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30th Apr 20201st Editorial Decision

30th Apr 2020 

Dear Prof. Bao, 

Thank you for the submission of your manuscript  to EMBO Molecular Medicine, and please accept
my apologies for the delay in gett ing back to you. We have now received feedback from two of the
three reviewers who agreed to evaluate your manuscript . Given that referee #2 will unfortunately
not be able to return his/her report  in a t imely manner, and that both referees #1 and #3 are overall
posit ive, we prefer to make a decision now in order to avoid further delay in the process. Should
referee #2 provide a report , we will send it  to you, with the understanding that we will not  ask you
extensive experiments in addit ion to the ones required in the enclosed reports from referee #1 and
#3. As you will see from the reports below, both referees highlight  the interest  of the study but also
raise a number of concerns that should be adressed in a major revision of the current manuscript .
Special at tent ion should be given to addressing preclinical aspect of the study part icularly
comparing and combining the C646 treatment with standard GBM therapies. Addressing the
reviewers' concerns in full will be necessary for further considering the manuscript  in our journal. 

Acceptance of the manuscript  will entail a second round of review. Please note that EMBO
Molecular Medicine encourages a single round of revision only and therefore, acceptance or
reject ion of the manuscript  will depend on the completeness of your responses included in the next,
final version of the manuscript . For this reason, and to save you from any frustrat ions in the end, I
would strongly advise against  returning an incomplete revision. 

We realize that the current situat ion is except ional on the account of the COVID-19/SARS-CoV-2
pandemic. Therefore, please let  us know if you need more than three months to revise the
manuscript . 

I look forward to receiving your revised manuscript . 

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

Tao et  al test  a new molecular mechanism by which a key nuclear matrix-associated protein,
SATB2, promotes GBM growth. The study is interest ing and provides new informat ion that is



important for our understanding of how NMPs regulate GBM progression. The authors ident ify
SATB2 as marker of GSCs and poor prognosis in GBM pat ients. They then follow-up to report  the
mechanism of act ion of SATB2 and show that it  recruits the histone acetylt ransferase CBP to
promote FOXM1-mediated cell proliferat ion. Finally, they use a CBP inhibitor that  could be of ut ility
for the field to block GBM cell growth in vit ro and in vivo. 

The work presented in the manuscript  is valuable. However, there are some instances where the
conclusions of the authors are not fully supported by the evidence. 

Major points: 

(1) The authors claim that 'SATB2 is required for GSC self-renewal'. This is solely based on in vit ro
assays, which is weak evidence. To strengthen this link, I would suggest including limit ing dilut ion
xenotransplantat ion of shSATB2 cells to demonstrate effects on tumorigenicity.

(2) The experiments using C646 to inhibit  CBP funct ion are interest ing, but poorly controlled. No
effort  is made exclude off-target effects of the inhibitor. The authors should use shCBP as control
to show that this at tenuates the effects of C646, and that C646 treatment effects can be rescued
by over expression of FoxM1. It  would also be useful to demonstrate that C646 treatment reduces
protein levels of FoxM1.

(3) I have made several unsuccessful at tempts to reproduce the Kaplan-Meier curves presented
from the TCGA dataset on SATB2 and CBP. The authors need to provide better informat ion which
specific dataset and which cut-off parameters were used for the analysis.

(4) Stat ist ical tests used should be better described, part icularly where more than two groups were
compared (e.g. all figure panels comparing shNT vs shSATB2-1 and shSATB2-2). Student 's T-test
is not appropriate for comparing 3 or more experimental groups. Was an at tempt made to check if
data is normally distributed? For sample numbers <30, a Mann-Whitney test  is probably more
appropriate than Student 's T-test .

Minor points: 

Median survival t imes should be presented for all Kaplan-Meier analyses. 

Referee #3 (Remarks for Author): 

The study by Tao et  al. characterizes the role of SATB2, a nuclear matrix-associated protein (NMP)
preferent ially expressed by glioblastoma (GBM) stem-like cells (GSC), in sustaining GBM malignant
growth in vit ro and in vivo. The study provides a mechanist ic explanat ion for the protumorigenic
act ivity of SATB2, by uncovering that it  recruits CBP transcript ion factor to act ivate t ranscript ion of
FOXM1, a known regulator of cell cycle progression. Finally, the study provides evidence that
pharmacological inhibit ion of SATB2/CBP transcript ional act ivity by a CBP inhibitor (C646) can
suppress proliferat ion of GSC and growth of GBM obtained by GSC orthotopic t ransplantat ion. 
The study is ample, technically excellent , most ly carefully writ ten and illustrated. 
The findings concerning the SATB2/CBP/FOXM1 are novel and mechanist ically appealing, as they
invest igate an area most ly unexplored in GBM but deserving at tent ion, as it  relates to chromat in
regulat ion, known to be often altered during gliomagenesis. 
A possible conceptual weakness is that  SATB2, being a nuclear matrix-associated protein, can play



a 'machinery role' with elusive causal relat ionships with gliomagenesis. How can this protein be
deregulated in GBM remains unclear: the alleged correlat ion between SATB2 high expression and
poor prognosis is the less convincing result  of the study (see Point  N.1). Neither are clear the
correlat ions between SATB2 and the GBM oncogenic pathways, and whether SATB2/CBP
target ing with C646 has good chance to be GBM-specific in the pat ient . 
The experiments are overall convincing, however, to fully support  the main conclusions, the
following points should be addressed. 

