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1st Apr 20211st Editorial Decision

Dear Christof, 

Thank you for submit t ing your manuscript  for considerat ion by The EMBO Journal. We have now
received three referee reports on your manuscript , which are included below for your informat ion. 

As you will see from the comments, all reviewers find the topic of interest , while also indicat ing a
number of concerns that would have to be addressed and clarified before they can support
publicat ion of the manuscript . In part icular, reviewer #1 indicates that the evidence for the specific
funct ion of WNT/STOP signalling has to be strengthened (point  2), and this issue is echoed in the
comments by the other two reviewers. Furthermore, the reviewers also raise concerns regarding the
presented rescue experiments with Sox4/11 overexpression. In addit ion, all reviewers indicate
various concerns regarding the experimental approach, data analysis and presentat ion that would
need to be addressed. 

Based on the interest  expressed by the reviewers, I would like to invite you to address the concerns
raised by both reviewers in a revised manuscript . While addressing point  1 by reviewer 1 certainly
would significant ly strengthen the manuscript , it  will not  be required for considerat ion of the revised
version. 

I should add that it  is The EMBO Journal policy to allow only a single major round of revision and
that it  is therefore important to resolve the main concerns at  this stage. We are aware that many
laboratories cannot funct ion at  full efficiency during the current COVID-19/SARS-CoV-2 pandemic,
and I would be happy to discuss the revision in more detail via email or phone/videoconferencing. 

We have extended our 'scooping protect ion policy' beyond the usual 3 month revision t imeline to
cover the period required for a full revision to address the essent ial experimental issues. This means
that compet ing manuscripts published during revision period will not  negat ively impact on our
assessment of the conceptual advance presented by your study. Please contact  me if you see a
paper with related content published elsewhere to discuss the appropriate course of act ion. 

When preparing your let ter of response to the referees' comments, please bear in mind that this will
form part  of the Review Process File and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit  our website:
ht tps://www.embopress.org/page/journal/14602075/authorguide#transparentprocess. Please also
see the at tached instruct ions for further guidelines on preparat ion of the revised manuscript . 

Please feel free to contact  me if you have any further quest ions regarding the revision. Thank you
for the opportunity to consider your work for publicat ion. I look forward to receiving the revised
manuscript . 

Best regards, 

Ieva 

--- 
Ieva Gailite, PhD 
Scient ific Editor 
The EMBO Journal 



Meyerhofstrasse 1 
D-69117 Heidelberg
Tel: +4962218891309
i.gailite@embojournal.org

When submit t ing your revised manuscript , please carefully review the instruct ions below and
include the following items: 

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

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

4) a complete author checklist , which you can download from our author guidelines (ht tps://wol-
prod-cdn.literatumonline.com/pb-assets/embo-site/Author Checklist%20-%20EMBO%20J-
1561436015657.xlsx). 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 .

6) Before submit t ing your revision, primary datasets produced in this study need to be deposited in
an appropriate public database (see
https://www.embopress.org/page/journal/14602075/authorguide#datadeposit ion). Please remember
to provide a reviewer password if the datasets are not yet  public. Please note that the Data
Availability Sect ion is restricted to new primary data that are part  of this study. If no data deposit ion
in external databases is needed for this paper, please then state in this sect ion: This study includes
no data deposited in external repositories.
*** Note - All links should resolve to a page where the data can be accessed. ***

7) 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  .

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



9) We replaced Supplementary Informat ion with Expanded View (EV) Figures and Tables that are
collapsible/expandable online (see examples in
ht tps://www.embopress.org/doi/10.15252/embj.201695874). A maximum of 5 EV Figures can be
typeset. EV Figures should be cited as 'Figure EV1, Figure EV2" etc. in the text  and their 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: .

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

10) When assembling figures, please refer to our figure preparat ion guideline in order to ensure 
proper formatt ing and readability in print as well as on screen:
ht tp://bit .ly/EMBOPressFigurePreparat ionGuideline

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

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

Please click on the link below to submit the revision online. The resubmission deadline is current ly 
set to 30th Jun 2021. Please contact us if you would need and extension. 

Link Not Available 

------------------------------------------------ 

Referee #1: 

Wnt-dependent signaling is generally accepted as a major regulator of embryonic neurogenesis and 
mammalian cortex development. A major unresolved issue is, however, through which signaling 
pathways / downstream effectors Wnts control dist inct steps in neurogenesis / cortex 
development. Mult iple and often contradictory funct ions have, for example, been ascribed to the 
Wnt/LRP6/GSK3beta/beta-catenin signaling cascade (canonical Wnt-signaling). Such 
contradict ions may stem from the fact that Wnt-signaling through LRP6 can also act ivate beta-
catenin-independent signaling pathways. In this manuscript , Da Silva and colleagues analyse cyclin 
Y and cyclin Y-like 1 (Ccny/l1) double mutant mice. These two proteins have previously been found 
to be regulators of the beta-catenin independent Wnt/LRP6/GSK3beta WNT/STOP signaling 
pathway. The authors focus in their analyses on cort ical neurogenesis. Given the early embryonic



lethality of the double KO mutants start ing at  embryonic day 14.5 (E14.5), the authors analyze the
cort ical neurogenesis phenotype at  E13.5. their main findings are: 
1. Substant ial neurogenesis defects (thinner neocort ical wall thickness with increased ventricular
zone (VZ) size and decreased subventricular VZ and intermediate zone (IZ) + cort ical plate (CP).
Correspondingly, the authors describe a slight  increase in apical progenitors (APs), and a
substant ial decrease in basal progenitors (BPs) and neurons.
2. Immunohistochemistry suggests expression of Ccny/l1 at  the apical cell cortex in the VZ and in a
subset of BPs. The authors also provide evidence that phosphorylated LRP6 is present in BPs.
Moreover the authors provide biochemical evidence that levels of pLRP6 are lower in Ccny/l1 double
knockouts (dKO).
3. The authors provide evidence that durat ion of mitosis of BPs but not of APs is prolonged in
dKOs. Moreover, they provide evidence that the mode of division of APs is altered in dKO.
Knockdown of Ccny/l1 via in utero electroporat ion was consistent with the dKO data and showed
reduct ion in BPs and neurons at  E17.5.
4. dKO derived cort ical neural precursors show decreased neuronal different iat ion
5. Evidence that the t ranscript ion factors Sox4 and 11 are phosphorylated by GSK3beta, that
Sox4&11 levels are decreased in the E13.5 dKO cortex and that Sox4 and 11 can be ubiquit inated.
6. Overexpression of Sox4&11 augments expression of the neuronal marker Tuj1 in dKO derived
cort ical neural precursors.
The manuscript  addresses in principle a very interest ing and central quest ion in
neurodevelopmental biology, i.e., how Wnt-signaling coordinates the complex process of
neurogenesis and controls mult iple steps in neurogenesis.

The main concern with the manuscript  is that  the conclusions that finally lead up to the model on
Wnt-funct ion (summarized in Figure 6D) are premature. 

1. The authors observe a complex phenotype in dKO mutants that affects the neurogenesis from
APs to neurons. There are two major concerns: first ly, because the knockout is not condit ional the
observed phenotypes may in principle stem from "non-cell autonomous" funct ions of Ccny/l1. The
shRNA approaches do to a certain extent suggest a "cell autonomous" origin, but here the authors
did not examine the impact on APs. Secondly, the non-specific knockout of Ccny/l1 does not allow
to determine e.g. whether the phenotypes in BPs and in neurons are the consequence of Ccny/l1
effects in the preceding developmental stage / whether the phenotype in APs is the consequence
of feedback mechanisms from BPs or neurons. In the best case scenario the authors would target
the knockout specifically to APs/ BPs/neurons and compare the phenotypes. In principle, the tools
are available as the ko mouse lines have the potent ial for condit ional knockout. I do recognize that
this represents a substant ial amount of work that is likely to go beyond a simple revision. However,
the phenotype seems too mult ifaceted / complex to be sat isfactorily tackled by a non-condit ional
approach. The reduct ionist  approach using cort ical neural progenitors suggests that the neuronal
different iat ion deficit  is cell autonomous but fails to provide informat ion on the effects in BPs and
APs.
2. The authors convincingly show that a double knockout of Ccny/l1 affects cort ical neurogenesis.
The (conceptually highly important) conclusion that a) WNT/STOP signaling controls the described
aspects of cort icogenesis and that b) WNT/beta-catenin signaling controls symmetric division /
proliferat ion of APs is premature. The authors do not provide convincing in vivo evidence that a)
increased GSK3beta act ivity and/or decreased LRP6 act ivity are causally linked to the
neurogenesis phenotype. The stainings for LRP6 are suggest ive but at  present correlat ive. To
establish a causal link of the Ccny/l1 phenotype with the LRP6 / GSK3beta axis in vivo, the authors
should consider to conduct rescue experiments that specifically target LRP6 / GSK3beta act ivity.
The authors provide evidence that the Ccny/l1 knockout does not affect  Axin2 levels, which is a



