion of any related work, to discuss how to proceed. Should you
foresee a problem in meet ing this three-month deadline, please let  us know in advance and we may
be able to grant an extension.

*** Temporary update to EMBO Press scooping protect ion policy:
We are aware that many laboratories cannot funct ion at  full efficiency during the current COVID-
19/SARS-CoV-2 pandemic and have therefore extended our 'scooping protect ion policy' to cover
the period required for a full revision to address the experimental issues highlighted in the editorial
decision let ter. Please contact  the scient ific editor handling your manuscript  to discuss a revision
plan should you need addit ional t ime, and also if you see a paper with related content published
elsewhere.***

IMPORTANT NOTE: we perform an init ial quality control of all revised manuscripts before re-review.
Your manuscript  will FAIL this control and the handling will be DELAYED if the following APPLIES:
1. A data availability sect ion providing access to data deposited in public databases is missing
(where applicable).
2. Your manuscript  contains stat ist ics and error bars based on n=2. Please use scatter plots in
these cases. 

You can submit  the revision either as a Scient ific Report  or as a Research Art icle. For Scient ific
Reports, the revised manuscript  can contain up to 5 main figures and 5 Expanded View figures. If
the revision leads to a manuscript  with more than 5 main figures it  will be published as a Research
Art icle. In this case the Results and Discussion sect ion should be separate. If a Scient ific Report  is
submit ted, these sect ions have to be combined. This will help to shorten the manuscript  text  by



eliminat ing some redundancy that is inevitable when discussing the same experiments twice. In
either case, all materials and methods should be included in the main manuscript  file

Supplementary/addit ional data: The Expanded View format, which will be displayed in the main
HTML of the paper in a collapsible format, has replaced the Supplementary informat ion. You can
submit  up to 5 images as Expanded View. Please follow the nomenclature Figure EV1, Figure EV2
etc. The figure legend for these should be included in the main manuscript  document file in a
sect ion called Expanded View Figure Legends after the main Figure Legends sect ion. Addit ional
Supplementary material should be supplied as a single pdf labeled Appendix. The Appendix includes
a table of content on the first  page with page numbers, all figures and their legends. Please follow
the nomenclature Appendix Figure Sx throughout the text  and also label the figures according to
this nomenclature. For more details please refer to our guide to authors.

Please note that for all art icles published beginning 1 July 2020, the EMBO Reports reference style
will change to the Harvard style for all art icle types. Details and examples are provided at
ht tps://www.embopress.org/page/journal/14693178/authorguide#referencesformat

When submit t ing your revised manuscript , please carefully review the instruct ions that follow below.
Failure to include requested items will delay the evaluat ion 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 product ion quality figure files as .eps, .t if, .jpg (one file per figure).

3) a .docx formatted let ter 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. For more details on our Transparent Editorial Process, please visit  our website:
ht tps://www.embopress.org/page/journal/14693178/authorguide#transparentprocess
You are able to opt out of this by let t ing the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point  to the following statement: "No Review Process
File is available with this art icle, as the authors have chosen not to make the review process public
in this case."

4) a complete author checklist , which you can download from our author guidelines
(<http://embor.embopress.org/authorguide>). Please insert  informat ion in the checklist  that  is also
reflected in the manuscript . The completed author checklist  will also be part  of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript  (<https://orcid.org/>). Please find instruct ions on how to
link your ORCID ID to your account in our manuscript  t racking system in our Author guidelines
(<http://embor.embopress.org/authorguide>).

6) We replaced Supplementary Informat ion 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 respect ive legends should be included in
the main text  after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be



bundled together with their legends in a single PDF file called *Appendix*, which should start  with a
short  Table of Content. Appendix figures should be referred to in the main text  as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instruct ions regarding expanded view here:
<http://embor.embopress.org/authorguide#expandedview>.

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

7) We would also encourage you to include the source data for figure panels that show essent ial
data.

Numerical data should be provided as individual .xls or .csv files (including a tab describing the data).
For blots or microscopy, uncropped images should be submit ted (using a zip archive if mult iple
images need to be supplied for one panel). Addit ional informat ion on source data and instruct ion on
how to label the files are available <http://embor.embopress.org/authorguide#sourcedata>.

8) Our journal encourages inclusion of *data citat ions in the reference list* to direct ly cite datasets
that were re-used and obtained from public databases. Data citat ions in the art icle text  are dist inct
from normal bibliographical citat ions and should direct ly link to the database records from which the
data can be accessed. In the main text , data citat ions are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRJNA342805, 2017". In the Reference list ,
data citat ions must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/ident ifiers and a resolvable link to the landing page from which the data
can be accessed at  the end of the reference. Further instruct ions are available at
<http://embor.embopress.org/authorguide#datacitat ion>.

9) Please make sure to include a Data Availability Sect ion before submit t ing your revision - if it  is not
applicable, make a statement that no data were deposited in a public database. Primary datasets
(and computer code, where appropriate) produced in this study need to be deposited in an
appropriate public database (see <http://embor.embopress.org/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 " sect ion
(placed after Materials & Method) that follows the model below. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. 

# Data availability

The datasets (and computer code) produced in this study are available in the following databases:

- RNA-Seq data: Gene Expression Omnibus GSE46843
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46843)
- [data type]: [name of the resource] [accession number/ident ifier/doi] ([URL or
ident ifiers.org/DATABASE:ACCESSION]) 

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



10) Regarding data quant ificat ion, please ensure to specify the name of the stat ist ical test  used to
generate error bars and P values, the number (n) of independent experiments underlying each data
point  (not replicate measures of one sample), and the test  used to calculate p-values in each figure
legend. Discussion of stat ist ical methodology can be reported in the materials and methods sect ion,
but figure legends should contain a basic descript ion of n, P and the test  applied. 
Please note that error bars and stat ist ical comparisons may only be applied to data obtained from
at least  three independent biological replicates.
Please also include scale bars in all microscopy images.

We would also welcome the submission of cover suggest ions, or mot ifs to be used by our Graphics
Illustrator in designing a cover.

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

Yours sincerely,

Deniz Senyilmaz Tiebe

Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports 

Referee #1:

Yangge Du and collaborators present in vivo and in vit ro data demonstrat ing a novel and important
role of CDC20 in bone format ion. Genet ic ablat ion of Cdc20 in Osterix-expressing cells reduces
bone mass of 6 and 12-week-old condit ional knockout (CKO) mice. In vit ro, bone marrow
mesenchymal stromal cells (BMSCs) lacking CDC20 present reduced expression of the osteogenic
transcript ion factor RUNX2 and reduced capacity to generate alkaline phosphatase (ALP)-
expressing osteoblasts. Mechanist ically, the authors show that CDC20 forms a complex with
APC11 that ubiquit inates and targets p65 NFkB for proteasomal degradat ion. Their results
obtained after pharmacological inhibit ion of the NFkB pathway (using BAY11-7082) and p65
knockdown (using shRNAs) in CDC20-deficient  BMDCs, as well as p65 knockdown in CDC20
knockout mice (using systemic inject ions of shRNAs against  p65) indicate that CDC20 regulates
bone format ion, at  least  in part  through proteasomal degradat ion of p65.

This manuscript  is of very good quality, with a lot  of work overall well executed. However, there are
a few important points that must be addressed, in part icular to validate the mouse model used in
this study. These points are listed below (see "major comments"). Addit ional minor points should
also be considered to further improve the quality of the manuscript  (see "minor comments" below). 

Major comments:
1- There are important missing verificat ions and informat ion concerning the materials and methods,
notably concerning the mouse model used in the current study. The Sp7-Cre line differs from the



Osx-GFP::Cre (Tet-off) line that is classically used in the bone field. It  seems that Sp7-Cre mice
have not been previously characterized. No reference and no specific informat ion are provided
regarding this novel Cre line. In absence of complete descript ion of the promoter used to drive Cre
expression, and proper characterizat ion of this mouse line, we do not know whether the Sp7-cre
transgene targets specifically Osx+ osteoprogenitors (without off-sites effects), and how this line
compares to Osx-GFP::Cre (tet-off) animals. 
2- Tail vein/systemic inject ions of lent ivirus encoding shRNAs to knockdown gene expression in
mice are not commonly performed. Although we understand that lent iviruses were injected during 4
weeks in CDC20 CKO mice, we do not know how much virus was inoculated, and how often. This
informat ion must be writ ten in the manuscript . Since lent iviruses are inoculated in a systemic
fashion, various "side effects" of p65 knockdown could be induced, and could complicate the
interpretat ion of the rescue experiment. Ideally p65 could be condit ionally knocked-out of
osteoprogenitors, since floxed p65 mice exist . Alternat ively, the authors should provide evidence
that mice inoculated with lent iviruses during 4 weeks are healthy, and that apoptosis of liver
hepatocytes is not induced in these mice, since whole-body deficiency of p65 leads to massive liver
apoptosis and death. p65 expression in the liver of experimental and control animals should be
evaluated, and perhaps in other organs as well. 
3- Addit ional controls and t ime-points should be presented in the manuscript  in order to better
characterize the skeletal phenotype of the Cdc20 CKO mice. The bone phenotype of Sp7-Cre; +/+
(WT) and Sp7-Cre; fl/+ (condit ional HETs) must be shown in addit ion to Cre-negat ive animals. Since
Osterix is also expressed in growth plate chondrocytes, it  is important to characterize the growth
plate phenotype of the Sp7-Cre; fl/fl (CKO) mice. Part  of the bone phenotype shown in 6-week-old
mice could result  from delayed endochondral bone format ion, due to altered cart ilage format ion. It  is
important to know if this is the case. Characterizat ion of endochondral bone development in
embryos and newborn mice should provide valuable informat ion. It  would be interest ing and
important to provide data on the relat ive expression of CDC20 and p65 (mRNA and/or protein) in
chondrocytes, osteoprogenitors, osteoblasts and osteocytes in wild type and CKO mice, on bone
sect ions. 

Minor comments:
1- Histological analyses of the scaffold engrafted subcutaneously in nude mice (Fig. 1J, and 1K)
should be further analyzed by in situ hybridizat ion with osteoblast  markers (such as type I collagen
and/or osteopont in), to support  the conclusion that CDC20 knockdown in hBMDCs impairs
osteoblast  different iat ion. 
2- Fig 2E, indicates that the holes in t ibias of control and CKO have been drilled on opposite sides
of the bone. Since the cort ical thickness varies depending on the side of the t ibia, it  is important to
generate bone defects at  the exact same locat ion for all control and CKO mice. It  is also important
to specify at  which age these defects have been created. 
3- Fig. 6F, 3rd lane: there is a large APC11 band, while the legend indicates no HA-APC11
overexpressed in this sample. The legend appears correct  since p65 protein is upregulated in this
sample. The APC11 blot  should show a band in the second lane, not the third lane. This implies that
immunostaining of p65 and of APC11 has been done on two unrelated blots. The ent ire experiment
should be done again using the same membrane to detect  p65, APC11, CDC20 and GAPDH. 
4- Fig. 7C shows robust induct ion of p65 ubiquit inat ion in vit ro in presence of purified CDC20
without APC11. Does this mean that APC11 is not required for CDC20-induced ubiquit inat ion of
p65?
5- Fig 7F, middle lane shows a strong downregulat ion of CDC20 protein expression although no
shRNAs against  CDC20 are expressed. How do you explain this?
6- The presentat ion of the results could be slight ly reorganized by present ing first  the mouse model



and its skeletal phenotype, and then in vit ro experiments with BMDCs (current ly presented in Fig. 1).
Moreover, the presentat ion of interact ion of CDC20 and p65 both in the text  and in the figures
appears somewhat lengthy and could be shortened. Finally, the results presented in fig. 6I-L could
be transferred to figure 8, since they support  the conclusion that p65/NFkB signaling plays a role
downstream of CDC20 in osteoblast  different iat ion. 
7- The protocol used to generate BMSCs is unclear. 