Point  N.1 
Correlat ion between SATB2 high expression and poor prognosis. Results, page 6 and S1AC. 
This reviewer challenged the associat ion between SATB2 high expression and GBM prognosis in
available GBM databases (using Gliovis and cbioportal), and found it  hard to reproduce. The
correlat ion seems negligible, except in the 'lower grade gliomas' cohort , where SATB2 expression
direct ly correlates with glioma grade and, therefore, it  inversely correlates with overall survival. If not
adequately supported, such correlat ions should be removed from the results. 

Point  N.2 
SATB2 preferent ial expression in GSCs. Results, page 6, Fig. 1A-H and S2A-C. 
2A - In Fig 1A and S2A, 3 human GBM specimens are analysed. The number of non-GSC GBM cells
(SOX2-neg) cells is very low according to DAPI-pos nuclei. This is unusual. Brightfield images should
be shown. 
2B - The conclusion that SATB2 is preferent ially expressed in the GSC subpopulat ion vs. more
different iate non-stem tumor cells, is based on the comparison between GSCs and 'NSTC', i.e. cells
where different iat ion has been forced by 10% serum, which are unlikely representat ive of real GBM
cells. To corroborate the above conclusion, it  is suggested to invest igate whether SATB2
expression is decreased in human GBM specimens, in cells showing expression of different iat ion
markers. 
2C - The low levels of SATB2 in Neural Progenitor Cells (NPC) shown in Fig. 1F-G is puzzling, as
NPC are known to express high levels of the SATB2 transcript ional target FOXM1 (see e.g.: Joshi et
al. Stem Cells 31:1051, 2013). 

Point  N.3 
SATB2 requirement for GSC proliferat ion and self-renewal. Results, page 7, Fig. S3. 
3A - The statement that 'disrupt ion of SATB2 had lit t le effect  on the growth and survival of NSTCs
(Fig. S3A) and NPCs (Fig. S3B)' seems tautological, since, as shown in the previous result  sect ion,
NSTCs and NPCs do not express SATB2. A similar problem is observed in Fig 6B, where chIPs to
study STAB2 binding are shown in NSTC or NPC. 
3B - In Fig S3C the increased number of cells in G1 phase, and the decreased number in S, are
stat ist ically significant but biologically rather meaningless. This result  should be confirmed in more
independent models, or removed. 

Point  N. 4 
Silencing SATB2 suppresses GSC-driven tumor growth. Results, page 7, Fig. 3A-G, S3E-G. 
The overall study of experimental tumors should be better characterized and described. In
part icular: 
4A. In the experimental tumors it  is important to show the levels of SATB2. It  is unclear at  which
t imepoint  the tumors shown in Fig. 3D-G where taken (the end-point?). Although 21 days after
transplantat ion SATB2-silenced cells had not formed detectable tumors (Fig. 3A), in the following
weeks tumors evident ly appeared and were removed. It  would be important to discriminate whether
tumors arising from shSATB2 come from cells that  escaped silencing (thus they should express



SATB2) or that  kept their potent ial despite silencing (thus they should not express SATB2). 
4B. Ki67 and SOX2 expression should be shown also in tumors shown in S3. 

Point  N. 5 
SATB2 is required for the expression of genes involved in cell cycle progression. Results, page 8, Fig.
4A-G. 
In SATB2 silenced cells, it  is suggested to show not only targets that are upregulated, but also
those that are downregulated by FOXM1, i.e. cell cycle inhibitors such as p21 and p27. 

Point  N. 6 
SATB2 promotes GSC proliferat ion and tumor propagat ion through FOXM1, page 9, Fig. 5G-J. 
As noted in point  N.4, tumors should be better characterized, in part icular for expression of SATB2,
in order to understand what is the source of the tumor. 
In this sect ion, a previous study showing that FOXM1 is associated with GSC format ion and
regulates SOX2 expression should be cited (Lee et  al. Plos One 10:e0137703). 

Point  N. 7 
CBP is also enriched in GSCs, page 10, Fig. S5E. 
As in Point  N.1, this reviewer could not reproduce the alleged correlat ion between high CBP
expression and poor prognosis. It  is suggested to remove these data. 

Point  N. 8 
The CBP inhibitor C646 suppresses GSC-driven tumor growth, page 11. 
To provide valuable preclinical informat ion, it  would be important to compare and combine the
effect  of C646 with standard GBM therapies (temozolomide and radiotherapy), at  least  in vit ro. This
seems relevant also because it  is known that FOXM1 plays an important role in regulat ing DNA
damage repair machinery (the majority of its target genes are involved in response to IR and TMZ).
For temozolomide treatment, it  is recommended to use doses representat ive of concentrat ions
measured in the pat ients' CNS, i.e. <50 uM. 

Point  N. 9 
Stat ist ical data. 
9A. Data are presented as mean {plus minus}  SD or SEM. It  is suggested to uniform these data. 
9B. As in many experiments data are collected from few experimental points (e.g. cell viability or
sphere format ion), it  seems more appropriate to use non-parametric tests or to control (and
disclose in the Methods sect ion) that  normal distribut ion can be applied. GraphPad Prism assists to
the purpose. 

Minor point  
Introduct ion, page 4. The sentence 'elevated expression of SATB2 correlates with poor pat ient
survival' is repeated almost ident ical at  the beginning of page 5.
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Responses to Reviewers’ Comments 

Re: EMM-2020-12291 

We thank the reviewers for the critical evaluation of our manuscript. We are very grateful for the 

insightful comments and helpful suggestions from the reviewers. In response to their comments, we 

have performed a large amount of additional experiments and extensively revised the manuscript to 

address the major concerns. We believe that the revised manuscript is significantly improved and 

strengthened. Below, we include the point-by-point response to the reviewers’ comments.  