good indicator for sustained WNT-betacatenin signaling acivity. This finding, however, does not
exclude that WNT-beta catenin signaling serves funct ions beyond the regulat ion of AP
proliferat ion. To substant iate the claim of "division of labor" between dist inct  WNT pathways (which
undoubtedly would be very excit ing) the authors will have to e.g. study the effects of addit ional
Wnt/beta-catenin signaling loss of funct ion. 
3. In Figure 1H and S1G the authors use immunofluorescence to ident ify Ccny/l1 expressing cells.
Such analysis is important to understand the knockout phenotype. Assigning the signal to a
specific cell type, however, is not convincing. The staining for Ccny/l1 is patchy; but even more
problemat ic is the fact  that  the out line of cells cannot be traced. One potent ial solut ion would be to
use fluorescent reporter electroporated brains and to use the expression of the reporter combined
with a cell type specific marker to study the expression of Ccny/l1 in a specific cell type.
4. The authors make qualitat ive statements regarding the expression of Ccny/l1 and pLRP6. For
understanding of the phenotype it  would be important to provide a quant ificat ion of what the
fract ion of APs / BPs / neurons / pHH3+ cells is that  express Ccny/l1 and pLRP6.
5. The authors suggest Sox4 and Sox11 as targets of GSK3beta phosphorylat ion-dependent
destabilizat ion, ubiquit inat ion and degradat ion. The decrease in Sox4 and Sox11 protein levels in
the embryonic cortex is suggest ive of decreased stability but this reduct ion is also easily explained
by the fact  that  BP and neuron numbers are reduced. The authors overexpress Sox4 and Sox11 to
test  their ability to rescue the Ccny/l1 dKO phenotype. Overexpression results in higher fract ion of
Tuj1 expressing cells but whether this const itutes a rescue of the neuronal different iat ion
phenotype remains quest ionable. The authors score all Tuj1+ cells as neurons even if these cells
do not feature the typical bipolar neuronal morphology. This is ment ioned in the manuscript , but  as
Tuj1 is a direct  target of SoxC proteins (Bergsland et  al 2006), induct ion of Tuj1 expression by itself
is not sufficient  to claim a rescue of the Ccny/l1 dKO phenotype and to causally link Ccny/l1 and
SoxC funct ion. Moreover, the execut ion and quant ificat ion of the experiment are unclear. The
authors describe that they use Flag-Sox4/11 in a pLENTI-CAG-IRES-GFP vector. How do the
authors express Sox4 and Sox11 simultaneously? Is this construct  t ricistronic? Neuronal numbers
should be normalized to the number of t ransduced cells based on GFP expression. The lack of
increased neuronal different iat ion in the control group following Sox11 / Sox4 overexpression is
surprising as Sox11 / Sox4 overexpression has been reported to potent ly induce neuronal
different iat ion. Finally, the baseline different iat ion of NPCs with 20% Tuj1 posit ive cells in WT NPCs
is rather low compared to other reports.
6. SoxC factor ubiquit inat ion (Chiang et  al 2021), phosphorylat ion (Balta et  al. 2018 a,b) and
sumoylat ion (Chang et  al. 2017) have been described in the context  of neurodevelopment. The
authors may want to consider to include these papers in their discussion as these papers provide
further evidence that the funct ion of this t ranscript ion factor family is controlled by post-
t ranslat ional modificat ions.
7. The observat ions regarding altered kinet ics of mitosis in BPs and altered mode of division in APs
are very interest ing but remain underexplored in terms of mechanism. As the neuronal
different iat ion deficit  is potent ially only the culminat ion / consequence of altered AP and BP
behavior, it  would be important to mechanist ically understand the role of Ccny/l1 in these cell types.

Referee #2: 

Mammalian cort icogenesis is a complex process where various molecules play intricate roles. Wnt
signaling pathways are previously considered as one of the key regulators in neurogenesis,
although there are both sides of evidence that Wnt signaling maintains proliferat ion or promotes



different iat ion. In this study, the authors focused on a novel non-canonical Wnt pathway involved in
the stabilizat ion of protein (here they term the WNT/STOP pathway) by analyzing Cyclin Y (Ccny)
and Cyclin Y-like 1 (Ccnyl1) double knockout (DKO) mice. Through detailed in vivo and invit ro
analyses, the authors ident ified Sox4 and Sox11 as direct  targets of Gsk3 and concluded that
Wnt/STOP signaling drives neuronal different iat ion whereas that Wnt/b-catenin signaling regulates
self-renewal of neural progenitor cells. 

Overall, the analyses seemed to be carefully performed with mult iple approaches, and the data are
logically presented. The topic will at t ract  the eyes of researchers in developmental neurobiology.
However, this reviewer considers the following issues should be considered before publicat ion: 

Major points: 
1) Quant itat ive data should be given for Fig. 1A, 1J, 3I, 4G, 4H, 4I, 4J, 5E, 5F, 5G, 5J, S1I, S3B, S5A,
S5E, and S5G. Relatedly, the number of samples and areas of the neocort ical areas should be
indicated. More detailed descript ions of the methodology for quant itat ive analyses are needed. For
example, which of the cort ical areas are chosen and how many of the cells are counted for Figs. 1B,
D-F?
2) In Fig. 1B, DKO shows a wider space between CP and the meninges. Is it  a phenotype?
3) In Fig. 1C, only the rat ional values are shown. It  would be better to describe specific values
regarding the difference between Co and DKO for Fig 1C and the text  (page7, lines 15 to 19) as for
Fig 2H. How many percentages are decreased/increased in DKO?
4) Regarding the expression levels of pLRP6 and Axin2, what kind of cells are measured? Are they
APs or BPs?
5) It  is not clear to this reviewer that "WNT/LRP6 signaling peaks during mitosis in APs and BPs."
(p9, line 20-21). What is the evidence for this statement?
6) It  would be better to perform qPCR using RNA extracted from E13.5 embryonic "dorsal"
telencephalon to eliminate the effects from "ventral" telencephalon for obtaining data of Figs. 1L,
S5F, and S5L. In addit ion, if the authors show the data for N-myc, Sox4 and Sox11 expression, they
should state the results in the text .
7) Is it  a phenotype that DKO has no Tbr2+ cells in the ventricular zone in Fig. 2D?
8) According to a previous art icle (i.e., Martynoga et  al., Dev Biol, 2005), Ts was calculated by the
following formula:
Ts=Ti (Lcells/Scells)
Ti is 1.5h
Lcells= IdU+/BrdU-, Scells=IdU+/BrdU+
For example, if the authors calculate APs in Co with reference to the above equat ion, it  will result  in
4.1, which seems to be different from the value in the graph in Fig. 2I. What is the reason for this
discrepancy? If they use a different formula, please indicate by cit ing a reference. It  would also be
necessary to describe the formula for calculat ing the length of S-phase, total cell cycle, and mitosis
so that we can understand in appendix method page 14 line 28-40.
9) Regarding data of Fig. 3I, why NPCs from E13.5 Ccny-/-; Ccnyl1-/- forebrains were used instead of
from Ccny+/-; Ccnyl1-/- (page 14, lines 11)? What kind of control was used here? It  would also be
better to explain the length of Tuj1+ dendrites and axons in Fig. 3I (page 14, lines 16). It  would be
suitable if they are based on the quant itat ive analysis.
10) Regarding data for Sox4, what is the evidence for "In DKO embryos, we could not detect  an
obvious decrease in Sox4 staining intensity in Tbr2+ cells" (p.17, line 25-p18, line 1)? It  would be
better to measure Sox4 in APs.
11) It  would be better to examine the rat io of mature neurons (asterisks) and immature neurons
(arrowheads) in 4 groups (Co, Co+Sox4/11, DKO, DKO+Sox4/11) in Fig. 6B.
12) What is the evidence to state "The reason why Lrp6 mutants do not also manifest  the



proliferat ion defects of β-catenin mutants is unclear but may be due to compensat ion from LRP5." 