Very minor addit ional comments:
1- The term "in vivo" page 5, line 108 is not appropriate since it  refers to in vit ro experiments. 
2- Page 6, line 121 the text  "decreased ALP staining and act ivity" could be replaced by "decreased
ALP staining and quant ificat ion" since the staining actually reflects ALP act ivity. 
3- The term "in vivo" page 13 line 282 may be misleading, since this is not observed in live mice but
in cells cultured in vit ro. This could be replaced by "in cells". 

Referee #2:

The authors describe a novel funct ion of CDC20, a co-act ivator of the E3 ubiquit in ligase APC/C, in
bone remodeling and regenerat ion. Whereas in vivo data to demonstrate this funct ion were
obtained by the generat ion and analysis of mice with Sp7-Cre-mediated CDC20 inact ivat ion in
bone-forming osteoblasts, the majority of experiments were set up to address the molecular bases
explaining the deduced funct ion of CDC20 in bone format ion. Overall, this is a very complex study
with strong and potent ially relevant data. There are however several issues that remain to be
addressed.

Specific comments:
1) Although the reported results are surely relevant from a basic science perspect ive, the
statement that APC11CDC20 is a novel target for osteoporosis t reatment appears too strong. Is it
t ruly realist ic to establish an agonist  of such a complex cytoplasmat ic regulator, whose expression
is not restricted to osteoblasts?
2) The authors have to provide more informat ion about their Sp7-Cre model, which apparent ly has
been generated for this specific project . The key quest ion is, if these mice represent a Cre knockin
into the Sp7 locus, which might interfere with the endogenous expression of the relevant
transcript ion factor Osterix. If this is the case, the Cdc20f/f mice alone would not be sufficient  as a
control, and it  has to be evaluated if the Sp7-Cre mice display a skeletal phenotype, regardless of
their Cdc20 genotype.
3) Since the in vivo findings in Sp7-Cre/Cdc20f/f mice are essent ially the basis for the molecular
experiments described thereafter, it  would be important to strengthen them. In fact , there was no
analysis performed to understand the cellular causes of the osteopenia. This could be done by
cellular histomorpometry quant ifying osteoblast  and osteoclast  numbers on the femur sect ions.
Alternat ively, the authors could measure serum levels of bone format ion and resorpt ion biomarkers.
As presented, the phenotype descript ion is incomplete.
4) The molecular experiments shown in the second part  of the manuscript  are overall convincing,
although I personally consider the data obtained in BMCSs (now most ly shown as Supplemental
Figures) as more relevant than the data obtained in HEK cells. Moreover, although some of the
Western blot  results are confirmed by quant itat ive data, many others are not. Since the authors
state that all data were collected from at least  three independent experiments, it  should be



possible to perform quant ificat ion and stat ist ical analysis for all presented data.
5) In the last  paragraph of the Results sect ion the authors state that "..., lent iviruses were
distributed in mice and the expression levels of p65 was knocked down according to qRT-PCR and
western blot  analyses." While this statement suggests that p65 expression was analyzed in vivo,
the legend of Figure EV7B/C indicates that these results were obtained in BMSCs. If this means
that the expression analysis was performed in ex vivo cultures, this has to be clearly stated. 
6) Given the complexity of their findings, the authors should think about providing a schematic
presentat ion to illustrate their conclusions.

Referee #3:

In this manuscript , Du et  al. report  a posit ive regulat ion of osteogenesis by the APC/C(Cdc20)
ubiquit in E3 ligase complex through modulat ing p65/RelA stability. The authors observed a posit ive
correlat ion between Cdc20 expression and osteogenesis using both in vit ro BMSC
culture/different iat ion models and an in vivo condit ional Cdc20 knockout mouse model. There is a
decreased bone mass found in Cdc20-depleted animals. The authors then sought to define the
underlying mechanism, they found p65 was upregulated in Cdc20-deficient  BMSCs, hence
hypothesized p65 as an APC(Cdc20) ubiquit in substrate. They provided evidence that p65 bound
to Cdc20 and that Cdc20 facilitates p65 ubiquit inat ion. To assess the role of p65 in Cdc20-
mediated osteogenesis, the authors delivered shp65 lent ivirus into the mice and were able to
observe a rescued phenotype. This is an interest ing study demonstrat ing a novel role of Cdc20 in
osteogenesis. However, the data in their current form are quite preliminary, hence a major revision is
recommended to provide strong evidence to support  the conclusions. Below are specific comments
that should be addressed prior to being considered for publicat ion in EMBO Reports.

1. Cdc20 is essent ial for M->G1 transit ion, complete loss of Cdc20 arrests cell cycle in M phase and
eventually causes cell death. Can the authors comment on whether the phenotypes observed are
at least  in part  due to decreased osteoblast  numbers upon Osx/Sp7-driven delet ion of Cdc20?
2. Fig. 1H-I, can the authors comment on why the Cdc20 WD40 domain was able to rescue the
decreased ALP act ivity upon Cdc20 loss?
3. Fig. 2, Did the authors perform whole-mount skeleton staining of control and Sp7-cre;Cdc20(f/f)
mice?
4. Fig. 2, Have the authors t ried co-staining Cdc20, p65 and an osteoblast  marker using
immunohistochemistry?
5. Fig. 3, Did the authors check p-p65 levels in condit ions where Cdc20 is depleted?
6. Fig. 3, In siCdc20 cells, was p65 mRNA affected as well?
7. Fig. 3 and 4, Why did the authors choose to focus on the p65/NF-kB pathway in this study? Are
other NF-kB pathway proteins found increased upon Cdc20 delet ion or interacted with Cdc20?
8. Fig. 6, APC2 is required for the integrity of APC/C complex, did the authors suggest in this study
an APC2-absent but APC11-present APC/C subcomplex to catalyze p65 ubiquit inat ion? The
authors should examine known APC(Cdc20) substrates to demonstrate an effect ive deplet ion of
APC2, APC11, and Cdh1.
9. Fig. EV5, was Cdc20 upregulated when knocking down Cdh1?
10. Fig. 7C, bacterially expressed and purified GST-Cdc20 and GST-APC11 are APC/C-free, the
authors need to explain why APC-free GST-Cdc20 and GST-APC11 promote the ubiquit inat ion of
p65 in vit ro.



1 

Response to Editor and Reviewer 1 

2 

Ms. Ref. No.: EMBOR-2021-52576 3 

Title: CDC20 regulates bone formation via APC/C dependent ubiquitination and 4 

degradation of p65 5 

6 

Dear Prof. Deniz Senyilmaz Tiebe, 7 

We would like to express our sincere thanks to the editor and reviewers for the critical 8 

comments and insightful suggestions concerning our manuscript. We found the 9 

reviewers’ comments to be very helpful and of great value for improving the quality 10 

of our manuscript and we have now made a thorough revision of the paper based on 11 

new experimental evidence. All the changes are highlighted in manuscript and a 12 

detailed point-to-point response to the editor and reviewers were provided. We hope 13 

that our revised manuscript and supporting information will meet the high standard of 14 

EMBO reports. 15 

16 

[Responses] 17 

Referee #1: 18 

Yangge Du and collaborators present in vivo and in vitro data demonstrating a novel 19 

and important role of CDC20 in bone formation. Genetic ablation of Cdc20 in 20 

Osterix-expressing cells reduces bone mass of 6 and 12-week-old conditional 21 

knockout (CKO) mice. In vitro, bone marrow mesenchymal stromal cells (BMSCs) 22 

lacking CDC20 present reduced expression of the osteogenic transcription factor 23 

RUNX2 and reduced capacity to generate alkaline phosphatase (ALP)-expressing 24 

26th May 20211st Authors' Response to Reviewers



2 
 

osteoblasts. Mechanistically, the authors show that CDC20 forms a complex with 25 

APC11 that ubiquitinates and targets p65 NFkB for proteasomal degradation. Their 26 

results obtained after pharmacological inhibition of the NFkB pathway (using 27 

BAY11-7082) and p65 knockdown (using shRNAs) in CDC20-deficient BMDCs, as 28 

well as p65 knockdown in CDC20 knockout mice (using systemic injections of 29 

shRNAs against p65) indicate that CDC20 regulates bone formation, at least in part 30 

through proteasomal degradation of p65. 31 

 32 

This manuscript is of very good quality, with a lot of work overall well executed. 33 

However, there are a few important points that must be addressed, in particular to 34 

validate the mouse model used in this study. These points are listed below (see "major 35 

comments"). Additional minor points should also be considered to further improve the 36 

quality of the manuscript (see "minor comments" below). 37 

 38 

Major comments: 39 

1- There are important missing verifications and information concerning the materials 40 

and methods, notably concerning the mouse model used in the current study. The 41 

Sp7-Cre line differs from the Osx-GFP::Cre (Tet-off) line that is classically used in 42 

the bone field. It seems that Sp7-Cre mice have not been previously characterized. No 43 

reference and no specific information are provided regarding this novel Cre line. In 44 

absence of complete description of the promoter used to drive Cre expression, and 45 

proper characterization of this mouse line, we do not know whether the Sp7-cre 46 



3 
 

transgene targets specifically Osx+ osteoprogenitors (without off-sites effects), and 47 

how this line compares to Osx-GFP::Cre (tet-off) animals. 48 

Response: Thanks for the constructive points. Osterix (Osx, Sp7) is a specific 49 

transcription factor of osteoprogenitors and we generated Sp7-Cre;Cdc20
f/f 

mice to 50 

examine the role of CDC20 during osteoprogenitors differentiation and bone 51 

formation. We have added the description about the mouse model in the methods and 52 

materials in manuscript in page 23, line 493 as follows. 53 

“Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice were generated by Biocytogen Co., Ltd. (Beijing, 54 

China) using CRISPR/Cas9 based EGE system. Briefly, single guide RNAs (sgRNAs) 55 

targeting the upstream of exon1 and the downstream of exon7 of Cdc20, respectively, 56 

were designed using the CRISPR design tool (http://www.sanger.ac.uk/htgt/wge/). 57 

The candidate sgRNAs were screened for on-target activity using the UCA™ 58 

CRISPR efficiency evaluation kit (Biocytogen Co., Ltd., Beijing, China), and two 59 

sgRNAs with high specificity and on-target activity were selected. The targeting 60 

vector that contains the genomic DNA spanning exon1-7 of mouse Cdc20 flanked by 61 

two loxP sites and the homology arms at the 5’ and 3’ regions were constructed as 62 

well. The targeting vector, the in vitro-synthesized sgRNAs and Cas9 mRNA were 63 

co-injected into C57BL/6N mouse zygotes. After injection, the surviving 2-cell-stage 64 

zygotes were transplanted into the KM albino pseudopregnant females. The founder 65 

mice bearing the floxed Cdc20 allele were determined by PCR amplification and 66 

DNA sequencing. Heterozygous Cdc20
fl/+

 mice were obtained by crossing the founder 67 

mice and the wild type C57BL/6N mice. The genotype of F1 heterozygous Cdc20
fl/+

 68 
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mice was confirmed by PCR amplification, DNA sequencing and Southern blot 69 

analysis. Sp7-Cre mice were generated from Beijing Biocytogen Co., Ltd.
 