Referee #1 (Remarks for Author): 

Tao et al test a new molecular mechanism by which a key nuclear matrix-associated protein, SATB2, 

promotes GBM growth. The study is interesting and provides new information that is important for our 

understanding of how NMPs regulate GBM progression. The authors identify SATB2 as marker of 

GSCs and poor prognosis in GBM patients. They then follow-up to report the mechanism of action of 

SATB2 and show that it recruits the histone acetyltransferase CBP to promote FOXM1-mediated cell 

proliferation. Finally, they use a CBP inhibitor that could be of utility for the field to block GBM cell 

growth in vitro and in vivo.  

The work presented in the manuscript is valuable. However, there are some instances where the 

conclusions of the authors are not fully supported by the evidence. 

Response: We are grateful for the positive comments from the reviewer. Meanwhile, we appreciate 

the helpful suggestions provided by the reviewer. We have performed additional experiments to 

address the important concerns.  

Major points:  

Referee #1: 1. The authors claim that 'SATB2 is required for GSC self-renewal'. This is solely based 

on in vitro assays, which is weak evidence. To strengthen this link, I would suggest including limiting 

dilution xenotransplantation of shSATB2 cells to demonstrate effects on tumorigenicity. 

Response: We thank the reviewer for the suggestion. We have performed the suggested experiment 

and confirmed that silencing SATB2 reduced the tumorogenic potential of GSCs in an in vivo limiting 

dilution assay (Please see Table R1 below). 

shRNA GSC number 5000 1000 500 100 

shNT Incidence 
Median Survival 

5/5 
29 

5/5 
36 

5/5 
41 

5/5 
57 

shSATB2-1 Incidence 
Median Survival 

5/5 
49** 

5/5 
62** 

3/5 
73** 

0/5 
---** 

shSATB2-2 Incidence 
Median Survival 

5/5 
47** 

5/5 
58** 

3/5 
67** 

1/5 
---** 

Table R1. In vivo limiting dilution assay for tumor formation of GSCs expressing shNT or shSATB2. 

12th Aug 20201st Authors' Response to Reviewers
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Tumor incidence and median survival time of mice after intracranial transplantation of 5000, 1000, 500 

or 100 GSCs (T3359) expressing shNT, shSATB2-1 or shSATB2-2. **p＜0.01 with Log-rank analysis of 

survival curves for the same number of GSCs expressing shSATB2 relative to shNT control. 

We have added the new data in Appendix Table S1 and described the result in our revised manuscript. 

Please see the 3
nd

 Paragraph at Page 7, the 3
th
 part in the “Results” section: “Further experiment

demonstrated that silencing SATB2 reduced the tumorogenic potential of GSCs in an in vivo limiting 

dilution assay.” 

We have also added the description of the “In vivo limiting dilution assay” in the “Materials and 

Methods” section in the revised manuscript. Please see Page 18. 

Referee #1: 2. The experiments using C646 to inhibit CBP function are interesting, but poorly 

controlled. No effort is made exclude off-target effects of the inhibitor. The authors should use shCBP 

as control to show that this attenuates the effects of C646, and that C646 treatment effects can be 

rescued by over expression of FoxM1. It would also be useful to demonstrate that C646 treatment 

reduces protein levels of FoxM1. 

Response: We thank the reviewer for the helpful suggestion and agree that necessary controls are 

critical. 

(1) To exclude the off-target effects of the inhibitor C646, we silenced the CBP expression by using

CBP shRNA (shCBP) and then treated the GSCs with C646 (8 μM) or the vehicle control. Targeting 

CBP with shCBP significantly decreased CBP expression in GSCs (Please see Figure R1A below). 

We found that CBP knockdown attenuated the effect of C646 treatment on inhibiting GSC proliferation 

(Please see Figure R1B below). These new results further confirmed that CBP is the target of C646 on 

inhibiting GSC proliferation. 

Figure R1. A, Immunoblot analysis of CBP expression in GSCs transduced with shCBP or shNT 

control for 48 hours. 

B, Cell viability assay of GSCs transduced with shCBP or shNT for 48 hours and then treated with 8 

μM of C646 or the vehicle control for 6 days (n=5). Data are represented as mean ± SD. One way 

ANOVA analysis followed by Tukey’s test. n.s., not significant. 
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We have added the new data in Appendix Fig S6G and H and described the results in our revised 

manuscript. Please see the Line 12 of 3
rd

 Paragraph at Page 11, the last part in the “Results” section: 

“To exclude the off-target effects of C646 treatment…..These results confirmed that CBP is the target 

of C646 on inhibiting GSC proliferation.” 

 

(2) To verify whether FOXM1 overexpression rescues the effect of C646 treatment on GSC 

proliferation, we transduced GSCs with FOXM1 by a lentiviral vector and treated the GSCs with C646 

(8 μM). Immunoblot analysis showed that ectopic expression of FOXM1 restored the FOXM1 levels to 

its endogenous levels that were reduced by C646 treatment (Please see Figure R2A below). Indeed, 

ectopic expression of FOXM1 to its endogenous levels largely rescued the impaired cell proliferation of 

GSCs caused by C646 treatment (Please see Figure R2B below). These results indicate that C646 

treatment inhibits GSC proliferation through the CBP-FOXM1 axis. 

 

  
 
Figure R2. A, Immunoblot analysis of FOXM1 expression in GSCs transduced with FOXM1 or vector 

control and treated with C646 (8 μM) or the vehicle control for 48 hours. 

B, Cell viability assay of GSCs transduced with FOXM1 or vector control and treated with C646 (8 μM) 

or the vehicle control for 6 days (n=5). Data are represented as mean ± SD. ****p＜0.0001, one way 

ANOVA analysis followed by Tukey’s test.  