Minor points: 
1) It  would be better to show the figure numbers separatory in figures and graphs of the following
figures such as Fig 1D-F, I-K (figures and graphs), S1E (Ccny and Ccnyl1), S3A (βIII-tublin,
Doublecort in, and Sox2), S3C (Ccny and pLLRP6 (S1490)), S3D (Sox4, Sox4; Tbr2 and Sox4; Tbr2;
pHH3), and S3M (CCNY and pLRP6).
2) Scale bars are needed for Fig S1F-G, 4B-C.
3) The angles of the images should be similar between Co and DKO for Figs. 1D, 1E, 2A, and 2D.
4) The number of embryos should be indicated in Fig. 3D.
5) For the terminology, it  would be better to use "forebrain" rather than "whole brain" (regarding Fig.
5J and its related text).
6) It  is better to state that Ccny+/-; Ccny11+/- was used as a control in the main text  (page 26, line
11-12).
7) It  is useful for the reader if the authors provide product informat ion for the 70 μm cell strainer;
TRIzol; and MG132 (page 28, line 6; text , page30, line6; and text , page 31, line 13).
8) There are many typos that should be edited in the revised text .

Referee #3: 

Several studies have implicated the Wnt signaling pathway in mouse cort ical neurogenesis but the
results are heterogeneous and difficult  to reconcile. In this manuscript , Da Silva and colleagues
attempt to do so by calling into play the WNT-stabilizat ion of proteins pathway (Wnt/STOP). This
pathway is β-catenin independent and involves the act ivity of cyclin Y and cyclin Y-like 1. The
authors generate a mouse line mutant for both Ccny and Ccnyl1 genes, which is embryonic lethal at
E13.5. Taking advantage of this line, in vivo knock-down experiments (to cover later stages
developmental stages), in vit ro studies with neural stem cells and different biochemical approaches,
the authors show that WNT/STOP controls basal progenitor generat ion and their asymmetrical
division, which gives rise to different iated cells. They further show that Sox4 and Sox11 are targets
of the pathway and that their act ivity is needed to promote neuron generat ion. The propose a
model in which WNT/β-catenin signaling would be the main driver of apical progenitor proliferat ion,
whereas the WNT/STOP pathway would be in charge of controlling the asymmetric proliferat ion of
basal progenitors and their different iat ion into neurons through Sox4 and Sox11 act ivity. 

This is an interest ing and well performed study which provides novel ideas on the control of
neurogenesis in the mammalian cortex. The conclusions are based on a large set of experimental
approaches that support  much of the authors conclusions. The manuscript  is also in general well
writ ten. Nevertheless, there are a few aspects that could be improved or better explained given
that the manuscript  is rather dense and non-experts may have difficult ies in following some of the
conclusions. 

1. Figure 2J and M. Can the authors explain in methods and results how they have extrapolated the
values of the length of the cell cycle and the durat ion of mitosis? This is current ly poorly explained
in the results and it  is not ment ioned in the methods.
2. Figure 3E, F. Addit ional high-power images of the electroporated cells will help to appreciate the
triple labelling, at  the moment impossible to see.
3. Figure 3I. Staining with Tuj1 cannot different iate axon and dendrites so, the descript ion of



process in culture should simply refer to neurites and neurit ic length. 
4. Figure 6B. Experiments here are confusing. Are all the cells t ransduced with Sox4/11? Double
staining for Sox4/11 and Tuj1 would help to understand the results. The Tuj1+ in the DKO cells
looks rather fibroblast-like. The use of addit ional neuronal markers would help to support  the idea
that Sox4/11 indeed rescue the phenotype even if part ially. This is not very convincing at  the
moment. This part ial rescue should be discussed further.
5. The model proposed in Fig 6D indicate that canonical WNT/β-catenin signaling promotes AP self-
renewal. It  is unclear exact ly how the authors have reached the conclusion.



1 

Item Panel Contents Reviewer 

Figure 1 NEW 
Panel Q 

qPCR analysis of Axin2 and N-myc expression 
levels in RNA extracted from dorsal telecephalon 
of control and DKO embryos. 

#2 

Figure 3 NEW 
Insets for 
panels E-
F 

Insets with magnified IF images from IUE shRNA 
knockdown of Ccny/l1 in E15.5 (E) and E17.5 (F) 
embryos. 

#3 

NEW 
Figure 6 

NEW 
Panels A, 
B, C, D, E, 
F 

A: Updated schematic for Sox4/11 rescue in DKO 
NPCs.  
B-C: Repetition of Sox4/11 rescue experiment
with normalization to transduced cells (IF and
quantification).
D: Schematic for CHIR rescue in DKO NPCs.
E-F: CHIR rescue of DKO NPC differentiation
defect (IF and quantification).

#1 & #3 

NEW 
Figure 7 

NEW 
schematic 

Schematic of main findings in study moved from 
Fig 6 to Fig 7. 

Editorial 
change 

Figure EV1 NEW 
Panels G 
and H 

Co-IF for Ccny/l1 plus GFP and Sox2 (APs) (G) or 
GFP and Tbr2 (BPs) (H) in E15.5 embryos 
electroporated with GFP plasmid at E13.5. 
Assigns Ccny/l1 immunoreactivity to APs and 
BPs.  

#1 

Figure EV5 NEW 
Panels E, 
G, M 

E: Quantification of Sox4 pixel intensity 
(determined by IF) in non-mitotic BPs of control 
and DKO neocortex.  
G, M: qPCR analysis of Sox4 (G) and Sox11 (M) 
expression levels in RNA extracted from dorsal 
telecephalon of control and DKO embryos. 

#2 

NEW 
Appendix Fig S1 

NEW 
Panels A, 
B, C, D, E, 
F 

A-D: Quantification of VZ (A), SVZ (B), IZ-CP (C),
and total layer thickness (D) in control and DKO
neocortex. Results shown are specific values from
Fig 1C.
E-F: Quantification of IdU+BrdU+/- APs and BPs.
Results shown are specific values from Fig 2H.

#2 

Appendix Figure S2 
(previous Appendix 
figure S6) 

NEW 
Panels E 
and F 

E: IF for GFP in control NPCs transduced with 
empty CAG-IRES-EGFP lentivirus.  
F: IF for FLAG in control NPCs transduced with 
Flag-Sox4/11 overexpressing lentiviruses. 

#1 

NEW 
Appendix Fig S3 

NEW 
Panels A, 
B and C 

A-B: IF for Map2 and GFP/FLAG (A) and
quantification of Map2+ cells for Sox4/11 rescue
experiments in DKO NPCs (B).
C: Quantification of mature and immature neurons
for Sox4/11 DKO NPC rescue experiments.
Related to Fig 6C.

#2 

Overview of Revision 

16th Jun 20211st Authors' Response to Reviewers
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Response to the Referees 

 

 

Referee#1:  

Wnt-dependent signaling is generally accepted as a major regulator of embryonic neurogenesis 

and mammalian cortex development. A major unresolved issue is, however, through which 

signaling pathways / downstream effectors Wnts control distinct steps in neurogenesis / cortex 

development. Multiple and often contradictory functions have, for example, been ascribed to the 

Wnt/LRP6/GSK3beta/beta-catenin signaling cascade (canonical Wnt-signaling). Such 

contradictions may stem from the fact that Wnt-signaling through LRP6 can also activate beta-

catenin-independent signaling pathways. In this manuscript, Da Silva and colleagues analyse 

cyclin Y and cyclin Y-like 1 (Ccny/l1) double mutant mice. These two proteins have previously 

been found to be regulators of the beta-catenin independent Wnt/LRP6/GSK3beta WNT/STOP 

signaling pathway. The authors focus in their analyses on cortical neurogenesis. Given the early 

embryonic lethality of the double KO mutants starting at embryonic day 14.5 (E14.5), the 

authors analyze the cortical neurogenesis phenotype at E13.5. their main findings are:  

 

1. Substantial neurogenesis defects (thinner neocortical wall thickness with increased 

ventricular zone (VZ) size and decreased subventricular VZ and intermediate zone (IZ) + 

cortical plate (CP). Correspondingly, the authors describe a slight increase in apical progenitors 

(APs), and a substantial decrease in basal progenitors (BPs) and neurons.  

 

2. Immunohistochemistry suggests expression of Ccny/l1 at the apical cell cortex in the VZ and 

in a subset of BPs. The authors also provide evidence that phosphorylated LRP6 is present in 

BPs. Moreover the authors provide biochemical evidence that levels of pLRP6 are lower in 

Ccny/l1 double knockouts (dKO).  

 

3. The authors provide evidence that duration of mitosis of BPs but not of APs is prolonged in 

dKOs. Moreover, they provide evidence that the mode of division of APs is altered in dKO. 