To avoid 70 

disrupting Sp7 expression, iCre will be inserted between the coding sequence of 71 

exon2 and 3’UTR. 2A will be used to achieve the expression of Sp7 and iCre at the 72 

same time and level. To avoid disrupting poly (A) signal of Sp7 and promoter region 73 

of the downstream gene Aaas, Neo cassette flanked by frt sites will be inserted within 74 

the non-conserved region of intron. Genotyping primers: Osx-iCre-WT-F 75 

TACCAGAAGCGACCAC-TTGAGC; iCre-Mut-R, 76 

GCACACAGACAGGAGCATCTTC. Primers were showed in Table3. The detailed 77 

information of the iB-Sp7-iCre mice was shown on this website: 78 

https://biocytogen.com/products/cre-mouse-rat-models/b-sp7-osx-icre-mice/. This 79 

Sp7-Cre (Osx-Cre) mouse model has been used to examine the effects of specific 80 

gene loss in osteoblast progenitor cells on bone development (Chen et al, 2021; Jin et 81 

al, 2017). The application of this mouse model largely verifies that the Sp7-Cre 82 

transgene is able to specifically target Osx+ osteoprogenitors.” The process mentioned 83 

was shown in Fig EV1A. The genotypes of transgenic mice were shown in Fig EV1B. 84 

The Cdc20
f/f

 mice were in control groups, while Sp7-Cre;Cdc20
f/f

 in experimental 85 

groups. As for Osx-GFP::Cre (tet-off) model, the description is on this website: 86 

https://www.jax.org/strain/006361. Cre-mediated recombination in these mice is 87 

under the control of doxycycline. Thus, in the absence of doxycycline, EGFP-Cre 88 

fusion protein expression is restricted in osteoblast lineage. A Sp7-tTA, 89 

tetO-EGFP/Cre mouse model was generated by using the BAC of RP23-399N14 90 

https://biocytogen.com/products/cre-mouse-rat-models/b-sp7-osx-icre-mice/
https://www.jax.org/strain/006361


5 
 

(204kb) in 2006. Since the BAC contains some other genes such as Aaas, Myg1, 91 

Espl1 (except for Sp7), it results in a few potential risks of unexpected insertion of 92 

those genes, as well as the unclear position of the inserted BAC. While our strategy is 93 

to insert the Cre in a specific gene position to avoid generating the other unexpected 94 

transgene mice. Besides, the mouse model used in this research was lack of 95 

doxycycline regulation. The Cre recombinase-mediated removal of exon1-7 is 96 

expected to lead a translation termination of Cdc20. The two mouse models are 97 

available to conditional knockout specific gene targeting osteoprogenitors. 98 

 99 

Figure EV1A, B The manufacture and verification of conditional knockout 100 

mouse. 101 

(EV1A) The design strategy of conditional deletion of Cdc20 gene. (EV1B) Representative image 102 

of PCR genotypes of indicated mice. Sp7-Cre;Cdc20
f/f

 mice were in experimental groups, Cdc20
f/f

 103 

mice were in control groups. 104 

 105 

2- Tail vein/systemic injections of lentivirus encoding shRNAs to knockdown gene 106 

expression in mice are not commonly performed. Although we understand that 107 
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lentiviruses were injected during 4 weeks in CDC20 CKO mice, we do not know how 108 

much virus was inoculated, and how often. This information must be written in the 109 

manuscript. Since lentiviruses are inoculated in a systemic fashion, various "side 110 

effects" of p65 knockdown could be induced, and could complicate the interpretation 111 

of the rescue experiment. Ideally p65 could be conditionally knocked-out of 112 

osteoprogenitors, since floxed p65 mice exist. Alternatively, the authors should 113 

provide evidence that mice inoculated with lentiviruses during 4 weeks are healthy, 114 

and that apoptosis of liver hepatocytes is not induced in these mice, since whole-body 115 

deficiency of p65 leads to massive liver apoptosis and death. p65 expression in the 116 

liver of experimental and control animals should be evaluated, and perhaps in other 117 

organs as well. 118 

Response: Thanks for notification. Admittedly, injections of lentivirus are not the best 119 

way, however, it can provide evidence in addition to our cellular results. The detailed 120 

information was added in the manuscript page 25, line 546 as follows. 121 

“For p65 lentivirus injections, 8×10
8
 TU/ml lentiviruses 100μl every two weeks were 122 

injected for twice via the tail vein. Four weeks later, the mice were sacrificed.” We 123 

captured the pictures of the gross appearance of NC and p65 knockdown mice and 124 

compared the body weight. The results showed that the NC and p65sh mice were 125 

healthy, and there were no significant differences in the gross appearance and body 126 

weight (Appendix Fig S7A, B). The knockdown efficiency of p65 in the liver of NC 127 

and p65sh mice was determined by western blot assay (Appendix Fig S7C). Then we 128 

tried to clarify the conditions of livers after lentivirus injection. According to 129 
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Appendix Fig S7D, there were no significant differences in H&E staining and 130 

TUNEL staining, suggesting that apoptosis was not induced in p65sh mice. Some 131 

researchers also used lentivirus injection to knockdown specific gene in the systemic 132 

way (Krishnamachary et al, 2009; Luk et al, 2020). 133 

 134 

Appendix Fig S7A-D No significant adverse effects were found in tail vein 135 

injection of p65sh mice and the efficiency of p65 knockdown in liver. 136 

(S7A, B) The appearance and body weight of NC and p65sh lentivirus injected mice. Scale bar, 137 

1cm. Results are shown as mean ± SD; (n=5); ns, not significant. (S7C) Western blot of p65 138 

knockdown in the liver of NC and p65sh mice. (S7D) The H&E staining and TUNEL staining in 139 

the liver of NC and p65sh mice. Scale bar: 50μm. 140 

 141 
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3- Additional controls and time-points should be presented in the manuscript in order 142 

to better characterize the skeletal phenotype of the Cdc20 CKO mice. The bone 143 

phenotype of Sp7-Cre; +/+ (WT) and Sp7-Cre; fl/+ (conditional HETs) must be 144 

shown in addition to Cre-negative animals. Since Osterix is also expressed in growth 145 

plate chondrocytes, it is important to characterize the growth plate phenotype of the 146 

Sp7-Cre; fl/fl (CKO) mice. Part of the bone phenotype shown in 6-week-old mice 147 

could result from delayed endochondral bone formation, due to altered cartilage 148 

formation. It is important to know if this is the case. Characterization of endochondral 149 

bone development in embryos and newborn mice should provide valuable information. 150 

It would be interesting and important to provide data on the relative expression of 151 

CDC20 and p65 (mRNA and/or protein) in chondrocytes, osteoprogenitors, 152 

osteoblasts and osteocytes in wild type and CKO mice, on bone sections. 153 

Response: Thanks for the important points. Following the referee’s suggestion, we 154 

investigated the skeletal phenotypes of the following groups including Sp7-Cre, 155 

Cdc20
f/f

, Sp7-Cre;Cdc20
f/+

and Sp7-Cre;Cdc20
f/f

. Micro-CT analyses of the distal 156 

femur metaphysis of Sp7-Cre;Cdc20
f/f

 mice showed an impairment in trabecular bone 157 

micro-architecture compared to other controls. There were no significant differences 158 

among Sp7-Cre, Cdc20
f/f

, Sp7-Cre;Cdc20
f/+ 

phenotypes (Appendix Fig S1A). The 159 

BMD and BV/TV parameters in Sp7-Cre;Cdc20
f/f

 6-week-old mice were greatly 160 

lower than their
 
littermates. Sp7-Cre;Cdc20

f/f
 mice also had decreased Tb.N and 161 

increased Tb.Sp while there were no significant differences among other control 162 
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groups (Appendix Fig S1B-E). The identification of Sp7-Cre, Cdc20
f/f

, 163 

Sp7-Cre;Cdc20
f/+

and Sp7-Cre;Cdc20
f/f

 genotypes were shown (Appendix Fig S1F). 164 

 165 

Appendix Fig S1A-F. Conditional knockout of Cdc20 impairs bone formation. 166 

(S1A) Representative micro-CT images of trabecular bone from the femoral metaphysis of 167 

6-week-old Sp7-Cre, Cdc20
f/f

, Sp7-Cre;Cdc20
f/+ 

and Sp7-Cre;Cdc20
f/f 

mice. Scale bar, 500 μm. 168 

(S1B-E) Histomorphometric analyses of 6-week-old femurs. Results are shown as mean ± SD; 169 
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(n=3); ns, not significant, **p<0.01, ***p<0.001. (S1F) Representative image of PCR genotypes 170 

of Sp7-Cre, Cdc20
f/f

, Sp7-Cre;Cdc20
f/+ 

and Sp7-Cre;Cdc20
f/f

 mice. 171 

The growth plate phenotypes of 6-week-old mice were conducted to Goldner’s 172 

trichrome staining and the lengths of growth plates were evaluated through ImageJ 173 

software. The results showed that there were no significant differences between the 174 

lengths of growth plates of Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice (Appendix Fig S2A, 175 

B). As for characterization of endochondral bone development, we collected the 176 

femurs and tibiae of embryonic day 19 (E19), postnatal day 1 (P1) and day 4 (P4) 177 

mice and evaluated using H&E staining and Safranin-O-Fast Green staining. There 178 

were no discernable differences among the endochondral bone development in 179 

embryos and newborn mice (Appendix Fig S2C, D). 180 

 181 

Appendix Fig S2A-D The phenotypes of growth plates and endochondral bone 182 

development. 183 
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(S2A) Representative Goldner’s trichrome staining of chondrocytes from the femoral metaphysis 184 

of 6-week-old Cdc20
f/f 

and Sp7-Cre;Cdc20
f/f 

mice. Scale bar, 200 μm. (S2B) Statistical analyses of 185 

growth plate height of 6-week-old mice femurs. Results are shown as mean ± SD; (n=6); ns, not 186 

significant. (S2C, D) Representative H&E staining and Safranin-O-Fast Green staining of femurs 187 

and tibea of embryonic day 19 (E19), postnatal day 1 (P1) and day 4 (P4) of Cdc20
f/f

 and 188 

Sp7-Cre;Cdc20
f/f

 mice. Scale bar, 200 μm. 189 

Using immunofluorescence methods, we found the co-localization of CDC20 and p65 190 

on bone sections (Appendix Fig S4E). 191 

 192 

Appendix Fig S4E The co-localization of CDC20 and p65 on bone sections 193 

The co-localization of CDC20 and p65 on bone sections of mice. Scale bar, 50 μm. 194 