 

We have added the new data in Appendix Fig S6I and J and described the result in our revised 

manuscript. Please see the last line at Page 11, the last part in the “Results” section: “To verify whether 

FOXM1 overexpression rescues the effect of C646 treatment on GSC proliferation......These results 

indicate that C646 treatment inhibits GSC proliferation through the CBP-FOXM1 axis.” 

 

(3) To test whether C646 treatment reduces FoxM1 protein levels in GSCs, we performed immunoblot 

analysis and found that C646 treatment indeed reduced FOXM1 expression in a dose-dependent 

manner (Please see Figure R3 below). 
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Figure R3. Immunoblot analysis of FOXM1 expression in GSCs treated with indicated doses of C646 

for 24 hours. 

We have added the new data in Appendix Fig S6F and described the result in our revised manuscript. 

Please see the Line 11 of 3
rd

 Paragraph at Page 11, the last part in the “Results” section: “Immunoblot

analysis confirmed that C646 treatment reduced FOXM1 protein levels in a dose-dependent manner.” 

Referee #1: 3. I have made several unsuccessful attempts to reproduce the Kaplan-Meier curves 

presented from the TCGA dataset on SATB2 and CBP. The authors need to provide better information 

which specific dataset and which cut-off parameters were used for the analysis. 

Response: We appreciate the important concern. The original survival curve on SATB2 was extracted 

from TCGA GBM (Agilent-4502A) database and the CBP result was extracted from TCGA GBM (HG-

U133A) database. The statistical significance of the survival correlation was identified through 

bioinformatics analysis. Although there is a correlation at certain dataset by using specific cut-off 

parameter, the overall correlation is low by analyzing all available GBM databases. We understand 

that it may be more appropriate to use a median cut-off. Reviewer 3 (Point 1) also raised this point and 

suggested us to remove these data. Therefore, we have removed these data from the results 

according to the reviewer’s suggestion. 

Referee #1: 4. Statistical tests used should be better described, particularly where more than two 

groups were compared (e.g. all figure panels comparing shNT vs shSATB2-1 and shSATB2-2). 

Student's T-test is not appropriate for comparing 3 or more experimental groups. Was an attempt 

made to check if data is normally distributed? For sample numbers <30, a Mann-Whitney test is 

probably more appropriate than Student's T-test. 

Response: We thank the reviewer for raising this important issue. Student's T-test was used to 

compare two groups in multiple groups in our previous manuscript (e.g. shNT vs shSATB2-1 or shNT 

vs shSATB2-2). We agree with the reviewer’s point that Student's T-test may not be appropriate for 

comparing this type of data. Therefore, we re-analyzed the statistical data according to the reviewer’s 

suggestions. For quantification with more than two groups, one-way ANOVA analysis followed by 

Tukey’s test (Data with normal distribution) or Kruskal–Wallis test followed by Dunn’s test (Data with 

non-normal distribution) was used to assess statistical significance with GraphPad Prism 7. For 

quantification with two groups, Mann-Whitney test was used to assess statistical significance with 

GraphPad Prism 7. We have also added this statement in the “Materials and Methods” section in the 

revised manuscript. Please see Page 21 in the “Statistics” section. 
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Referee #1: 5. Minor points: Median survival times should be presented for all Kaplan-Meier analyses. 

Response: We are sorry for missing the important information. We have added the median survival 

times for all survival curves at the corresponding figure legends. 
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Referee #3 (Remarks for Author):  

The study by Tao et al. characterizes the role of SATB2, a nuclear matrix-associated protein (NMP) 

preferentially expressed by glioblastoma (GBM) stem-like cells (GSC), in sustaining GBM malignant 

growth in vitro and in vivo. The study provides a mechanistic explanation for the protumorigenic activity 

of SATB2, by uncovering that it recruits CBP transcription factor to activate transcription of FOXM1, a 

known regulator of cell cycle progression. Finally, the study provides evidence that pharmacological 

inhibition of SATB2/CBP transcriptional activity by a CBP inhibitor (C646) can suppress proliferation of 

GSC and growth of GBM obtained by GSC orthotopic transplantation.  

The study is ample, technically excellent, mostly carefully written and illustrated.  

The findings concerning the SATB2/CBP/FOXM1 are novel and mechanistically appealing, as they 

investigate an area mostly unexplored in GBM but deserving attention, as it relates to chromatin 

regulation, known to be often altered during gliomagenesis.  

A possible conceptual weakness is that SATB2, being a nuclear matrix-associated protein, can play a 

'machinery role' with elusive causal relationships with gliomagenesis. How can this protein be 

deregulated in GBM remains unclear: the alleged correlation between SATB2 high expression and 

poor prognosis is the less convincing result of the study (see Point N.1). Neither are clear the 

correlations between SATB2 and the GBM oncogenic pathways, and whether SATB2/CBP targeting 

with C646 has good chance to be GBM-specific in the patient.  

The experiments are overall convincing, however, to fully support the main conclusions, the following 

points should be addressed. 

Response: We thank the reviewer for the positive comments. We appreciate the concerns and 

suggestions raised by the reviewer. In response to the comments, we have performed a large amount 

of additional experiments to address the reviewer’s concerns. We believe that the current manuscript 

is significantly improved after extensive revision in response to the constructive suggestions. 

Referee #3: Point N.1  

Correlation between SATB2 high expression and poor prognosis. Results, page 6 and S1A-C.  

This reviewer challenged the association between SATB2 high expression and GBM prognosis in 

available GBM databases (using Gliovis and cbioportal), and found it hard to reproduce. The 

correlation seems negligible, except in the 'lower grade gliomas' cohort, where SATB2 expression 

directly correlates with glioma grade and, therefore, it inversely correlates with overall survival. If not 

adequately supported, such correlations should be removed from the results. 