Knockdown of Ccny/l1 via in utero electroporation was consistent with the dKO data and 

showed reduction in BPs and neurons at E17.5.  

 

4. dKO derived cortical neural precursors show decreased neuronal differentiation  

 

5. Evidence that the transcription factors Sox4 and 11 are phosphorylated by GSK3beta, that 

Sox4&11 levels are decreased in the E13.5 dKO cortex and that Sox4 and 11 can be 

ubiquitinated.  

 

6. Overexpression of Sox4&11 augments expression of the neuronal marker Tuj1 in dKO 

derived cortical neural precursors.  

 

The manuscript addresses in principle a very interesting and central question in 
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neurodevelopmental biology, i.e., how Wnt-signaling coordinates the complex process of 

neurogenesis and controls multiple steps in neurogenesis.  

 

The main concern with the manuscript is that the conclusions that finally lead up to the model on 

Wnt-function (summarized in Figure 6D) are premature.  

  

We thank Reviewer 1 for the detailed summary and for stating that our manuscript addresses a 

very interesting and central question. We have included data from new experiments that 

address many of the Reviewer’s concerns, especially concerning the connection between the 

DKO neurogenesis phenotype and WNT signaling. 

 

  

1. The authors observe a complex phenotype in dKO mutants that affects the neurogenesis 

from APs to neurons. There are two major concerns: firstly, because the knockout is not 

conditional the observed phenotypes may in principle stem from "non-cell autonomous" 

functions of Ccny/l1. The shRNA approaches do to a certain extent suggest a "cell autonomous" 

origin, but here the authors did not examine the impact on APs. Secondly, the non-specific 

knockout of Ccny/l1 does not allow to determine e.g. whether the phenotypes in BPs and in 

neurons are the consequence of Ccny/l1 effects in the preceding developmental stage / whether 

the phenotype in APs is the consequence of feedback mechanisms from BPs or neurons. In the 

best case scenario the authors would target the knockout specifically to APs/ BPs/neurons and 

compare the phenotypes. In principle, the tools are available as the ko mouse lines have the 

potential for conditional knockout. I do recognize that this represents a substantial amount of 

work that is likely to go beyond a simple revision. However, the phenotype seems too 

multifaceted / complex to be satisfactorily tackled by a non-conditional approach. The 

reductionist approach using cortical neural progenitors suggests that the neuronal differentiation 

deficit is cell autonomous but fails to provide information on the effects in BPs and APs.  

We agree that a conditional deletion approach would be informative. However, characterization 

of such a conditional KO mouse is a project in itself and hence beyond the scope of this paper. 

Moreover, as indicated by the Reviewer, our acute shRNA knockdown approaches (IUE and 

cultured NPCs) address many of these issues.  

 

  

2. The authors convincingly show that a double knockout of Ccny/l1 affects cortical 

neurogenesis. The (conceptually highly important) conclusion that a) WNT/STOP signaling 

controls the described aspects of corticogenesis and that b) WNT/beta-catenin signaling 

controls symmetric division / proliferation of APs is premature. The authors do not provide 

convincing in vivo evidence that a) increased GSK3beta activity and/or decreased LRP6 activity 

are causally linked to the neurogenesis phenotype. The stainings for LRP6 are suggestive but at 

present correlative. To establish a causal link of the Ccny/l1 phenotype with the LRP6 / 

GSK3beta axis in vivo, the authors should consider to conduct rescue experiments that 

specifically target LRP6 / GSK3beta activity. The authors provide evidence that the Ccny/l1 

knockout does not affect Axin2 levels, which is a good indicator for sustained WNT-beta catenin 

signaling activity. This finding, however, does not exclude that WNT-beta catenin signaling 

serves functions beyond the regulation of AP proliferation. To substantiate the claim of "division 

of labor" between distinct WNT pathways (which undoubtedly would be very exciting) the 
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authors will have to e.g. study the effects of additional Wnt/beta-catenin signaling loss of 

function.  

 

 

 

  

To strengthen the link between Ccny/l1 and WNT signaling we have conducted the requested 

rescue experiments. We treated cultured DKO NPCs with the GSK3 inhibitor CHIR99021, which 

robustly rescued the DKO differentiation phenotype in a dose-dependent manner. This result 

(new Fig 6E-F) corroborates causality between Ccny/l1 and WNT signaling in cultured NPCs.  

 

In regards to in vivo rescue experiments, these would be technically challenging and time 

consuming. We would also like to reiterate that DKO embryos display reduced LRP6 

phosphorylation both by immunofluorescence (IF) (Fig 1L) and immunoblot (Fig 1N), and that 

LRP6 phosphorylation is a direct and faithful indicator of active WNT signaling (Davidson et al., 

2005; Davidson et al., 2009). Moreover, the lack of changes in Axin2 expression (Fig 1 O-Q) 

and dephosphorylated β-catenin (a.k.a. active β-catenin) (Fig EV1L) in the DKO neocortex rule 

out the possibility that the Ccny/l1 mutant neurogenesis defects are due to canonical WNT 

signaling. Hence, we do provide in vivo evidence that WNT signaling is reduced in the DKO 

neocortex at the receptor level, but not at the transcriptional level. This is consistent with 

previously reported in vivo roles of the WNT/STOP pathway in germ cell development (Koch et 

al., 2015, Huang et al., 2015). Finally, we note that our Ccny/l1 mutant phenotype is strikingly 

similar to that of Lrp6 knock out mice (Zhou et al, 2006).  

  
3. In Figure 1H and S1G the authors use immunofluorescence to identify Ccny/l1 expressing 
cells. Such analysis is important to understand the knockout phenotype. Assigning the signal to 
a specific cell type, however, is not convincing. The staining for Ccny/l1 is patchy; but even 
more problematic is the fact that the outline of cells cannot be traced. One potential solution 
would be to use fluorescent reporter electroporated brains and to use the expression of the 
reporter combined with a cell type specific marker to study the expression of Ccny/l1 in a 
specific cell type.  
 
  

We thank Reviewer 1 for this insightful suggestion. We have performed IF using antibodies 

against Ccny/l1 plus Sox2 (radial glia marker) and GFP (to detect APs), or Tbr2 and GFP (to 

detect BPs) on E15.5 control embryos electroporated with GFP plasmid at E13.5. This revealed 

clear and high Ccny/l1 immunoreactivity at the apical membrane in Sox2+ APs, while in Tbr2+ 

BPs, Ccny/l1 appeared as single puncta. These data, which are displayed in new Fig EV1G-H, 

effectively assign the Ccny/l1 signals to specific cell types (e.g. APs and BPs) as requested by 

Reviewer 1.  

 
4. The authors make qualitative statements regarding the expression of Ccny/l1 and pLRP6. For 
understanding of the phenotype it would be important to provide a quantification of what the 
fraction of APs / BPs / neurons / pHH3+ cells is that express Ccny/l1 and pLRP6. 
 

To address this concern, we have performed IF for Ccny/l1 plus pHH3 and Tbr2 on E13.5 

neocortex sections and quantified the number of Ccny/l1+ BPs, Ccny/l1+ mitotic BPs 
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(Tbr2+pHH3+), and Ccny/l1+ mitotic APs (pHH3+ cells lining ventricle). We have also performed 

IF for pLRP6 (using both S1490 and T1479 antibodies) plus Tbr2 and pHH3, and quantified the 

number of pLRP6+ mitotic BPs (Tbr2+pHH3+) and APs (pHH3+ cells lining ventricle). The 

percentages of positive cells have been included in paragraph 5 of the results section. Details 

on the quantification methods used have been added to the Appendix material (pg. 8). We did 

not detect Ccny/l1 immunoreactivity in post-mitotic neurons. In regards to APs, Ccny/l1 is 

detected throughout the entire apical membrane in the neocortex, suggesting that most APs are 

positive for Ccny/l1. 

 

5. The authors suggest Sox4 and Sox11 as targets of GSK3beta phosphorylation-dependent 
destabilization, ubiquitination and degradation. The decrease in Sox4 and Sox11 protein levels 
in the embryonic cortex is suggestive of decreased stability but this reduction is also easily 
explained by the fact that BP and neuron numbers are reduced.  
 
Maybe a misunderstanding: First, the most striking decreases in Sox4/11 were observed in 
mitotic BPs by IF, and the quantification of Sox4/11 immunoreactivity was performed on 
individual cells (Fig 5B-C (Sox4) and Fig 5H-I (Sox11)). Hence, the overall decrease in BPs and 
neurons observed in the DKO neocortex would not influence this method of quantification. 
Second, in regards to the immunoblot analyses on forebrain lysates, levels of Sox11, which 
were decreased in DKO embryos, were normalized to Tuj1 and not GAPDH (Fig 5G), thereby 
taking into account the reduction in newly formed neurons observed in DKOs. Sox4 total protein 
levels were normalized to Tbr2 protein levels, although no significant differences were observed 
in forebrain lysates (Fig EV5F).    
 