During the osteoblast differentiation, BMSCs, osteoblasts and the precursor cells 195 

could secret transcription factors to form the bone extracellular matrix. And the 196 

osteoprogenitors, osteoblasts, and osteocytes are all differentiated from BMSCs 197 

(Komori, 2006). Therefore, it is hard to distinguish these types using specific markers 198 

or particular morphology, and we used the markers osteocalcin (OCN), Runt-related 199 

transcription factor 2 (RUNX2) to represent them. In conditional knockout mice, the 200 

expression of CDC20, RUNX2 and OCN decreased, while p65 expression increased 201 

(Appendix Fig S3F). As for chondrocytes, we used Collagen Type Ⅱ(COL-2) to 202 
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characterize it. The results showed that the expression of COL-2 and CDC20 were 203 

stable in the cartilage of Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice (Appendix Fig S4F). 204 

 205 

Appendix Fig S3F Immunofluorescence of relative expression of CDC20, p65, 206 

OCN, RUNX2 on bone sections 207 

Immunofluorescence of relative expression of CDC20, p65, OCN, RUNX2 on bone sections 208 

of Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice. Scale bar, 20 μm. 209 

 210 

Appendix Fig S4F Immunofluorescence of relative expression of COL2 and 211 

CDC20 on bone sections 212 

Immunofluorescence of relative expression of COL2 and CDC20 on bone sections of Cdc20
f/f

 and 213 

Sp7-Cre;Cdc20
f/f

 mice. Scale bar, 20 μm. 214 



13 
 

 215 

Minor comments: 216 

1- Histological analyses of the scaffold engrafted subcutaneously in nude mice (Fig. 217 

1J, and 1K) should be further analyzed by in situ hybridization with osteoblast 218 

markers (such as Collagen Type I and/or osteopontin), to support the conclusion that 219 

CDC20 knockdown in hBMDCs impairs osteoblast differentiation 220 

Response: Thanks for reminding. As suggested, we aimed to figure out the relative 221 

mRNA and/ or protein levels of osteoblast markers, and we used the 222 

Immunohistochemistry method. The results showed that the expression of osteocalcin 223 

(OCN) and osteopontin (OPN) decreased in CDC20sh scaffold, suggesting that 224 

knockdown of CDC20 in hBMSCs impaired osteoprogenitor differentiation. The 225 

results were shown in Appendix Fig S2F. The description was added in the manuscript 226 

page 9 line 197 as follows. 227 

“The expression of osteoblast markers osteocalcin (OCN) and osteopontin (OPN) 228 

decreased in CDC20sh scaffold using IHC staining (Appendix Fig S2F). These results 229 

showed that knockdown of CDC20 impaired osteogenic differentiation of BMSCs.” 230 
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231 

Appendix Fig S2F. The OCN and OPN expression in NC and CDC20sh scaffold. 232 

The expression of OCN and OPN in sections of NC and CDC20sh scaffolds using IHC assay. 233 

Scale bar, 50 μm. 234 

 235 

2- Fig 2E, indicates that the holes in tibias of control and CKO have been drilled on 236 

opposite sides of the bone. Since the cortical thickness varies depending on the side of 237 

the tibia, it is important to generate bone defects at the exact same location for all 238 

control and CKO mice. It is also important to specify at which age these defects have 239 

been created. 240 

Response: Thanks for reminding. As suggested, we have repeated the experiments 241 

and evaluated the position of the holes. The description has been added in the 242 

manuscript page 33 line 708 as follows. 243 

“For tibial cortical bone defect, the 0.8 mm diameter holes were produced on the 244 

anterior surface of the tibiae with a round bur (Komet, Germany) conducting at 1000 245 

rpm with saline irrigation at about 2mm under the knees. These defects were 246 

conducted on 12-week-old mice, and these mice were sacrificed ten days later.” 247 
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Results were presented in Fig 1E, F. 248 

 249 

Fig 1E, F Representative micro-CT images and histomorphometric analysis of 250 

the regenerated bone in tibial cortical gaps 251 

(1E) Representative micro-CT images of tibial cortical bone defects in Sp7-Cre;Cdc20
f/f 

and 252 

littermate control mice. The green lines show the position of the original defect position. The 253 

green circle represents the regenerated bone. Scale bar, 500 μm. (1F) Histomorphometric analysis 254 

of the regenerated bone in tibial cortical gaps. Results are shown as mean ± SD; (n=5); 255 

***p<0.001. 256 

 257 

3- Fig. 6F, 3rd lane: there is a large APC11 band, while the legend indicates no 258 

HA-APC11 overexpressed in this sample. The legend appears correct since p65 259 

protein is upregulated in this sample. The APC11 blot should show a band in the 260 

second lane, not the third lane. This implies that immunostaining of p65 and of 261 

APC11 has been done on two unrelated blots. The entire experiment should be done 262 

again using the same membrane to detect p65, APC11, CDC20 and GAPDH. 263 



16 
 

Response: Thanks for reminding. As suggested, we repeated experiments and 264 

re-presented the figure. During the experiments, we adjusted the sequences of groups 265 

and misused the former lanes. We have re-evaluated it and changed the whole figure. 266 

 267 

Fig 6F Western blot analyses of p65 expression in NC or CDC20sh HEK293T 268 

cells after the overexpression of Vector or HA-APC11 plasmids. 269 

 270 

4- Fig. 7C shows robust induction of p65 ubiquitination in vitro in presence of 271 

purified CDC20 without APC11. Does this mean that APC11 is not required for 272 

CDC20-induced ubiquitination of p65? 273 

Response: Thanks for suggestions. Among the in vitro ubiquitination assay, the 274 

substrates Flag-p65 were obtained from cell lysis, the interaction of APC11 and p65 275 

were illustrated above and APC11 existed in the system, so it can not exclude the 276 

influence of APC11 in the induction of p65 ubiquitination. Some researchers also use 277 

this method to investigate the in vitro ubiquitination, the purified GST-tagged proteins 278 

from bacterial and substrates form cells were involved (Liu et al, 2016; Wang et al, 279 

2016; Wei et al, 2017). In addition, we added the in vitro ubiquitination promoted by 280 
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GST-CDC20 or GST-CDC20 with GST-APC11. The combination of GST-CDC20 281 

with GST-APC11 have exerted more ubiquitination of p65 than GST-CDC20 alone, 282 

illustrating APC11 can enhance the effect of CDC20 but not required. Results were 283 

shown in Appendix Fig S5A. 284 

 285 

Appendix Fig S5A Immunoblot of Flag-p65-linked in vitro ubiquitination 286 

promoted by GST-CDC20 or GST-CDC20 with GST-APC11. 287 

Bacterially expressed and purified GST-CDC20 or GST-CDC20 with GST-APC11 were incubated 288 

with purified proteins, including HA-ubiquitin, E1, E2, and Flag-p65 at 32 ℃ for 1 h. 289 

 290 

5- Fig 7F, middle lane shows a strong downregulation of CDC20 protein expression 291 

although no shRNAs against CDC20 are expressed. How do you explain this? 292 

Response: Thanks for notification. As suggested, we re-evaluated the lanes and 293 

repeated the experiments. We used CDC20sh HEK293T cells with high knockdown 294 

efficiency and found the expression of CDC20 in middle lane did not decrease 295 

compared to the first lane, and we have changed the whole figure of Fig 7F. 296 
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 297 

Fig 7F Immunoblot of Flag-p65-linked ubiquitination promoted by HA-APC11 298 

in NC and CDC20sh cells. 299 

NC or CDC20sh HEK293T cells were co-transfected with Flag-p65, His-Ubiquitin, 300 

with or without HA-APC11 and Vector plasmids. Transfected cells were treated with 301 

10 μM MG132 for 6 h before collection. 302 

 303 

6- The presentation of the results could be slightly reorganized by presenting first the 304 

mouse model and its skeletal phenotype, and then in vitro experiments with BMDCs 305 

(currently presented in Fig. 1). Moreover, the presentation of interaction of CDC20 306 

and p65 both in the text and in the figures appears somewhat lengthy and could be 307 

shortened. Finally, the results presented in fig. 6I-L could be transferred to figure 8, 308 

since they support the conclusion that p65/NFkB signaling plays a role downstream of 309 

CDC20 in osteoprogenitor differentiation. 310 
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Response: Thanks for the reminding. As suggested, we have reorganized the figure. 311 

We have changed the sequences of Fig 1 and Fig 2. The interaction of CDC20 and 312 

p65 in text has been shortened, the related figures in Fig EV4 have been transformed 313 

in Appendix Fig S4. The results presented in Fig 6I-L have been changed in Fig 8E, F 314 

and Fig 5EVF, G. 315 

 316 

7- The protocol used to generate BMSCs is unclear. 317 

Response: Thanks for the notification. As suggested, we have supplemented the 318 

description of generating BMSCs in page 22 line 476 as follows. 319 

“Mice were sacrificed and femurs and tibiae were collected. Small cuts 320 

(approximately 1 to 2 mm) were made at both the proximal and distal ends of the 321 

bones and bone marrow was flushed into the collection tubes. Then bones were cut up 322 

and digested in collagenase type 2 and type 4 (15 mg/ml, Worthington Biochemical 323 

Corporation) for 45 min. The supernatants of the digestion were mixed together with 324 

the flushed bone marrow for centrifugation, and the cell pellets were placed into the 325 

suitable dishes. After 48 h of culture, media was removed, aspirated and non-adherent 326 

cells were discarded. The cells were digested and the cell pellets were resuspended in 327 

the volume of culture media for plating. When the BMSCs reached confluency, they 328 

were proceeded to perform differentiation (Maridas et al, 2018).” 329 

 330 

Very minor additional comments: 331 
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1- The term "in vivo" page 5, line 108 is not appropriate since it refers to in vitro 332 

experiments. 333 

Response: As suggested, we have corrected them in the manuscript. The term “in 334 

vivo” in page 5, line 108 has been deleted in page 8, line 171 as follows. 335 

“To further investigate the important role of CDC20 in osteogenic differentiation of 336 

BMSCs, we gathered BMSCs from Cdc20
f/f

 control mice and Sp7-Cre;Cdc20
f/f

 337 

experimental mice through flushing bone marrow and digesting bone tissues with 338 

collagenase.” 339 

 340 

2- Page 6, line 121 the text "decreased ALP staining and activity" could be replaced 341 

by "decreased ALP staining and quantification" since the staining actually reflects 342 