Response: We appreciate the important concern. In the original survival curves presented in the 

previous manuscript, the statistical significance of the correlation was identified through bioinformatics 

analysis. Although there is a correlation at certain dataset by using specific parameter, the overall 

correlation is low by analyzing all available GBM database. We understand that it may be more 

appropriate to use a median cut-off. We agree with the reviewer’s opinion. Therefore, we have 

removed these data from the results. 

Referee #3: Point N.2 
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SATB2 preferential expression in GSCs. Results, page 6, Fig. 1A-H and S2A-C.  

2A - In Fig 1A and S2A, 3 human GBM specimens are analysed. The number of non-GSC GBM cells 

(SOX2-neg) cells is very low according to DAPI-pos nuclei. This is unusual. Brightfield images should 

be shown.  

2B - The conclusion that SATB2 is preferentially expressed in the GSC subpopulation vs. more 

differentiate non-stem tumor cells, is based on the comparison between GSCs and 'NSTC', i.e. cells 

where differentiation has been forced by 10% serum, which are unlikely representative of real GBM 

cells. To corroborate the above conclusion, it is suggested to investigate whether SATB2 expression is 

decreased in human GBM specimens, in cells showing expression of differentiation markers.  

2C - The low levels of SATB2 in Neural Progenitor Cells (NPC) shown in Fig. 1F-G is puzzling, as 

NPC are known to express high levels of the SATB2 transcriptional target FOXM1 (see e.g.: Joshi et al. 

Stem Cells 31:1051, 2013). 

Response: (2A) We thank the reviewer for raising the issue. The proportion of SOX2
+
 or OLIG2

+

GSCs among the total cancer cells in different GBM tumor samples actually varied a lot based on our 

experience. It happened that we were using some GBM samples with a high proportion of GSCs. We 

are sorry that we didn’t take the pictures of bright fields from those samples in our previous staining. 

To address the reviewer's concern, we repeated the immunofluorescent staining in CW1797 and 

CW1798 GBM samples, as well as in the newly added CCF-4321 GBM sample, which contains a low 

proportion of GSCs than CW1797 and CW1798 samples. The results confirmed that SATB2 is indeed 

enriched in GSCs in primary GBM samples (Please see Figure R4 below). The bright field images are 

also shown in these figures (Figure R4 below). 

Figure R4. Immunofluorescence of SATB2 (green) and the GSC marker SOX2 or OLIG2 (red) in 
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human GBM specimens. Scale Bar, 25 μM. 

We have replaced the original Fig. 1A with this new figure. 

(2B) To further confirm that SATB2 is preferentially expressed by GSCs relative to non-stem tumor 

cells (NSTCs), we performed immunofluorescent staining in human primary GBM samples using 

antibodies against SATB2 and three differentiation markers (GFAP, TUBB3 and GALC). We found that 

the majority of the NSTCs expressing the differentiation maker didn’t show SATB2 signals (Please see 

Figure R5A-F below). Only small fractions of GFAP
+
 cells (7.8%), TUBB3

+
 cells (10.8%), and GALC

+

cells (6.1%) showed SATB2 staining signals in human GBMs (Figure R5B, D and F), but the majority 

of SOX2
+
 cells (94%) or OLIG2

+
 cells (90.9%) showed strong SATB2 staining in human primary GBMs

(Fig. 1B). These results further supports that SATB2 is preferentially expressed by GSCs in GBM 

tumors. 

Figure R5. A, Immunofluorescence of SATB2 (red) and the astrocyte marker GFAP (green) in human 

GBM specimen. Scale Bar, 25 μM. 

B, Quantification of the fraction of SATB2
+
 cells in GFAP

+
 cells in human GBMs. Analysis were

performed with 3 different specimens. Data are shown as mean ± SD. 

C, Immunofluorescence of SATB2 (red) and the neuron marker TUBB3 (green) in human GBM 

specimen. Scale Bar, 25 μM. 

D, Quantification of the fraction of SATB2
+
 cells in TUBB3

+
 cells in human GBMs. Analysis were
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performed with 3 different specimens. Data are shown as mean ± SD. 

E, Immunofluorescence of SATB2 (red) and the oligodendrocyte marker GALC (green) in human GBM 

specimen. Scale Bar, 25 μM. 

F, Quantification of the fraction of SATB2
+
 cells in GALC

+
 cells in human GBMs. Analysis were

performed with 3 different specimens. Data are shown as mean ± SD. 

We have added the new data in Appendix Fig S2B-G and described the result in our revised 

manuscript. Please see the Line 15 at Page 6, the 1
st
 part in the “Results” section: “Further

experiments demonstrated that SATB2 is rarely expressed in glioma cells expressing the differentiation 

markers (GFAP, TUBB3 and GALC) in human GBMs.” 

(2C) We thank the reviewer for raising the interesting point. We have read the mentioned publication. 

The paper reported that FOXM1 expression was higher in GSCs than in NPCs, although FOXM1 was 

shown to be expressed by NPCs. This result is consistent with our data showing that SATB2 is highly 

expressed in GSCs compared with NPCs. On the other hand, it is possible that the regulatory 

mechanisms of FOXM1 expression may be different in GSCs and NPCs. Our results demonstrate that 

SATB2 is an important regulator of FOXM1 in GSCs. However, whether FOXM1 is also regulated by 

SATB2 in NPCs is not clear. The regulation of FOXM1 expression in NPCs and GSCs may not be 

same. We will further address this issue in the future study. We have discussed the issue in the 

“Discussion” section (Page 14, the 2
nd

 Paragraph in the “Discussion” section) and cited the publication

(Joshi et al. Stem Cells, 2013) in our manuscript.  