The authors overexpress Sox4 and Sox11 to test their ability to rescue the Ccny/l1 dKO 

phenotype. Overexpression results in higher fraction of Tuj1 expressing cells but whether this 

constitutes a rescue of the neuronal differentiation phenotype remains questionable. The 

authors score all Tuj1+ cells as neurons even if these cells do not feature the typical bipolar 

neuronal morphology. This is mentioned in the manuscript, but as Tuj1 is a direct target of SoxC 

proteins (Bergsland et al 2006), induction of Tuj1 expression by itself is not sufficient to claim a 

rescue of the Ccny/l1 dKO phenotype and to causally link Ccny/l1 and SoxC function. Neuronal 

numbers should be normalized to the number of transduced cells based on GFP expression.  

 

The Reviewer is correct in pointing out that analyzing Tuj1 levels alone is not sufficient to claim 

a rescue as βIII-tubulin (Tuj1) is indeed a direct SoxC target (Bergsland et al, 2006). To address 

this issue we have repeated the experiments and quantified the number of neurons using two 

different markers: Tuj1 and Map2 (microtubule-associated protein 2). We have also normalized 

neuron number to the number of transduced cells (identified by IF for FLAG (Sox4/11) or GFP 

(empty vector)), as suggested by the Reviewer. Sox4/11 overexpression once again rescued 

the DKO neurogenesis phenotype as shown by IF for Tuj1 (Fig 6B-C), and results with Map2 

(Appendix Fig S3A-B) were nearly identical to Tuj1. Moreover, the transduction efficiencies of 

the Sox4/11-expressing lentiviruses were very high (typically over 90%) (Appendix Fig S2F), 

which explains the similar rescue efficiency observed when compared to previous experiments 

where neuronal numbers were not normalized to the number of transduced cells.  

Moreover, the execution and quantification of the experiment are unclear. The authors describe 

that they use Flag-Sox4/11 in a pLENTI-CAG-IRES-GFP vector. How do the authors express 

Sox4 and Sox11 simultaneously? Is this construct tricistronic?  

 



6 
 

For the Sox4/11 rescue experiments two separate viruses, one overexpressing Flag-Sox4 and 

one overexpressing Flag-Sox11, were both transduced simultaneously. We apologize for not 

explaining this clearly. More experimental details have been added to the Results, Materials and 

Methods, Figure Legends, and Figure panels.  

The lack of increased neuronal differentiation in the control group following Sox11 / Sox4 

overexpression is surprising as Sox11 / Sox4 overexpression has been reported to potently 

induce neuronal differentiation.  

 

As to why Sox4/11 overexpression does not, as previously reported, increase neuronal 

differentiation in control cells is unclear, but may be related to differences in the experimental 

set up, length/efficiency of transduction etc. In support of our findings, we would like to state that 

the experiment was repeated four separate times, and all repetitions led to similar results.  

Finally, the baseline differentiation of NPCs with 20% Tuj1 positive cells in WT NPCs is rather 

low compared to other reports.  

A differentiation efficiency of around 20%, although lower than in some studies, has been 

reported elsewhere (see Hirabayashi et al, 2004). We would also like to point out that the 

control NPCs used were heterozygous for Ccny and either Ccnyl1-deficient (Fig 3I) or 

heterozygous (Fig 5B-C). This may explain the slightly lower than anticipated differentiation 

efficiency. 

6. SoxC factor ubiquitination (Chiang et al 2021), phosphorylation (Balta et al. 2018 a,b) and 
sumoylation (Chang et al. 2017) have been described in the context of neurodevelopment. The 
authors may want to consider to include these papers in their discussion as these papers 
provide further evidence that the function of this transcription factor family is controlled by post-
translational modifications.  
 
We would like to thank the Reviewer for pointing out these papers. We have now included a 

sentence in paragraph 5 of the Discussion that addresses the implications of Sox11 post-

transcriptional modifications in the context of neocortex development. 

 

7. The observations regarding altered kinetics of mitosis in BPs and altered mode of division in 
APs are very interesting but remain underexplored in terms of mechanism. As the neuronal 
differentiation deficit is potentially only the culmination / consequence of altered AP and BP 
behavior, it would be important to mechanistically understand the role of Ccny/l1 in these cell 
types.  
 
Regarding the altered mode of AP division, we respectfully disagree with the Reviewer's 

statement that this phenotype is "underexplored in terms of mechanism". We show in Figure 3A-

D and describe in the text that the increase in symmetric AP divisions in DKO embryos is 

associated with an increase specifically in apical-basal, but not central, astral microtubules. 

Apical-basal astral microtubules were previously shown by one of us (W.B.H.) to exert a key 

role in governing symmetric vs. asymmetric AP divisions. High levels of apical-basal astral 

microtubules ensure symmetric, self-renewing AP divisions by enforcing a perfectly vertical 

cleavage plane, whereas reducing the level of apical-basal astral microtubules allows greater 

variability in cleavage plane orientation and leads to asymmetric, BP-genic/neurogenic AP 

divisions (Mora-Bermúdez et al, 2014). Hence, our data showing the increase specifically in 

apical-basal, but not central, astral microtubules in DKO embryos (Figure 3C-D) not only provide 
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a mechanistic explanation for the increase in symmetric AP divisions in DKO embryos (Figure 

3A-B), but also for the decrease in the level of BPs (Figure 1E) and in neuron numbers (Figure 

1F) in these embryos, as is discussed in the text.  

 

In terms of the altered kinetics observed in DKO BPs, the Reviewer is correct in pointing out that 

we do not provide a mechanistic explanation. However, such an analysis would involve 

identifying and validating new WNT/GSK3 targets. Identifying and functionally characterizing 

such a protein would constitute a study in itself and is beyond the scope of this paper.   

 

Referee #2:  

Mammalian corticogenesis is a complex process where various molecules play intricate roles. 
Wnt signaling pathways are previously considered as one of the key regulators in neurogenesis, 
although there are both sides of evidence that Wnt signaling maintains proliferation or promotes 
differentiation. In this study, the authors focused on a novel non-canonical Wnt pathway 
involved in the stabilization of protein (here they term the WNT/STOP pathway) by analyzing 
Cyclin Y (Ccny) and Cyclin Y-like 1 (Ccnyl1) double knockout (DKO) mice. Through detailed in 
vivo and invitro analyses, the authors identified Sox4 and Sox11 as direct targets of Gsk3 and 
concluded that Wnt/STOP signaling drives neuronal differentiation whereas that Wnt/b-catenin 
signaling regulates self-renewal of neural progenitor cells.  
 
Overall, the analyses seemed to be carefully performed with multiple approaches, and the data 
are logically presented. The topic will attract the eyes of researchers in developmental 
neurobiology. However, this Reviewer considers the following issues should be considered 
before publication:  
 

Thank you! 

 

Major points:  

1) Quantitative data should be given for Fig 1A, 1J, 3I, 4G, 4H, 4I, 4J, 5E, 5F, 5G, 5J, S1I, S3B, 

S5A, S5E, and S5G. Relatedly, the number of samples and areas of the neocortical areas 

should be indicated. More detailed descriptions of the methodology for quantitative analyses are 

needed. For example, which of the cortical areas are chosen and how many of the cells are 

counted for Figs. 1B, D-F?  

 

Quantitative data for Fig 1A and 3I, was already provided in the image panels as numbers ± 

SEM, and the number of embryos/samples analyzed, as well as the experimental details, are 

provided in the Figure Legends and Methods. For the numbers in Fig 1A, we added asterisks to 

indicate statistical significance. For the remaining panels, which are all immunoblots, 

quantification was provided in the form of numbers above the blots with the details described as 

above. For the immunoblot quantification data, we have added ‘numbers above blot’ before the 

description of the quantitative data to further clarify. Bar graphs were not provided for these data 

due to space constraints.  

 

For Figs 1B-F, we have added information on the number of cells counted and the cortical areas 

chosen. This data is included in the Appendix Methods (pg. 8).  
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2) In Fig 1B, DKO shows a wider space between CP and the meninges. Is it a phenotype?  

 

The Reviewer is correct in pointing out that the space between the CP and meninges in Fig 1B 

is wider. However, this is not a phenotype since the wider meningeal space between DKOs and 

controls is not consistently observed (see below). Instead, it is more likely an artifact of the 

tissue processing/cutting, which can occasionally lead to the meninges peeling off from the CP, 

giving the impression that there is a wider space.  