ALP activity. 343 

Response: The text “decreased ALP staining and activity” in page 6, line 121 has 344 

been changed to “decreased ALP staining and quantification” in page 9, line 184 as 345 

follows. “Moreover, the CDC20 knockdown hBMSCs showed decreased ALP 346 

staining and quantification (Fig 2E, F).” 347 

 348 

3- The term "in vivo" page 13 line 282 may be misleading, since this is not observed 349 

in live mice but in cells cultured in vitro. This could be replaced by "in cells". 350 

Response: The term “in vivo” in page 13 line 282 has been replaced by “in cells” in 351 

page 16 line 332 as follows. 352 

“These results support p65 as a direct APC11
CDC20 

substrate in cells and in vitro.” 353 
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 354 

Referee #2: 355 

 356 

The authors describe a novel function of CDC20, a co-activator of the E3 ubiquitin 357 

ligase APC/C, in bone remodeling and regeneration. Whereas in vivo data to 358 

demonstrate this function were obtained by the generation and analysis of mice with 359 

Sp7-Cre-mediated CDC20 inactivation in bone-forming osteoblasts, the majority of 360 

experiments were set up to address the molecular bases explaining the deduced 361 

function of CDC20 in bone formation. Overall, this is a very complex study with 362 

strong and potentially relevant data. There are however several issues that remain to 363 

be addressed. 364 

 365 

Specific comments: 366 

1) Although the reported results are surely relevant from a basic science perspective, 367 

the statement that APC11CDC20 is a novel target for osteoporosis treatment appears 368 

too strong. Is it truly realistic to establish an agonist of such a complex cytoplasmatic 369 

regulator, whose expression is not restricted to osteoblasts? 370 

Response: Thanks for the important points. From our results above, loss of CDC20 in 371 

osteoprogenitors impaired bone formation, overexpression of CDC20 improved the 372 

osteogenic differentiation of MSCs. Targeting APC11
CDC20

 may influence the 373 

functions of osteoprogenitors, more evidence on its application should be investigated 374 

further. Perhaps we can change it to “Our current work clarified a cell-cycle 375 
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independent function of CDC20, establishing APC11
CDC20

 as a pivotal regulator for 376 

bone formation by governing the ubiquitination and degradation of p65, and may 377 

provide a novel clue in the treatment of bone-related diseases.” in page 2, line 35. 378 

 379 

2) The authors have to provide more information about their Sp7-Cre model, which 380 

apparently has been generated for this specific project. The key question is, if these 381 

mice represent a Cre knockin into the Sp7 locus, which might interfere with the 382 

endogenous expression of the relevant transcription factor Osterix. If this is the case, 383 

the Cdc20f/f mice alone would not be sufficient as a control, and it has to be 384 

evaluated if the Sp7-Cre mice display a skeletal phenotype, regardless of their Cdc20 385 

genotype. 386 

Response: Thanks for the constructive points. Osterix (Osx, Sp7) is a specific 387 

transcription factor of osteoblast precursor cells and we generated Sp7-Cre;Cdc20
f/f 

388 

mice to examine the role of CDC20 during osteoblast precursor differentiation and 389 

bone formation. We have added the description about the mouse model in the methods 390 

and materials in manuscript in page 23, line 493 as follows. 391 

“Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice were generated by Biocytogen Co., Ltd. (Beijing, 392 

China) using CRISPR/Cas9 based EGE system. Briefly, single guide RNAs (sgRNAs) 393 

targeting the upstream of exon1 and the downstream of exon7 of Cdc20, respectively, 394 

were designed using the CRISPR design tool (http://www.sanger.ac.uk/htgt/wge/). 395 

The candidate sgRNAs were screened for on-target activity using the UCA™ 396 

CRISPR efficiency evaluation kit (Biocytogen Co., Ltd., Beijing, China), and two 397 
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sgRNAs with high specificity and on-target activity were selected. The targeting 398 

vector that contains the genomic DNA spanning exon1-7 of mouse Cdc20 flanked by 399 

two loxP sites and the homology arms at the 5’ and 3’ regions were constructed as 400 

well. The targeting vector, the in vitro-synthesized sgRNAs and Cas9 mRNA were 401 

co-injected into C57BL/6N mouse zygotes. After injection, the surviving 2-cell-stage 402 

zygotes were transplanted into the KM albino pseudopregnant females. The founder 403 

mice bearing the floxed Cdc20 allele were determined by PCR amplification and 404 

DNA sequencing. Heterozygous Cdc20
fl/+

 mice were obtained by crossing the founder 405 

mice and the wild type C57BL/6N mice. The genotype of F1 heterozygous Cdc20
fl/+

 406 

mice was confirmed by PCR amplification, DNA sequencing and Southern blot 407 

analysis. Sp7-Cre mice were generated from Beijing Biocytogen Co., Ltd.
 
To avoid 408 

disrupting Sp7 expression, iCre will be inserted between the coding sequence of 409 

exon2 and 3’UTR. 2A will be used to achieve the expression of Sp7 and iCre at the 410 

same time and level. To avoid disrupting poly (A) signal of Sp7 and promoter region 411 

of the downstream gene Aaas, Neo cassette flanked by frt sites will be inserted within 412 

the non-conserved region of intron. Genotyping primers: Osx-iCre-WT-F 413 

TACCAGAAGCGACCAC-TTGAGC; iCre-Mut-R, 414 

GCACACAGACAGGAGCATCTTC. Primers were showed in Table3. The detailed 415 

information of the iB-Sp7-iCre mice was shown on this website: 416 

https://biocytogen.com/products/cre-mouse-rat-models/b-sp7-osx-icre-mice/. This 417 

Sp7-Cre (Osx-Cre) mouse model has been used to examine the effects of specific 418 

gene loss in osteoblast progenitor cells on bone development (Chen et al, 2021; Jin et 419 

https://biocytogen.com/products/cre-mouse-rat-models/b-sp7-osx-icre-mice/
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al, 2017). The application of this mouse model largely verifies that the Sp7-Cre 420 

transgene is able to specifically target Osx+ osteoprogenitors.” 421 

Following the referee’s suggestion, we investigate the skeletal phenotype of the 422 

following groups including Sp7-Cre, Cdc20
f/f

, Sp7-Cre; Cdc20
f/+

and Sp7-Cre; 423 

Cdc20
f/f

. Micro-CT analyses of the distal femur metaphysis of Sp7-Cre; Cdc20
f/f

 mice 424 

showed an impairment in trabecular bone micro-architecture compared to other 425 

controls. There were no significant differences among Sp7-Cre, Cdc20
f/f

, Sp7-Cre; 426 

Cdc20
f/+

phenotypes (Appendix Fig S1A). The BMD and BV/TV parameters in 427 

Sp7-Cre;Cdc20
f/f

 6-week-old male mice were greatly lower than their
 
littermates. 428 

Sp7-Cre;Cdc20
f/f

 mice also had decreased Tb.N, and increased Tb.Sp while there were 429 

no significant differences among other control groups (Appendix Fig S1B-E). The 430 

identification of Sp7-Cre, Cdc20
f/f

, Sp7-Cre; Cdc20
f/+

and Sp7-Cre; Cdc20
f/f

 genotypes 431 

were shown in Appendix Fig S1F. 432 
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 433 

Appendix Fig S1A-F. Conditional knockout of Cdc20 impairs bone formation. 434 

(S1A) Representative micro-CT images of trabecular bone from the femoral metaphysis of 435 

6-week-old Sp7-Cre, Cdc20
f/f

, Sp7-Cre;Cdc20
f/+ 

and Sp7-Cre;Cdc20
f/f 

mice. Scale bar, 500 μm. 436 

(S1B-E) Histomorphometric analyses of 6-week-old femurs. Results are shown as mean ± SD; 437 

(n=3); ns, not significant, **p<0.01, ***p<0.001. (S1F) Representative image of PCR genotypes 438 

of Sp7-Cre, Cdc20
f/f

, Sp7-Cre;Cdc20
f/+ 

and Sp7-Cre;Cdc20
f/f

 mice. 439 
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 440 

3) Since the in vivo findings in Sp7-Cre/Cdc20f/f mice are essentially the basis for the 441 

molecular experiments described thereafter, it would be important to strengthen them. 442 

In fact, there was no analysis performed to understand the cellular causes of the 443 

osteopenia. This could be done by cellular histomorpometry quantifying osteoblast 444 

and osteoclast numbers on the femur sections. Alternatively, the authors could 445 

measure serum levels of bone formation and resorption biomarkers. As presented, the 446 

phenotype description is incomplete. 447 

Response: Thanks for suggestions. We used markers osteocalcin (OCN), Collagen 448 

Type I (COL1) to characterize osteoblasts, and Tartrate-resistant acid phosphatase 449 

(TRAP) staining to characterize osteoclasts using IHC assay (Appendix Fig S3A). We 450 

calculated the numbers of positive expression cells per perimeter of bone matrix. The 451 

measurement of osteoblasts and osteoclasts were calculated using ImageJ software 452 

and presented as N.Ob/B.Pm (osteoblast number/bone perimeter) or N.Oc/B.Pm 453 

(osteoclast number/bone perimeter) and no significant differences were seen in 454 

Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f 

mice (Appendix Fig S3B). Additionally, the serum 455 

levels of PINP and CTX-1 were measured through Elisa assay. The results showed 456 

that the bone formation biomarker PINP decreased in Sp7-Cre;Cdc20
f/f 

mice, while 457 

bone resorption marker CTX-1 did not change (Appendix Fig S3D, E). The results 458 

implied that the decreased function of osteoblasts was not due to the differences of 459 

cell numbers. Perhaps the CDC20 loss in osteoprogenitors resulting in activation of 460 

p65 may provide some evidence. 461 
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 462 

Appendix Fig S3A, B, D, E The numbers and the expression of biomarkers of 463 

osteoblasts and osteoclasts. 464 

(S3A) Immunohistochemistry of OCN and COL1, and TRAP staining of 6-week-old Cdc20
f/f

, 465 

Sp7-Cre;Cdc20
f/f 

mice. The arrows represent the positive expression cells. Scale bar, 50 μm. (S3B) 466 

Measurements and statistical analyses of numbers of osteoblasts and osteoclasts in bone sections 467 

of Cdc20
f/f

and Sp7-Cre;Cdc20
f/f 

mice. (n=6) (S3D, E) Measurements and statistical analyses of 468 

PINP and CTX-1 in the serum of Cdc20
f/f 

and Sp7-Cre;Cdc20
f/f 

mice. (n=6) Results are shown as 469 

mean ± SD; ns, not significant, *p<0.05. N.Ob/B.Pm (osteoblast number/bone perimeter), 470 

N.Oc/B.Pm (osteoclast number/bone perimeter). 471 

 472 
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4) The molecular experiments shown in the second part of the manuscript are overall 473 

convincing, although I personally consider the data obtained in BMCSs (now mostly 474 

shown as Supplemental Figures) as more relevant than the data obtained in HEK cells. 475 

Moreover, although some of the Western blot results are confirmed by quantitative 476 

data, many others are not. Since the authors state that all data were collected from at 477 

least three independent experiments, it should be possible to perform quantification 478 

and statistical analysis for all presented data. 479 

Response: Thanks for notifications. In the mechanical experiments, we mainly use 480 