Referee #3: Point N.3  

SATB2 requirement for GSC proliferation and self-renewal. Results, page 7, Fig. S3.  

3A - The statement that 'disruption of SATB2 had little effect on the growth and survival of NSTCs (Fig. 

S3A) and NPCs (Fig. S3B)' seems tautological, since, as shown in the previous result section, NSTCs 

and NPCs do not express SATB2. A similar problem is observed in Fig 6B, where chIPs to study 

STAB2 binding are shown in NSTC or NPC.  

3B - In Fig S3C the increased number of cells in G1 phase, and the decreased number in S, are 

statistically significant but biologically rather meaningless. This result should be confirmed in more 

independent models, or removed. 

Response: (3A) We thank the reviewer for raising the issue. Our results showed that NSTCs and 

NPCs still express very low levels of SATB2. Therefore, we performed the experiments.  We believe 

that these experiments can serve as controls to demonstrate that SATB2 disruption specifically affects 

GSCs. 

(3B) We agree with the reviewer that the increased number of cells in G1 phase and the decreased 

number in S phase shown in original Fig. S3C are not biologically meaningful. Thus, we have removed 

this data. 
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Referee #3: Point N. 4  

Silencing SATB2 suppresses GSC-driven tumor growth. Results, page 7, Fig. 3A-G, S3E-G.  

The overall study of experimental tumors should be better characterized and described. In particular:  

4A. In the experimental tumors it is important to show the levels of SATB2. It is unclear at which 

timepoint the tumors shown in Fig. 3D-G where taken (the end-point?). Although 21 days after 

transplantation SATB2-silenced cells had not formed detectable tumors (Fig. 3A), in the following 

weeks tumors evidently appeared and were removed. It would be important to discriminate whether 

tumors arising from shSATB2 come from cells that escaped silencing (thus they should express 

SATB2) or that kept their potential despite silencing (thus they should not express SATB2).  

4B. Ki67 and SOX2 expression should be shown also in tumors shown in S3. 

Response: (4A) We appreciate the concern and suggestion raised by the reviewer. Because the 

SATB2-silenced GSCs grew tumor much slower than the control GSCs expressing shNT, it was very 

hard to collect tumors derived from the SATB2-silenced GSCs and the control GSCs at the same time 

point for immunofluorescence analyses. To make tumors from all groups comparable, we collected 

tumors from all groups at the similar tumor size for the analyses based on similar bioluminescence 

intensity. Thus, we usually collected the brains bearing GBM xenografts from mice two to three days 

before the death of mice, and the tumor size was determined by IVIS imaging. Although we collected 

tumors from the control group (shNT) and shSATB2 groups at different times after transplantation, 

tumor sizes from these three groups (shNT, shSATB2-1 and shSATB2-2) were similar and comparable 

for the immunofluorescence analyses. We have described the collection time of tumor xenografts in 

the “Materials and Methods-Immunofluorescent staining” section (Page 20) in our revised manuscript. 

We agree with the reviewer that it is important to determine whether tumors arising from shSATB2 

came from the GSCs that escaped silencing or that kept their potential despite silencing. To address 

this issue, we performed immunofluorescent staining of SATB2 in GBM xenografts and found that 

most of the cells in the GBM tumors derived from the shSATB2-cells didn’t show SATB2 signals, 

although there were small fractions of cells in these tumors showed very weak SATB2 signals (Please 

see Figure R6A and B below). This result demonstrated that the glioma cells in GBM xenografts from 

the shSATB2 groups were indeed derived from SATB2-silenced cells but not derived from the GSCs 

that escaped form shRNA silencing. 

Figure R6. A, Immunofluorescence of SATB2 (Green) in GBM xenografts derived from T3359 GSCs 
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expressing shNT or shSATB2 (n=5 tumors per group). Scale bar: 40 μm. 

B, Quantification of SATB2 intensity in xenografts derived from T3359 GSCs expressing shNT or 

shSATB2 (n=5 tumors per group). Data are shown as mean ± SD. ****p＜0.0001, one way ANOVA 

analysis followed by Tukey’s test.  

We have added the new data in Fig 3H and I and described the result in our revised manuscript. 

Please see the Line 4 at Page 8, the 3
rd

 part in the “Results” section: “Moreover, immunofluorescent

staining confirmed that the expression of SATB2 was significantly decreased……” 

(4B) Following the reviewer’s suggestion, we have also performed immunofluorescent staining of Ki67, 

SOX2 and SATB2 in GSC-derived GBM xenografts. The results showed that silencing SATB2 

significantly reduced cell proliferation as revealed by Ki67 immunofluorescence and reduced the GSC 

population marked by SOX2 immunofluorescence (Please see Figure R7A-D below). 

Immunofluorescent staining of SATB2 also indicated that most of the cells in the GBM tumors from the 

shSATB2 groups didn’t show SATB2 signals, and there were small fractions of cells in these tumors 

showed very weak SATB2 signals (Please see Figure R7E and F below).  
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Figure R7. A, Immunofluorescence of Ki67 (Green) in tumor xenografts derived from H2S GSCs 

expressing shNT or shSATB2 (n=5 tumors per group). Scale bar: 40 μm.  

B, Quantification of Ki67 positive cells in xenografts derived from H2S GSCs expressing shNT or 

shSATB2 (n=5 tumors per group). Data are shown as mean ± SD. ****p＜0.0001, one way ANOVA 

analysis followed by Tukey’s test. 

C, Immunofluorescence of SOX2 (Red) in xenografts derived from H2S GSCs expressing shNT or 

shSATB2 (n=5 tumors per group). Scale bar: 40 μm.  