 

 

 

 

 

 

 

 

 

  

3) In Fig 1C, only the rational values are shown. It would be better to describe specific values 

regarding the difference between Co and DKO for Fig 1C and the text (page 7, lines 15 to 19) 

as for Fig 2H. How many percentages are decreased/increased in DKO?  

 

We have added data with the specific values for Fig 1C in the form of bar graphs to Appendix 

Fig S1A-D. We kept the rational values in Fig 1C to indicate the relative thickness of each layer 

compared to the total thickness of the neocortex. Paragraph 2 of the results section has been 

updated to include the percentage changes of the rational values for VZ, SVZ, IZ-CP thickness, 

as requested. We have also added data on the specific values for Fig 2H to Appendix Fig S1 (E-

F). 

 
4) Regarding the expression levels of pLRP6 and Axin2, what kind of cells are measured? Are 

they APs or BPs?  

 

For the pLRP6 (T1479) IF analysis, both mitotic APs (division at the apical membrane / cell 

cortex) and mitotic BPs (SVZ division) were measured. The number of APs and BPs measured 

is now indicated on pg. 8 of the Appendix Methods. For the Axin2 RNAscope analysis, APs and 

BPs were not measured separately since we could not use cell-type specific markers. Instead, 

we measured the entire Axin2+ area per section. 

 

5) It is not clear to this Reviewer that "WNT/LRP6 signaling peaks during mitosis in APs and 

BPs." (p9, line 20-21). What is the evidence for this statement?  

The meningeal space is not consistently wider in the DKO neocortex.  

H & E staining in the E13.5 neocortex from 3 separate control and DKO embryos. 
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WNT/LRP6 signaling in this context is measured by LRP6 phosphorylation at the S1490 
(priming and active phosphorylation) and the T1479 (active phosphorylation) sites, both of which 
peak in pHH3+ APs (Fig 1Jc; EV1I - left panel) and BPs (Fig 1Kc; Ev1I - right panel), as shown 
by IF. 
 

6) It would be better to perform qPCR using RNA extracted from E13.5 embryonic "dorsal" 

telencephalon to eliminate the effects from "ventral" telencephalon for obtaining data of Figs. 1L, 

S5F, and S5L. In addition, if the authors show the data for N-myc, Sox4 and Sox11 expression, 

they should state the results in the text. 

  

We have repeated the qPCR experiments using RNA extracted only from the dorsal 

telencephalon and replaced the panels in Figs. 1L, S5F, and S5L with the new data. The results 

were similar to those obtained from the whole forebrain RNA extractions in that Axin2, N-myc, 

Sox4 and Sox11 expression are not significantly altered in DKO embryos. We have added p-

values for these results to the text as requested by the reviewer. 

 

7) Is it a phenotype that DKO has no Tbr2+ cells in the ventricular zone in Fig 2D? 

 

No. The image of the DKO embryo shown in Fig 2D is atypical in that regard. As shown below in 

two different DKO embryos, Tbr2+ cells in the VZ are reduced but not absent.  

 

 

 

 

 

 

 

 

 

8) According to a previous article (i.e., Martynoga et al., Dev Biol, 2005), Ts was calculated by 

the following formula:  

 

Ts=Ti (Lcells/Scells)  

Ti is 1.5h  

Lcells= IdU+/BrdU-, Scells=IdU+/BrdU+ 

 

For example, if the authors calculate APs in Co with reference to the above equation, it will 

result in 4.1, which seems to be different from the value in the graph in Fig 2I. What is the 

reason for this discrepancy? If they use a different formula, please indicate by citing a reference. 

DKO embryos display Tbr2
+ 

cells in the VZ. 

IF for Tbr2 in the neocortex of one control and two DKO embryos shows reduced 

but not absent Tbr2+ cells in the DKO VZ. 
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It would also be necessary to describe the formula for calculating the length of S-phase, total 

cell cycle, and mitosis so that we can understand in Appendix method page 14 line 28-40.  

We did not calculate S-phase length (TS) according to the formula cited by the Reviewer and 

published by Martynoga et al, in Dev. Biol. in 2005. Rather, we used our own reasoning and 

previous experience in cell cycle analyses (for example, Arai et al, 2011; Turrero García et al, 

2016) for this calculation, as is explained below and now described in greater detail in the 

Results and Appendix Methods (pg. 8-9) sections. Thus, the percentage of the total IdU-labeled 

progenitors that no longer incorporate BrdU 1.5 hours later (IdU+BrdU–; 27%, 22%, 29%, 19% in 

Fig 2H) obviously indicates the percentage of progenitors that have left S-phase 1.5 hours after 

the IdU labeling. If it takes 1.5 hours for 27%, 22%, 29% or 19% of the progenitors to leave S-

phase, then by dividing 1.5 hours by 27, 22, 29 or 19 and then multiplying the resulting numbers 

with 100 (to get the 100% values) will give the times until all IdU-labeled progenitors will have 

left S-phase, that is, the length of S-phase (5.6, 6.8, 5.2, 7.9 hours, Fig 2I). 

      IdU+BrdU– progenitors 

The formula used is: TS = 1.5 hours / ––––––––––––––––––– 

      IdU+ progenitors 

One of the differences between the Martynoga et al, 2005 formula and our formula is that in the 

denominator, we use the total number of IdU+ progenitors counted 2 hours after the start of IdU 

labeling (rather than only the IdU+BrdU+ progenitors then still present), which in our humble 

opinion is the correct way of calculation. 

 

Given these S-phase length values, total cell cycle length (TC) was calculated as follows. If 

30.7% and 38.8% of the APs (Fig 2C) and 23.5% and 21.2% of the BPs (Fig 2F) are in S-phase 

at steady state as determined by a BrdU pulse, then dividing the S-phase length values (Fig 2I) 

by these percentage values (30.7, 38.8, 23.5, 21.2) and then multiplying the resulting numbers 

with 100 (to get the 100% values) will give the total length of the cell cycle of the various 

progenitor populations (18.1, 17.6, 22.1, 37.3 hours; Fig 2J). 

      BrdU+ progenitors 

The formula used is: TC = TS / –––––––––––––––– 

      total progenitors 

It is worth noting that the total cell cycle length values for E13.5 wt APs (18.1 hours) and E13.5 

wt BPs (22.1) determined in the present study fit quite well to those determined previously at 

E14.5 by cumulative EdU labeling (Arai et al. 2011; 19.1 hours for APs, 26.5 hours for BPs; cell 

cycle length is known to increase at later developmental stages, i.e. E14.5 vs. E13.5). 

 

Finally, the total cell cycle length values were used to calculate the length of mitosis (TM), as 

follows. First, the percentages of progenitors in mitosis were determined by calculating the 

percentages of cycling (Ki67+) APs (Tbr2–) and BPs (Tbr2+) that were positive for the mitotic 

marker phospho-histone H3 (pHH3+; 5.06%, 6.18%, 3.26%, 4.12%; Fig 2K,L). Multiplying the 
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total cell cycle length values (Fig 2J) with the latter percentage values (Fig 2L) and dividing the 

resulting numbers by 100 yielded the length of mitosis (0.92, 1.09, 0.72, 1.54 hours; Fig 2M). 

         pHH3+Ki67+ progenitors 

The formula used is: TM = TC  x –––––––––––––––––––– 

         Ki67+ progenitors 

 

Please find a more detailed description of our calculations in the revised Results and Appendix 

Methods sections, including the formulas used (in Appendix Methods pg. 9). 

 

9) Regarding data of Fig 3I, why NPCs from E13.5 Ccny-/-; Ccnyl1-/- forebrains were used 

instead of from Ccny+/-; Ccnyl1-/- (page 14, lines 11)? What kind of control was used here? It 

would also be better to explain the length of Tuj1+ dendrites and axons in Fig 3I (page 14, lines 

16). It would be suitable if they are based on the quantitative analysis.  

 

For the analysis in Fig 3I we opted for an acute knockdown approach by lentiviral delivery of 

shRNA against Ccny in Ccny+/- Ccnyl1-/- cultured NPCs. The purpose of the acute knockdown 

was to rule out early onset or non-cell autonomous causes of the DKO differentiation 

phenotype. To clarify, we have changed the description above the left panel in Fig 3I from 

“Ccny/l1 deficient” to “Ccny+/-; l1-/-; shCcny”. The controls used were cultured NPCs from 

Ccny+/-; Ccnyl1-/- embryos transduced with a shControl-expressing lentivirus. This information 

has been added to Fig 3I and the corresponding Figure legend.  