HEK293T cells. Lots of immunoprecipitations as well as ubiquitination experiments 481 

were involved in our research, which requires large numbers of cells and high 482 

efficiency of transfection. Compared to BMSCs, HEK293T cells are easier to 483 

transfect and are able to produce large amounts of recombinant proteins. We have 484 

verified the important experiments in BMSCs but not the whole. Therefore, we 485 

choose to show results from HEK293T in the main figure related to the mechanical 486 

experiments and we have changed the degradation of p65 by CDC20 in BMSCs to the 487 

main figure. Furthermore, we have repeated the experiments at least three times and 488 

we provide quantifications and statistical analyses of the significant differences in 489 

western blot experiments in Appendix Fig S8. 490 
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 491 

Appendix Fig S8 Quantifications and statistical analyses of the significant 492 

differences in western blot experiments. 493 

Results are shown as mean ± SD; n ≥ 3 ; *p<0.05; **p<0.01; ***p<0.001. 494 

 495 

5) In the last paragraph of the Results section the authors state that "..., lentiviruses 496 

were distributed in mice and the expression levels of p65 was knocked down 497 
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according to qRT-PCR and western blot analyses." While this statement suggests that 498 

p65 expression was analyzed in vivo, the legend of Figure EV7B/C indicates that 499 

these results were obtained in BMSCs. If this means that the expression analysis was 500 

performed in ex vivo cultures, this has to be clearly stated. 501 

Response: Thanks for reminding. As suggested, we have corrected it in page 17, line 502 

367 as follows. 503 

“To clarify the efficiency of p65 knockdown in bone sections, lentivirus was 504 

distributed in mice (Fig EV5A)，the expression levels of p65 in BMSCs obtained from 505 

femurs and tibiae were examined according to qRT-PCR and western blot analyses 506 

(Fig EV5B, C).” 507 

 508 

6) Given the complexity of their findings, the authors should think about providing a 509 

schematic presentation to illustrate their conclusions. 510 

Response: Thanks for suggestions. We have provided the schematic figure 511 

concerning about the mechanisms and the functional experiments in cells and in mice 512 

in Appendix Fig S7E. The left model shows the relationship of APC11, CDC20, p65 513 

and ubiquitin. The WD40 domain of CDC20 interacts with the RHD domain of p65, 514 

which subsequently transfers polyubiquitin to p65 inducing its degradation in a 515 

proteasome-dependent manner and promoted the osteogenesis of BMSCs through 516 

NF-κB pathway. APC11 is involved in this process. The right model shows the 517 

method to generate the conditional knockout mice and loss of Cdc20 in 518 

osteoprogenitors in mice results in decreased bone formation. 519 
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 520 

Appendix Fig S7E. A model depicting how CDC20 regulates bone formation 521 

through p65. 522 

The left model shows the relationship of APC11, CDC20, p65 and ubiquitin. The right model 523 

shows the method to generate the mice and loss of Cdc20 in osteoprogenitors in mice results in 524 

decreased bone formation. 525 

 526 

Referee #3: 527 

 528 

In this manuscript, Du et al. report a positive regulation of osteogenesis by the 529 

APC/C(Cdc20) ubiquitin E3 ligase complex through modulating p65/RelA stability. 530 

The authors observed a positive correlation between Cdc20 expression and 531 

osteogenesis using both in vitro BMSC culture/differentiation models and an in vivo 532 

conditional Cdc20 knockout mouse model. There is a decreased bone mass found in 533 

Cdc20-depleted animals. The authors then sought to define the underlying mechanism, 534 

they found p65 was upregulated in Cdc20-deficient BMSCs, hence hypothesized p65 535 

as an APC(Cdc20) ubiquitin substrate. They provided evidence that p65 bound to 536 

Cdc20 and that Cdc20 facilitates p65 ubiquitination. To assess the role of p65 in 537 
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Cdc20-mediated osteogenesis, the authors delivered p65sh lentivirus into the mice 538 

and were able to observe a rescued phenotype. This is an interesting study 539 

demonstrating a novel role of Cdc20 in osteogenesis. However, the data in their 540 

current form are quite preliminary, hence a major revision is recommended to provide 541 

strong evidence to support the conclusions. Below are specific comments that should 542 

be addressed prior to being considered for publication in EMBO Reports. 543 

 544 

1. Cdc20 is essential for M->G1 transition, complete loss of Cdc20 arrests cell cycle 545 

in M phase and eventually causes cell death. Can the authors comment on whether the 546 

phenotypes observed are at least in part due to decreased osteoblast numbers upon 547 

Osx/Sp7-driven deletion of Cdc20? 548 

Response: Thanks for the critical comments. As suggested, we used markers 549 

osteocalcin (OCN), Collagen Type I (COL1) to characterize osteoblasts using IHC 550 

assay (Appendix Fig S3A). The numbers of osteoblasts were calculated using ImageJ 551 

software and presented as N.Ob/B.Pm (osteoblast number/bone perimeter) and no 552 

significant differences were seen in Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f 

mice (Appendix Fig 553 

S3B). Additionally, the EdU assay conducted on mice showed no discernable 554 

differences of proliferation ability between Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f 

mice 555 

(Appendix Fig S3C). The results implied that the decreased function of osteoblasts 556 

was not due to the differences of cell numbers. Perhaps the phenotype of bone loss in 557 

Sp7-Cre;Cdc20
f/f 

mice was mainly due to the reduced function of osteoblasts, and the 558 
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CDC20 loss in osteoprogenitors resulting in activation of p65 may provide some 559 

evidence. 560 

 561 

Appendix Fig S3A-C. The measurements of numbers of osteoblasts and the 562 

proliferating cells. 563 

(S3A) Immunohistochemistry of OCN and COL1 of 6-week-old Cdc20
f/f

, Sp7-Cre;Cdc20
f/f 

mice. 564 

The arrows represent the positive expression cells. Scale bar, 50 μm. (S3B) Measurements and 565 

statistical analyses of numbers of osteoblasts in bone sections of Cdc20
f/f

and Sp7-Cre;Cdc20
f/f 566 

mice. (n=6) Results are shown as mean ± SD; ns, not significant. (S3C) Immunofluorescence of 567 

EdU of Cdc20
f/f

, Sp7-Cre;Cdc20
f/f 

mice femurs. Scale bar, 50 μm. N.Ob/B.Pm (osteoblast 568 

number/bone perimeter). 569 

 570 

2. Fig. 1H-I, can the authors comment on why the Cdc20 WD40 domain was able to 571 

rescue the decreased ALP activity upon Cdc20 loss? 572 
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Response: Thanks for the points. WD40 domain of CDC20 was reported to be 573 

engaged in multiple protein-protein interactions. CDC20 appeared to bridge the 574 

interactions between APC/C and the substrates through this structure (Yu, 2007). As 575 

our results showed above, WD40 domain of CDC20 was responsible for the 576 

interaction and degradation of p65, thus influencing the osteogenesis of BMSCs. 577 

Therefore, overexpression of WD40 domain of CDC20 can rescue the decreased ALP 578 

activity and bone formation by inducing the ubiquitination of p65. 579 

 580 

3. Fig. 2, Did the authors perform whole-mount skeleton staining of control and 581 

Sp7-cre;Cdc20(f/f) mice? 582 

Response: Thanks for reminding. As suggested, we have performed whole-mount 583 

skeleton staining of Cdc20
f/f 

and Sp7-Cre;Cdc20
f/f

 postnatal day 2 (P2) mice. The 584 

whole skeleton, upper extremities and hind limbs were presented (Appendix Fig S2E). 585 

No significant differences were seen in the staining of skeleton. 586 

 587 
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Appendix Fig S2E. Whole-mount skeleton staining of Cdc20
f/f

 and 588 

Sp7-Cre;Cdc20
f/f 

P2 mice. 589 

The upper one shows the whole skeleton. The middle one shows the upper extremities, 590 

and the lower one shows the hind limbs of Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice. Scale 591 

bar, 1cm. 592 

 593 

Fig. 2, Have the authors tried co-staining Cdc20, p65 and an osteoblast marker using 594 

immunohistochemistry? 595 

Response: Thanks for suggestions. Using immunochemistry methods, we found the 596 

co-localization of CDC20 and p65 on bone sections (Appendix Fig S4E). As for 597 

osteogenic markers, we chose the early and late osteoblast marker, Runt-related 598 

transcription factor 2 (RUNX2) and osteocalcin (OCN), to characterize the osteogenic 599 

ability. In conditional knockout mice, the expression of CDC20, RUNX2 and OCN 600 

decreased, while p65 expression increased (Appendix Fig S3F), suggesting that loss 601 

of CDC20 in osteoprogenitors impaired the osteogenic differentiation. 602 

 603 

Appendix Fig S4E The co-localization of CDC20 and p65 on bone sections 604 

The co-localization of CDC20 and p65 on bone sections of mice. Scale bar, 50 μm. 605 

 606 
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 607 

Appendix Fig S3F Immunofluorescence of relative expression of CDC20, p65, 608 

OCN, RUNX2 of Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice on bone sections. 609 

Immunofluorescence of relative expression of CDC20, p65, OCN, RUNX2 on bone sections 610 

of Cdc20
f/f

 and Sp7-Cre;Cdc20
f/f

 mice. Scale bar, 20 μm. 611 

 612 

5. Fig. 3, Did the authors check p-p65 levels in conditions where Cdc20 is depleted? 613 

Response: Thanks for reminding. As suggested，we used shRNA to deplete CDC20 614 

and conducted western blot assay. The results showed that the expression of p-p65 615 

increased in CDC20sh hBMSCs (Appendix Fig S4B). 616 

                        617 

Appendix Fig S4B Western blot analyses of p65, p-p65 in NC and CDC20sh 618 

hBMSCs. 619 
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 620 

6. Fig. 3, In siCdc20 cells, was p65 mRNA affected as well? 621 

Response: Thanks for notification. As suggested, we conducted qRT-PCR 622 

experiments in siCDC20 cells. The results showed that the expression of NF-κB 623 

pathway downstream factor, IL-6 and IL-8 increased, while the expression of p65 624 

remained stable (Appendix Fig S4A). 625 

 626 

Appendix Fig S4A The expression of CDC20, p65 and NF-κB pathway 627 

downstream genes IL-6, IL-8 of NC and CDC20si hBMSCs determined by 628 

qRT-PCR. 629 

Results are shown as mean ± SD; (n=5); ns, not significant, ***p<0.001. 630 

 631 

7. Fig. 3 and 4, Why did the authors choose to focus on the p65/NF-kB pathway in 632 

this study? Are other NF-kB pathway proteins found increased upon Cdc20 deletion 633 

or interacted with Cdc20? 634 

Response: Thanks for suggestions. Actually, we first found that in CDC20 deleted 635 

cells, the osteogenesis of BMSCs decreased largely, so we tried to find the pathway 636 

related to bone formation. Interestingly, we found the mRNA expression of NF-κB 637 