D, Quantification of SOX2 positive cells in xenografts derived from H2S GSCs expressing shNT or 

shSATB2 (n=5 tumors per group). Data are shown as mean ± SD. ****p＜0.0001, one way ANOVA 

analysis followed by Tukey’s test. 

E, Immunofluorescence of SATB2 (Green) in GBM xenografts derived from H2S GSCs expressing 

shNT or shSATB2 (n=5 tumors per group). Scale bar: 40 μm. 

F, Quantification of SATB2 intensity in xenografts derived from H2S GSCs expressing shNT or 

shSATB2 (n=5 tumors per group). Data are shown as mean ± SD. ****p＜0.0001, one way ANOVA 

analysis followed by Tukey’s test. 

We have added the new data in Appendix Fig S3G-L and in result part of our revised manuscript at 

Page 8.  

Referee #3: Point N. 5  

SATB2 is required for the expression of genes involved in cell cycle progression. Results, page 8, Fig. 

4A-G.  

In SATB2 silenced cells, it is suggested to show not only targets that are upregulated, but also those 

that are downregulated by FOXM1, i.e. cell cycle inhibitors such as p21 and p27. 

Response: We thank the reviewer for the suggestion. We have examined the expression of p21 and 

p27. qPCR analysis showed that knockdown of SATB2 slightly increased the expression of p27, while 

significantly increased  p21 expression in GSCs (Please see Figure R8 below). 

Figure R8. qPCR analysis of p21 and p27 expression in H2S GSCs transduced with shNT or 

shSATB2. Data are represented as mean ± SD. *p＜0.05, **p＜0.01, one way ANOVA analysis 

followed by Tukey’s test. 
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We have added the new data in Fig 4G and described the result in our revised manuscript. Please see 

the Line 1 at Page 9, the 4
th
 part in the “Results” section: “while disruption of SATB2 increased the

expression of p21 and p27 which are negatively regulated by FOXM1.” 

Referee #3: Point N. 6 

SATB2 promotes GSC proliferation and tumor propagation through FOXM1, page 9, Fig. 5G-J.  

As noted in point N.4, tumors should be better characterized, in particular for expression of SATB2, in 

order to understand what is the source of the tumor.  

In this section, a previous study showing that FOXM1 is associated with GSC formation and regulates 

SOX2 expression should be cited (Lee et al. Plos One 10:e0137703). 

Response: (6A) We thank the reviewer for the suggestion. We have performed immunofluorescent 

staining of SATB2 and confirmed that most of the cells in the GBM tumors expressing SATB2 shRNA 

didn’t show SATB2 signals, and there were small fractions of cells in these tumors showed very weak 

SATB2 signals (Please see Figure R9 below). The result is consistent with the result shown in Figure 

R6, demonstrating that the glioma cells in GBM xenografts expressing SATB2 shRNA were indeed 

derived from SATB2-silenced cells but not derived from the GSCs that escaped form shRNA silencing.  

Figure R9. A, Immunofluorescence of SATB2 (Green) in xenografts derived from T3359 GSCs 

transduced with FOXM1 or vector control in combination with shNT or shSATB2 (n=5 tumors per 

group). Scale bar: 40 μm.  

B, Quantification of SATB2
 
intensity in xenografts derived from T3359 GSCs transduced with FOXM1 

or vector control in combination with shNT or shSATB2 (n=5 tumors per group). Data are represented 

as mean ± SD. ****p＜0.0001, one way ANOVA analysis followed by Tukey’s test.  

We have added the new data in Appendix Fig S4E and F and described the result in our revised 

manuscript. Please see the Line 16 of 2
nd

 Paragraph at Page 9, the 5
th
 part in the “Results” section:

“Immunofluorescent staining confirmed a significant reduction of SATB2 expression in xenografts 

expressing shSATB2.” 

(6B) We are sorry for missing the important reference. We have cited it in the “Results” section. Please 

see the Line 2 of 2
nd

 Paragraph at Page 9, the 5
th
 part in the “Results” section: “As FOXM1 is an
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oncogenic regulator that promotes GSC proliferation and expression of the stem cell marker SOX2 

(Lee et al., 2015).” 

Referee #3: Point N. 7  

CBP is also enriched in GSCs, page 10, Fig. S5E.  

As in Point N.1, this reviewer could not reproduce the alleged correlation between high CBP 

expression and poor prognosis. It is suggested to remove these data. 

Response: We agree with the reviewer’s opinion. Although there is a correlation in certain dataset by 

using specific parameter, the overall correlation is low by analyzing all available GBM database. We 

have removed the data from the results. 

Referee #3: Point N. 8  

The CBP inhibitor C646 suppresses GSC-driven tumor growth, page 11.  

To provide valuable preclinical information, it would be important to compare and combine the effect of 

C646 with standard GBM therapies (temozolomide and radiotherapy), at least in vitro. This seems 

relevant also because it is known that FOXM1 plays an important role in regulating DNA damage 

repair machinery (the majority of its target genes are involved in response to IR and TMZ). For 

temozolomide treatment, it is recommended to use doses representative of concentrations measured 

in the patients' CNS, i.e. <50 uM. 

Response: We thank the reviewer for the important suggestion. To compare the effects of C646 and 

Temozolomide treatment alone and the combined treatment on GSC proliferation, we treated the 

GSCs with C646 (4 μM) or Temozolomide (40 μM) or in combination. The results showed that the 

inhibitory effect of C646 (4 μM) was slightly greater than that of Temozolomide (40 μM) on GSC 

proliferation (Please see Figure R10 below), but the combined treatment with C646 (4 μM) and 

Temozolomide (40 μM) showed a synergistic effect on inhibiting GSC proliferation (Figure R10). 