 

We have also performed a quantitative analysis of neurite length for Fig 3I, as requested by the 

Reviewer. This revealed a highly significant reduction in mutant NPCs. This data is presented 

as numbers ± SEM in paragraph 15 of the results section. Experimental details of the 

quantification method used are included in pg. 10 of the Appendix Methods.  

10) Regarding data for Sox4, what is the evidence for "In DKO embryos, we could not detect an 

obvious decrease in Sox4 staining intensity in Tbr2+ cells" (p.17, line 25-p18, line 1)? It would 

be better to measure Sox4 in APs.  

We have now measured Sox4 staining intensity in non-mitotic BPs on sections of the neocortex 

and included these data in new Fig EV5E. No significant differences were detected between 

control and DKO embryos. In regards to measuring Sox4 expression in APs, this would be 

difficult since the protein levels of Sox4 in mitotic APs are very low and the IF signal for Sox4 is 

only slightly above background fluorescence levels.  

11) It would be better to examine the ratio of mature neurons (asterisks) and immature neurons 

(arrowheads) in 4 groups (Co, Co+Sox4/11, DKO, DKO+Sox4/11) in Fig 6B.  

We thank the Reviewer for this suggestion. The measurement of the ratio of mature to non-

mature neurons for the newly performed Sox4/11 rescue experiments (see response to 

Reviewer 1 point 5) is now included in new Appendix Fig S3C. As shown, only the number of 

immature neurons are rescued in DKO NPCs upon Sox4/11 overexpression.   
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12) What is the evidence to state "The reason why Lrp6 mutants do not also manifest the 

proliferation defects of β-catenin mutants is unclear but may be due to compensation from 

LRP5."  

Functional redundancy between Lrp5 and Lrp6 in transducing Wnt/β-catenin signaling in several 

biological processes is well documented (Kelly et al, 2004; Zhong et al, 2011, Goel et al, 2012; 

Liu et al, 2019). Hence, it can be assumed that Lrp6 mutants do not display the same 

proliferation phenotype in the neocortex as β-catenin mutants because Lrp5 compensates for 

the loss of Lrp6. Whether or not Lrp5 can also compensate for Lrp6 in WNT/STOP signaling, 

particularly in the context of neocortex development, is unclear, but based on our observations 

in the DKO neocortex, this does not seem to be the case since Lrp6 mutants display a 

remarkably similar phenotype in the neocortex to our DKOs (Zhou et al, 2006). However, since 

there is no direct evidence of this, we do not claim this to be true, we merely suggest it as a 

possibility. 

 

Minor points:  

1) It would be better to show the figure numbers separatory in figures and graphs of the 

following figures such as Fig 1D-F, I-K (figures and graphs), S1E (Ccny and Ccnyl1), S3A (βIII-

tublin, Doublecortin, and Sox2), S3C (Ccny and pLLRP6 (S1490)), S3D (Sox4, Sox4; Tbr2 and 

Sox4; Tbr2; pHH3), and S3M (CCNY and pLRP6).  

This has been corrected. 

 

2) Scale bars are needed for Fig S1F-G, 4B-C.  

These have been added. 

 

3) The angles of the images should be similar between Co and DKO for Figs. 1D, 1E, 2A, and 

2D.  

The angles of the images have been corrected as suggested by the Reviewer. 

 

4) The number of embryos should be indicated in Fig 3D.  

This information has been added. 

 

5) For the terminology, it would be better to use "forebrain" rather than "whole brain" (regarding 

Fig 5J and its related text).  

The term “whole brain” has been replaced by “forebrain” in the text as requested. 

 

6) It is better to state that Ccny+/-; Ccny11+/- was used as a control in the main text (page 26, 

line 11-12).  

This has been corrected. 

 

7) It is useful for the reader if the authors provide product information for the 70 μm cell strainer; 

TRIzol; and MG132 (page 28, line 6; text, page30, line6; and text, page 31, line 13).  

The product information for the 70 μm cell strainer and MG132 has been added. For the new 

dorsal telencephalon RNA extractions, we used an RNA isolation kit instead of TRIzol. Hence, 
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all references to TRIzol in the materials and methods section have been removed since no 

experiments in which TRIzol was used are included in the revised version of the manuscript.  

 

8) There are many typos that should be edited in the revised text.  

The typos have been corrected. 

 

Referee #3:  

Reviewer’s comment: 

 

Several studies have implicated the Wnt signaling pathway in mouse cortical neurogenesis but 

the results are heterogeneous and difficult to reconcile. In this manuscript, Da Silva and 

colleagues attempt to do so by calling into play the WNT-stabilization of proteins pathway 

(Wnt/STOP). This pathway is β-catenin independent and involves the activity of cyclin Y and 

cyclin Y-like 1. The authors generate a mouse line mutant for both Ccny and Ccnyl1 genes, 

which is embryonic lethal at E13.5. Taking advantage of this line, in vivo knock-down 

experiments (to cover later stages developmental stages), in vitro studies with neural stem cells 

and different biochemical approaches, the authors show that WNT/STOP controls basal 

progenitor generation and their asymmetrical division, which gives rise to differentiated cells. 

They further show that Sox4 and Sox11 are targets of the pathway and that their activity is 

needed to promote neuron generation. The propose a model in which WNT/β-catenin signaling 

would be the main driver of apical progenitor proliferation, whereas the WNT/STOP pathway 

would be in charge of controlling the asymmetric proliferation of basal progenitors and their 

differentiation into neurons through Sox4 and Sox11 activity.  

 

This is an interesting and well performed study which provides novel ideas on the control of 

neurogenesis in the mammalian cortex. The conclusions are based on a large set of 

experimental approaches that support much of the authors conclusions. The manuscript is also 

in general well written. Nevertheless, there are a few aspects that could be improved or better 

explained given that the manuscript is rather dense and non-experts may have difficulties in 

following some of the conclusions.  

 

Thank you! 

 

1. Figure 2J and M. Can the authors explain in methods and results how they have extrapolated 

the values of the length of the cell cycle and the duration of mitosis? This is currently poorly 

explained in the results and it is not mentioned in the methods.  

Given the S-phase length values (see Fig 2I), total cell cycle length (TC) was calculated as 

follows. If 30.7% and 38.8% of the APs (Fig 2C) and 23.5% and 21.2% of the BPs (Fig 2F) are 

in S-phase at steady state as determined by a BrdU pulse, then dividing the S-phase length 

values (Fig 2I) by these percentage values (30.7, 38.8, 23.5, 21.2) and then multiplying the 

resulting numbers with 100 (to get the 100% values) will give the total length of the cell cycle of 

the various progenitor populations (18.1, 17.6, 22.1, 37.3 hours; Fig 2J). 
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BrdU+ progenitors 

The formula used is: TC = TS / –––––––––––––––– 

      total progenitors 

 

The total cell cycle length values were used to calculate the duration of mitosis (TM), as follows. 

First, the percentages of progenitors in mitosis were determined by calculating the percentages 

of cycling (Ki67+) APs (Tbr2–) and BPs (Tbr2+) that were positive for the mitotic marker 

phosphohistone H3 (pHH3+; 5.06%, 6.18%, 3.26%, 4.12%; Fig 2K,L). Multiplying the total cell 

cycle length values (Fig 2J) with the latter percentage values (Fig 2L) yielded the length of 

mitosis (0.92, 1.09, 0.72, 1.54 hours; Fig 2M). 

            pHH3+Ki67+ progenitors 

The formula used is: TM =  ––––––––––––––––––––  x TC 

            Ki67+ progenitors 

 

We admit that the previous description of these calculations in Results and Methods was 

perhaps not sufficiently detailed. A more detailed description of our calculations is now provided 

in the revised Results and Appendix Methods sections, including the formulas used (in 

Appendix Methods pg. 9). 

 

2. Figure 3E, F. Additional high-power images of the electroporated cells will help to appreciate 

the triple labelling, at the moment impossible to see.  

These have been added. We thank the Reviewer for this excellent suggestion.  

 

3. Figure 3I. Staining with Tuj1 cannot differentiate axon and dendrites so, the description of 

process in culture should simply refer to neurites and neuritic length.  

We fully agree and the terms “axons” and “dendrites” have been replaced by “neurites”. 

 

4. Figure 6B. Experiments here are confusing. Are all the cells transduced with Sox4/11? 

Double staining for Sox4/11 and Tuj1 would help to understand the results. The Tuj1+ in the 

DKO cells looks rather fibroblast-like. The use of additional neuronal markers would help to 

support the idea that Sox4/11 indeed rescue the phenotype even if partially. This is not very 

convincing at the moment. This partial rescue should be discussed further.  