pathway downstream factor significantly increased in CDC20si cells. Then we sought 638 
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to find the key protein and we found the interaction and degradation of CDC20 on 639 

p65，so we chose to target on p65/NF-κB pathway. As suggested, we evaluated the 640 

interaction of other proteins in NF-κB pathway with CDC20. Our results illustrated 641 

that no interaction was found between CDC20 and IκBα (Appendix Fig S 4C, D). 642 

Based on the result, we clarified that the ubiquitination of p65 controlled by CDC20 643 

influenced the osteogenesis of BMSCs. 644 

 645 

Appendix Fig S4C, D No interaction was found between CDC20 and IκBα in 646 

hBMSCs. 647 

 648 

8. Fig. 6, APC2 is required for the integrity of APC/C complex, did the authors 649 

suggest in this study an APC2-absent but APC11-present APC/C subcomplex to 650 

catalyze p65 ubiquitination? The authors should examine known APC(Cdc20) 651 

substrates to demonstrate an effective depletion of APC2, APC11, and Cdh1. 652 

Response: Thanks for notification. As suggested, we performed the ubiquitination 653 

assay in NC and APC2sh HEK293T cells with the overexpression of APC11, and 654 

found no significant differences of p65 ubiquitination (Appendix Fig S6A). 655 

Researches have clarified the known substrate Cyclin B1 of APC11, APC2, CDH1 656 

and other APC/C subunits (Almeida, 2012; Dimova et al, 2012; Pfleger et al, 2001). 657 
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Therefore, we chose Cyclin B1 as the known substrate to demonstrate the effective 658 

depletion of APC2, APC11 and CDH1 (Appendix Fig S6B-D). Our results implied 659 

that APC2 did not influence the ubiquitination of p65 by APC11. Some researchers 660 

have found the ability of APC11 to catalyze substrates without APC2 (Leverson et al, 661 

2000), demonstrating the catalytic ability of APC11 alone. 662 

 663 

Appendix Fig S6A-D Immunoblot of Flag-p65-linked ubiquitination promoted 664 
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by HA-APC11 in NC and APC2sh cell and immunoblot of Cyclin B1-linked 665 

ubiquitination after the knockdown of APC2, APC11, CDH1. 666 

(S6A) NC or APC2sh HEK293T cells were co-transfected with Flag-p65, 667 

His-Ubiquitin, with or without HA-APC11 and Vector plasmids. Transfected cells 668 

were treated with 10 μM MG132 for 6 h before collection. (S6B-D) NC and APC2sh, 669 

APC11sh, CDH1sh HEK293T cells were treated with 10 μM MG132 for 6 h, whole 670 

cell protein extracts were immunoprecipitated with anti-Cyclin B1 and 671 

immunoprecipitations were immunoblotted for Ubiquitin. 672 

 673 

9. Fig. EV5, was Cdc20 upregulated when knocking down Cdh1? 674 

Response: Thanks for reminding. As suggested, we used shRNA to knock down 675 

CDH1 and found no obvious change of CDC20 expression in western blot (Fig 676 

EV4F). 677 

 678 

Fig EV4F Western blot analyses of the expression of CDC20 in NC and CDH1sh 679 

HEK293T cells. 680 

 681 
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10. Fig. 7C, bacterially expressed and purified GST-Cdc20 and GST-APC11 are 682 

APC/C-free, the authors need to explain why APC-free GST-Cdc20 and GST-APC11 683 

promote the ubiquitination of p65 in vitro. 684 

Response: Thanks for notification. Among in vitro ubiquitination assay, the 685 

GST-tagged protein was gathered from bacterial, while FLAG-p65 was obtained from 686 

cell lysis. The interaction of APC11 and p65 were illustrated above and APC11 687 

existed in the system. The cell lysis contains the endogenous APC/C and intrigues the 688 

ubiquitination of p65. Some researchers also use this method to investigate the in vitro 689 

ubiquitination, the purified GST-tagged proteins from bacterial and substrates form 690 

cells were involved (Liu et al, 2016; Wang et al, 2016; Wei et al, 2017). In our results, 691 

we saw dramatic increasement of ubiquitination of p65 added with GST-CDC20 or 692 

GST-APC11, the combination of GST-CDC20 with GST-APC11 exerted more 693 

ubiquitination of p65 than GST-CDC20, suggesting both enzymes can catalyze this 694 

reaction and APC11 enhanced the ubiquitination of p65 by CDC20. Results were 695 

shown in Appendix Fig S5A. 696 

 697 
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Appendix Fig S5A Immunoblot of Flag-p65-linked in vitro ubiquitination 698 

promoted by GST-CDC20 or GST-CDC20 with GST-APC11. 699 

Bacterially expressed and purified GST-CDC20 or GST-CDC20 with GST-APC11 700 

were incubated with purified proteins, including HA-ubiquitin, E1, E2, and Flag-p65 701 

at 32 ℃ for 1 h. 702 

 703 
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16th Jun 20211st Revision - Editorial Decision

Dear Dr. Zhou,

Thank you for submit t ing your revised manuscript . It  has now been seen by all of the original
referees. 

As you can see, the referee finds that the study is significant ly improved during revision and
recommends publicat ion. However, referee #1 finds that the characterizat ion of Sp7-iCre line is
current ly insufficient . We agree with referee #1 that addressing this concern would significant ly
strengthen the manuscript . However, being unable to address this point  will not  preclude from
publicat ion here.

Moreover, I need you to address the editorial points below before I can accept the manuscript .

• As per our format requirements, in the reference list , citat ions should be listed in alphabet ical order
and then chronologically, with the authors' surnames and init ials inverted; where there are more
than 10 authors on a paper, 10 will be listed, followed by 'et  al.'. Please see
https://www.embopress.org/page/journal/14693178/authorguide#referencesformat 
• We note that Appendix Figure S7D and the panels of Appendix Figure S8 are current ly not called
out in the text .
• We note some irregularit ies in the background of p65 blot  of Figure EV4G. Please provide a higher
resolut ion image.
• We note that there are two lines intersect ing the pages of Appendix Figures S4, S5, S6 and S7.
Please rect ify this.
• Please provide source data for Figure 6F and Appendix Fig S5A. Please see
https://www.embopress.org/page/journal/14693178/authorguide#sourcedata
• Please upload Table 1 as 'Reagents and Tools Table' to the manuscript  t racking system. Please
see ht tps://www.embopress.org/page/journal/14693178/authorguide#text format
• We note that ORCID iD of Dr. Ping Zhang has not yet  been linked. As of January 2016, new EMBO
Press policy asks for all corresponding authors to link to their ORCID iDs. You can read about the
change under "Authorship Guidelines" in the Guide to Authors here:
ht tp://emboj.embopress.org/authorguide

In order to link your ORCID iD to your account in our manuscript  t racking system, please do the
following:

1. Click the 'Modify Profile' link at  the bottom of your homepage in our system.
2. On the next page you will see a box halfway down the page t it led ORCID*. Below this box is red
text  reading 'To Register/Link to ORCID, click here'. Please follow that link: you will be taken to
ORCID where you can log in to your account (or create an account if you don't  have one)

3. You will then be asked to authorise Wiley to access your ORCID informat ion. Once you have
approved the linking, you will be brought back to our manuscript  system.

We regret  that  we cannot do this linking on your behalf for security reasons.

• I have taken the liberty of performing some minor changes in the items below. Please take a look
and confirm, or feel free to make further changes.
Tit le: CDC20 promotes bone format ion via APC/C dependent ubiquit inat ion and degradat ion of p65



Synopsis: This study reveals a cell-cycle independent funct ion of CDC20 and ident ifies
APC11CDC20 as a posit ive regulator of bone format ion. 
Abstract : 
The E3 ubiquit in ligase complex CDC20-act ivated Anaphase-promot ing complex/Cyclosome
(APC/CCDC20) plays a crit ical role in governing mitot ic progression by target ing key cell-cycle
regulators for degradat ion. Cell division cycle protein 20 homolog (CDC20), the co-act ivator of
APC/C, is required for full ubiquit in ligase act ivity. In addit ion to its well-known cell-cycle related
funct ions, we demonstrate that CDC20 plays an essent ial role in osteogenic commitment of bone
marrow mesenchymal stromal/stem cells (BMSCs). Cdc20 condit ional knockout mice exhibit
decreased bone format ion and impaired bone regenerat ion after injury. Mechanist ically, we
discovered a funct ional interact ion between the WD40 domain of CDC20 and the DNA-binding
domain of p65. Moreover, CDC20 promotes the ubiquit inat ion and degradat ion of p65 in an APC11-
dependent manner. More important ly, knockdown of p65 rescues the bone loss in Cdc20
condit ional knockout mice. Our current work reveals a cell-cycle independent funct ion of CDC20,
establish APC11CDC20 as a pivotal regulator for bone format ion by governing the ubiquit inat ion
and degradat ion of p65, and may pave the way for t reatment of bone-related diseases.

• Our product ion/data editors have asked you to clarify several points in the figure legends (see
attached document). Please incorporate these changes in the at tached word document and return
it  with t rack changes act ivated.

Thank you again for giving us to consider your manuscript  for EMBO Reports, I look forward to your
minor revision.

Kind regards,

Deniz Senyilmaz Tiebe

--
Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports

Referee #1:

Yangge Du and collaborators have addressed thoroughly the concerns raised and suggest ions
made to improve the first  version of their manuscript . This revised manuscript  convincingly
demonstrate that CDC20 is essent ial for bone format ion and works at  least  in part  through the
control of proteasomal degradat ion of P65. This finding is both novel and important, and could have
addit ional interest ing implicat ions in other t issues.

All concerns have been adequately addressed with the except ion perhaps of the lack of
characterizat ion of the Sp7-iCre mouse line used to target osteoprogenitor cells in this study. The
authors provided a link to the website of Biocytogen, the company that generated this line, but the
website does not provide any characterizat ion of the line nor any published art icle report ing such
characterizat ion. Du and colleagues also cited two publicat ions in which authors have used the
same Sp7-iCre line (from Biocytogen). Although these studies present abnormal bone phenotypes



(like in the current study of Du and colleagues), they do not demonstrate that the Sp7-iCre
transgene targets specifically osteoprogenitors and does not have off-sites effects. It  would be
reassuring if the authors could provide data obtained by mat ing Sp7-iCre mice (generated by
Biocytogene) with a Rosa26-LacZ or tdTomato reporter mouse lines to demonstrate that Sp7-iCre
specifically targets osteoprogenitor cells in mice. 

With the except ion of this specific point , the work of Du and collaborators appears extremely well
done, and the data robust. 

Minor point : the age of the mice and type of bones used to generate bone sect ions presented in
supplemental figures are not always ment ioned. 

Referee #2:

The authors have adequately addressed all my previous comments and further improved their
manuscript .

Referee #3:

In the revised manuscript , the authors significant ly strengthened their data in osteogenesis assays
and Cdc20-dependent regulat ion of p65 stability. I would recommend it  for publicat ion.



Response to Editor and Reviewer 

Ms. Ref. No.: EMBOR-2021-52576 

Title: CDC20 promotes bone formation via APC/C dependent ubiquitination and degradation of 

p65 

Dear Prof. Deniz Senyilmaz Tiebe, 

We would like to express our sincere thanks to the editors and reviewers for the points concerning 

our manuscript. We found the suggestions of editors and reviewers to be very helpful and of great 

value for improving the quality of our manuscript. We have now made a revision of the paper. All 

the changes are highlighted in manuscript and a detailed point-to-point response were provided. 

We hope that our revised manuscript and supporting information will meet the high standard of 

EMBO reports. 

• As per our format requirements, in the reference list, citations should be listed in alphabetical

order and then chronologically, with the authors' surnames and initials inverted; where there are 

more than 10 authors on a paper, 10 will be listed, followed by 'et al.'. Please 

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

Response: Thanks. We have rectified the format of references according to the requirements. 

• We note that Appendix Figure S7D and the panels of Appendix Figure S8 are currently not called

2nd Jul 20212nd Authors' Response to Reviewers

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


out in the text. 

Response: Thanks. We have added the “Appendix Figure S7D” in page 17 line 367 as follows. 

“Then we conducted H&E staining and TUNEL staining of the liver, no discernable differences 

were found, suggesting that apoptosis was not induced in p65sh mice (Appendix Fig S7D).” 

And we have changed “Appendix Figure S8” into “Appendix Figure S8A-Q” in page 18 line 394 

to present the panels as follows. 

“The statistical analyses of significantly different western blot lanes were presented in Appendix 

Fig S8A-Q.” 

 

• We note some irregularities in the background of p65 blot of Figure EV4G. Please provide a 

higher resolution image. 

Response: Thanks. We have provided a higher resolution image of p65 blot of Figure EV4G. 

 

 

• We note that there are two lines intersecting the pages of Appendix Figures S4, S5, S6 and S7. 

Please rectify this. 



Response: Thanks. We have rectified this and uploaded Appendix Figures. 

 

• Please provide source data for Figure 6F and Appendix Fig S5A. Please 

see https://www.embopress.org/page/journal/14693178/authorguide#sourcedata 

Response: Thanks. We have provided source data of Figure 6F and Appendix Fig S5A, and 

uploaded this on the system. 

 

 

• Please upload Table 1 as 'Reagents and Tools Table' to the manuscript tracking system. Please 

see https://www.embopress.org/page/journal/14693178/authorguide#textformat 

Response: Thanks. We have uploaded Table 1 as 'Reagents and Tools Table' to the manuscript 

https://www.embopress.org/page/journal/14693178/authorguide#sourcedata
https://www.embopress.org/page/journal/14693178/authorguide#textformat


tracking system. 

 

• We note that ORCID iD of Dr. Ping Zhang has not yet been linked. As of January 2016, new 

EMBO Press policy asks for all corresponding authors to link to their ORCID iDs. You can read 

about the change under "Authorship Guidelines" in the Guide to Authors 

here: http://emboj.embopress.org/authorguide 

 

In order to link your ORCID iD to your account in our manuscript tracking system, please do the 

following: 

 

1. Click the 'Modify Profile' link at the bottom of your homepage in our system. 

2. On the next page you will see a box halfway down the page titled ORCID*. Below this box is 

red text reading 'To Register/Link to ORCID, click here'. Please follow that link: you will be taken 

to ORCID where you can log in to your account (or create an account if you don't have one) 

3. You will then be asked to authorise Wiley to access your ORCID information. Once you have 

approved the linking, you will be brought back to our manuscript system. 

 

We regret that we cannot do this linking on your behalf for security reasons. 

 

Response: Thanks. We have revised it in the system.  

 

http://emboj.embopress.org/authorguide


• I have taken the liberty of performing some minor changes in the items below. Please take a look 

and confirm, or feel free to make further changes. 

Title: CDC20 promotes bone formation via APC/C dependent ubiquitination and degradation of 

p65 

Synopsis: This study reveals a cell-cycle independent function of CDC20 and identifies 

APC11CDC20 as a positive regulator of bone formation. 

Abstract: 

The E3 ubiquitin ligase complex CDC20-activated Anaphase-promoting complex/Cyclosome 

(APC/CCDC20) plays a critical role in governing mitotic progression by targeting key cell-cycle 

regulators for degradation. Cell division cycle protein 20 homolog (CDC20), the co-activator of 

APC/C, is required for full ubiquitin ligase activity. In addition to its well-known cell-cycle related 

functions, we demonstrate that CDC20 plays an essential role in osteogenic commitment of bone 

marrow mesenchymal stromal/stem cells (BMSCs). Cdc20 conditional knockout mice exhibit 

decreased bone formation and impaired bone regeneration after injury. Mechanistically, we 

discovered a functional interaction between the WD40 domain of CDC20 and the DNA-binding 

domain of p65. Moreover, CDC20 promotes the ubiquitination and degradation of p65 in an 

APC11-dependent manner. More importantly, knockdown of p65 rescues the bone loss in Cdc20 

conditional knockout mice. Our current work reveals a cell-cycle independent function of CDC20, 

establish APC11CDC20 as a pivotal regulator for bone formation by governing the ubiquitination 

and degradation of p65, and may pave the way for treatment of bone-related diseases. 

Response: Thanks. We confirmed the minor changes and revised them in the manuscript.  



 

• Our production/data editors have asked you to clarify several points in the figure legends (see 

attached document). Please incorporate these changes in the attached word document and return it 

with track changes activated. 

Response: Thanks. We have changed the points in the figure legends in page 52, line 1075 as 

follows.  

“(K) The co-localization of CDC20 and p65 in hBMSCs. Scale bar: 20 μm.” 

 

Referee #1: 

 

Yangge Du and collaborators have addressed thoroughly the concerns raised and suggestions 

made to improve the first version of their manuscript. This revised manuscript convincingly 

demonstrate that CDC20 is essential for bone formation and works at least in part through the 

control of proteasomal degradation of P65. This finding is both novel and important, and could 

have additional interesting implications in other tissues. 

 

All concerns have been adequately addressed with the exception perhaps of the lack of 

characterization of the Sp7-iCre mouse line used to target osteoprogenitor cells in this study. The 

authors provided a link to the website of Biocytogen, the company that generated this line, but the 

website does not provide any characterization of the line nor any published article reporting such 

characterization. Du and colleagues also cited two publications in which authors have used the 



same Sp7-iCre line (from Biocytogen). Although these studies present abnormal bone phenotypes 

(like in the current study of Du and colleagues), they do not demonstrate that the Sp7-iCre 

transgene targets specifically osteoprogenitors and does not have off-sites effects. It would be 

reassuring if the authors could provide data obtained by mating Sp7-iCre mice (generated by 

Biocytogene) with a Rosa26-LacZ or tdTomato reporter mouse lines to demonstrate that Sp7-iCre 

specifically targets osteoprogenitor cells in mice. 

 

With the exception of this specific point, the work of Du and collaborators appears extremely well 

done, and the data robust. 

Response: Thanks for your suggestions. For the development of the Sp7-iCre line from 

Biocytogen, an F2A-iCre sequence cassette was placed between the coding sequence of exon 2 

and 3’UTR of the Sp7 gene in C57BL/6 ES cells according to the link of website we provided. In 

this strain, Cre recombinase expression is under the control of Sp7 promoter. When crossed with a 

strain containing a loxP site-flanked sequence of interest, Cre-mediated recombination results in 

deletion of the flanked sequence in Sp7 expressing cells. 

In Supplemental Figure 5 of the article entitled “Increased PLEKHO1 within osteoblasts 

suppresses Smad-dependent BMP signaling to inhibit bone formation during aging” published on 

the Aging Cell Journal, the ROSA26-PCAG-STOP
flox

-Smad1-mCherry knock-in mice were 

intercrossed with the Sp7-iCre line from Biocytogen to generate Osx/Smad1 mice in which Smad1 

was specifically overexpressed in osteoblasts. The representative fluorescence micrographs 

showing the co-localization of Smad1 (mCherry, red) + and ALP+ (green) cells at tibiae 



cyosections from Osx/Smad1 mice, suggesting that the knock-in exogenous Smad1 gene was 

specifically expressed in osteoblasts. The Smad1 mRNA levels in bone versus non-bone tissues 

from Osx/Smad1 and Osx-Cre mice and mCherry+ cells (OBs) versus mCherry- cells (Non-OBs) 

from Osx/Smad1 mice were provided, indicating the specific target of bone tissue to eliminate the 

off-sites effects.  

The links of the article and Supplemental Figure were as follows. DOI: 10.1111/acel.12566. 

https://pubmed.ncbi.nlm.nih.gov/28083909/ 

https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Facel.12566&file=ac

el12566-sup-0001-SupInfo.pdf 

In the EMBO J article “Ubiquitin-specific protease USP34 controls osteogenic differentiation and 

bone formation by regulating BMP2 signaling”, the Sp7-Cre;Usp34
f/f 

mice were generated from 

Biocytogen. In this article, the Sp7-Cre recombines efficiently in pre-osteoblasts and 

Sp7-Cre;Usp34
f/f

 mice exhibited normal mendelian inheritance and growth features. The results 

showed that the specific deletion of Usp34 from pre-osteoblasts resulted in low bone mass and 

decreased osteoblast function in mice. The DOI of this article is 10.15252/embj.201899398. 

 

Minor point: the age of the mice and type of bones used to generate bone sections presented in 

supplemental figures are not always mentioned.  

Response: Thanks. We have added the age of mice and type of bones of bone sections in 

supplemental figures.  

https://pubmed.ncbi.nlm.nih.gov/28083909/
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Facel.12566&file=acel12566-sup-0001-SupInfo.pdf
https://onlinelibrary.wiley.com/action/downloadSupplement?doi=10.1111%2Facel.12566&file=acel12566-sup-0001-SupInfo.pdf


 

Referee #2: 

 

The authors have adequately addressed all my previous comments and further improved their 

manuscript. 

 

Referee #3: 

 

In the revised manuscript, the authors significantly strengthened their data in osteogenesis assays 

and Cdc20-dependent regulation of p65 stability. I would recommend it for publication. 
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Editor
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to publish your manuscript  as quickly as possible.
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All further communicat ions concerning your paper should quote reference number EMBOR-2021-
52576V3 and be addressed to emboreports@wiley.com. 

Should you be planning a Press Release on your art icle, please get in contact  with
emboreports@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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and husbandry conditions and the source of animals.

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

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), e1000412, 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.

11. Identify the committee(s) approving the study protocol.
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Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.
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repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
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D- Animal Models

We have described the details of this information in our manuscript (Page 23-25)

All animal experiments were performed in accordance with protocols approved by the Ethics 
Committee of Peking University Health Science Center.

All experiments were performed in accordance with relevant guidelines and regulations.

E- Human Subjects

Yes,it is.

C- Reagents

The antibodies used in our study were shown in Table 1 in manuscript.

The source of cell lines were stated in the materials and methods section (Page 22-23).None of the 
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