For the Sox4/11 rescue experiments two separate viruses, one overexpressing Flag-Sox4 and 

one overexpressing Flag-Sox11, were both transduced simultaneously. We apologize for not 

explaining this clearly. This has been corrected. We have also repeated the experiments with an 

additional marker, Map2, this time normalizing to the number of transduced cells (FLAG IF for 

Sox4/11 overexpression and GFP IF for empty vector). The number of neurons was once again 

rescued by Sox4/11 overexpression both with Tuj1 (new Fig 6B-C) and Map2 (Appendix Fig 



15 
 

S3A-B) quantification. As with previous experiments, only the number of immature neurons was 

rescued (Tuj1 and Map2), once again suggesting Sox4/11 can only rescue the initial stages of 

the neurogenesis defect in cultured DKO NPCs.  

 

5. The model proposed in Fig 6D indicate that canonical WNT/β-catenin signaling promotes AP 

self-renewal. It is unclear exactly how the authors have reached the conclusion. 

The conclusion that WNT/β-catenin signaling promotes AP self-renewal is not based on 

experimental evidence from this manuscript, but from a plethora of previous publications all 

demonstrating the same phenomenon: WNT/β-catenin signaling, as determined by β-catenin 

loss or gain of function, promotes AP self-renewal in the developing neocortex (Machon et al, 

2003; Mutch et al, 2010; Woodhead et al, 2006; Chenn & Walsh, 2002; Machon et al, 2007; 

Wrobel et al, 2007; Kim et al, 2009; Draganova et al, 2015). These papers are cited in the 

introduction (paragraph 2) and re-analyzed in the context of this manuscript in paragraphs 2 and 

4 of the discussion.  
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28th Jul 20211st Revision - Editorial Decision

Dear Dr Niehrs, 

Thank you for the submission of your revised manuscript  to The EMBO Journal and please accept
my apologies for the delay in responding. As you will see below, your art icle was seen by the original
referees, who now consider that  you have properly dealt  with most of their main concerns originally
raised in the review process. There are however a few points, mainly referring to the presentat ion of
data in the paper that will need to be addressed before it  can be accepted for publicat ion 

In addit ion, please address the following editorial points: 

- The format of the references is correct , but  numbers need to be removed.
- The text  in the Appendix must be black.
- Please provide a valid e-mail address for Edoardo Fatt i. The one provided seems to be incorrect .
- Please find addit ional comments made by the quality check team at Wiley in the Word document
at tached (see comments in the figure legend sect ion).

Please let me know if you have any further quest ions regarding any of these points. Thank you 
again for giving us the chance to consider your manuscript for The EMBO Journal. I look forward to 
receiving the final version. 

Yours sincerely, 

David del Alamo 
Editor 
The EMBO Journal 

----------------------------------------------------------------------- 

Further informat ion is available in our Guide For Authors:
ht tps://www.embopress.org/page/journal/14602075/authorguide 

Please click on the link below to submit the revision online: 

Link Not Available 

------------------------------------------------ 

Referee #1: 

The authors have addressed all my concerns and comments with one except ion: the authors now 
convincingly show that the WNT/STOP pathway contributes to the regulat ion of the mode of 
division of apical progenitors as well as to the regulat ion of neuronal fate determinat ion of basal 
progenitors. While these findings uncover a new level of complexity on the role of Wnt-signaling in 
cortex development, they do not resolve the longstanding quest ion of the precise funct ion of WNT-
beta catenin signaling in cortex development. What the authors observe is that inhibit ion of
WNT/STOP signaling via knock-out of Ccny/l1 results in defects in AP and BP funct ion in the 
absence of alterat ions of stabilized b-catenin levels and axin2 levels. The lat ter findings indicate



that  the knock-out of Ccny/l1 does not affect  WNT-beta catenin signaling but does not
demonstrate that WNT-beta catenin signaling has no/lit t le funct ion in these processes. In my view
it  is therefore important to revise the manuscript  in the relevant parts. 

Referee #2: 

Revision Comments 
The authors responded to the comments raised by the reviewers, and the revised manuscript  has
been much improved. However, this reviewer is st ill concerned about some of the issues including
the followings: 

Major points: 
1) Regarding Fig. 1A, it  is more proper to indicate quant itat ive data of the cort ical thickness as bar
graphs, not within the images, together with the sample size (maybe as Appendix Figure). It  would
be more informat ive to add a similar graph for the length of the neocort ical wall (red arrows).
The same is applied for Fig. 3I. However, this suffers inconsistency with the previous version of the
figure indicat ing three asterisks, whereas in the revised version it  has been reduced to two. Was
this a simple mistake? If so, it  should be indicated in the point-by-point  responses.
In some figures of immunoblot t ing (e.g. Fig. 1N), it  would be better to use average{plus minus}SEM
and the same significant digits.

2) Images of DKO in Fig 1B should be replaced with more typical one, as in Fig. 1A. Otherwise, it  is
misleading.

4) In Fig 1L-P, it  is assumed that the authors used ROI on pLRP6 or Axin2 posit ive single cells and
measured the average intensity with Fiji. Procedures should be explained more in detail by
ment ioning, for example, how ROI was drawn. The same is applied for other methods such as
calculat ion of brightness values.

7) The figures used in the "Response to the Referees" is very helpful. It  would be better to include
the data as Appendix Figure.

8) It  would be suitable to refer previous studies on cell cycle analyses (Arai et  al, 2011; Turrero
García et  al, 2016) in the Appendix Method.
It  would also be helpful for the reader if the following statements are added to the Appendix
Method:
"It  is worth not ing that the total cell cycle length values for E13.5 wt APs (18.1 hours) and E13.5 wt
BPs (22.1) determined in the present study fit  quite well to those determined previously at  E14.5 by
cumulat ive EdU labeling (Arai et  al. 2011; 19.1 hours for APs, 26.5 hours for BPs; cell cycle length is
known to increase at  later developmental stages, i.e. E14.5 vs. E13.5)."

Minor points: 
8) It  would be better to carefully check typos and font errors in throughout the manuscript  (including
Appendix). For example, "Kosodo et  al. 2004" should be "Kosodo et  al, 2004".

Referee #3: 



The authors have addressed my concerns and I believe that the manuscript  woll represent and
important addit ion for the those interested in cort ical development and Wnt signalling 



5th Aug 20212nd Authors' Response to Reviewers

The authors performed the requested editorial changes.



10th Aug 20212nd Revision - Editorial Decision

Dear Dr. Niehrs, 

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

If you have any quest ions, please do not hesitate to contact me. Thank you for your contribut ion to 
The EMBO Journal. 

Yours sincerely, 

David del Alamo 
Editor 
The EMBO Journal 

------------------------------------------------ 

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

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

Please note that you will be contacted by Wiley Author Services to complete licensing and payment 
informat ion. The 'Page Charges Authorizat ion Form' is available here:
ht tps://www.embopress.org/pb-assets/embo-site/tej_apc.pdf 

Should you be planning a Press Release on your art icle, please get in contact with
embojournal@wiley.com as early as possible, in order to coordinate publicat ion and release dates. 
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D- Animal Models

E- Human Subjects

HEK293T cells are routinely tested for mycoplasma.

Yes, F test was used to test homogeneity of variances.

Antibodies used in this study are listed in the Methods, with related information including species, 
catalog number, company, and, where applicable, citations. We refer to the manufacturer's 
instructions for antibody validation. Our homemade Sox4-phospho antibody was validated in Fig 
EV5J-K.

Ccny; Ccnyl1 mutant  mice were kept on a mixed genetic background. C57BL/6N mice were used 
for IUE experiments. Age and genetic modification status are reported in the Materials and 
Methods and Figure Legends. Gender was not taken into consideration for embryos. All animals 
used for this study were kept in standardized pathogen-free conditions at the Central Animal 
Laboratory of DKFZ or the Biomedical Services Facility of the MPI-CBG with free access to food and 
water. Animals were kept with the following light/dark cycle: 12 h / 12h (mice)

All animal work was conducted according to national and international guidelines and was 
approved by the state review board of Baden-Württemberg (protocol no. G-123/18) and the 
Landesdirektion Sachsen (licenses: mouse TVV 5/2015 and TVV 20/2020). 

All relevant aspects of animal studies are adequately reported.

G- Dual use research of concern

F- Data Accessibility

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

No datasets were generated in this study.

N/A

N/A

N/A
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