Figure R10. Cell viability assay of GSCs treated with C646 (4 μM) or Temozolomide (40 μM) or in 

combination for 6 days (n=5). Data are represented as mean ± SD. ****p＜0.0001, one way ANOVA 

analysis followed by Tukey’s test.  
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To further compare the effect of C646 and irradiation treatment alone and the combined treatment on 

GSC proliferation, we treated the GSCs with C646 (4 μM) or irradiation (1 Gy) or in combination. The 

results showed that treatment with C646 (4 μM) alone and with irradiation (1 Gy) alone had the similar 

effect on inhibiting GSC proliferation (Please see Figure R11 below). However, the combined 

treatment with C646 (4 μM) and irradiation (1 Gy) also showed a synergistic effect on inhibiting GSC 

proliferation (Figure R11).  

Figure R11. Cell viability assay of GSCs treated with C646 (4 Μm) or irradiation (1 Gy) or in 

combination for 6 days (n=5). Data are represented as mean ± SD. ****p＜0.0001, one way ANOVA 

analysis followed by Tukey’s test.  

These results indicate that targeting CBP with C646 may effectively synergize with standard therapies 

such as irradiation or Temozolomide treatment to improve GBM treatment. We have added these new 

data in Appendix Fig S7B and C and described the results in our revised manuscript. Please see the 

Line 9 of Page 12, the last part in the “Results” section: “To compare the effects of C646 and 

Temozolomide treatment alone and the combined treatment on GSC proliferation……These results 

indicate that targeting CBP with C646 may effectively synergize with standard therapies such as 

irradiation or Temozolomide treatment to improve GBM treatment ” 

Referee #3: Point N. 9  

Statistical data.  

9A. Data are presented as mean {plus minus} SD or SEM. It is suggested to uniform these data.  

9B. As in many experiments data are collected from few experimental points (e.g. cell viability or 

sphere formation), it seems more appropriate to use non-parametric tests or to control (and disclose in 

the Methods section) that normal distribution can be applied. GraphPad Prism assists to the purpose. 

Response: (9A) We have uniformed the data. All data are represented as mean ± SD now. 
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(9B) We thank the reviewer for raising the important issue. We re-analyzed the statistical data 

according to the reviewer’s suggestions. For quantification with two groups, Mann-Whitney test (non-

parametric test) was used to assess statistical significance with GraphPad Prism 7. For quantification 

with more than two groups, one-way ANOVA analysis followed by Tukey’s test (Data with normal 

distribution) or Kruskal–Wallis test followed by Dunn’s test (Data with non-normal distribution) was 

used to assess statistical significance with GraphPad Prism 7. For quantification with two or more 

groups and groups that have subgroups, two-way ANOVA analysis was used to assess statistical 

significance with GraphPad Prism 7. Data for two-way ANOVA analysis were normally distributed 

(Shapiro-Wilk normality test). We have added this statement in the “Materials and Methods” section in 

the revised manuscript. Please see Page 21 in the “Statistics” section. 

Referee #3: Minor point  

Introduction, page 4. The sentence 'elevated expression of SATB2 correlates with poor patient 

survival' is repeated almost identical at the beginning of page 5. 

Response: We have removed this sentence as we removed the correlation data. We thank the 

reviewer for the insightful comments that helps us to improve the manuscript.   



11th Sep 20201st Revision - Editorial Decision

***** Reviewer's comments ***** 

Referee #1 (Remarks for Author): 

The authors have successfully addressed all my comments. There are only a couple minor points
that should be tweaked for added clarity. 

1) Authors have successfully performed the in vivo limit ing dilut ion assay confirming that silencing
SATB2 reduced the tumorigenic potent ial of GSCs. However, they should include stem cell
frequency among groups (using ELDA analysis) and not only medium survival. This should be
explained in the methodology sect ion.

2) In Table R1 shCBP reduces cell proliferat ion but in the figure legend this is described as cell
viability. Cell viability and cell proliferat ion are two different cell characterist ics.

Referee #3 (Comments on Novelty/Model System for Author): 

I confirm my comments to the first  version of the manuscript : 

Techincal quality/adequacy of model system: The in vit ro and in vivo models are adequate and the
experiments have been carefully conducted, and sat isfactorily and clearly described. 

The findings concerning the SATB2/CBP/FOXM1 are novel and mechanist ically appealing, as they
invest igate an area most ly unexplored in GBM but deserving at tent ion, as it  relates to chromat in
regulat ion, known to be often altered during gliomagenesis. 

11th Sep 2020 

Dear Prof. Bao, 

Thank you for the submission of your revised manuscript  to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it . As you will
see the reviewers are now globally support ive and I am pleased to inform you that we will be able to
accept your manuscript  pending the following final amendments: 

Medical impact: it  is unclear how SATB2 can be altered in glioblastomas; however, an inhibitor is
available to further assess the target ing of this pathway in preclinical models. 

Referee #3 (Remarks for Author): 

All the points I raised have been adequately addressed. I congratulate for the high quality of the
study and the revision. 
Please further consider these points: 



1- Fig. 1A and S2A-G: which kind of 'GBM specimens' are represented? They seem primary cell
cultures. Please specify in the figure legend or in the text .
2- In methods, please add the mRNA quant ificat ion methodology leading to the 'relat ive mRNA
level' represented in several graphs.
3- The result  presented in Fig. 3H, showing the persistence of SATB2 silencing after sh
transduct ion, should be presented at  the beginning and not at  the end of the paragraph.
4- Discussion, page 14. The added citat ion is appropriate, however the conclusion 'indicat ing that
FOXM1 may also be regulated by SATB2 in NPCs', in the absence of experimental evidence seems
overstated, and should be better removed.
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Responses to Reviewers’ Comments 

Referee #1 (Remarks for Author):  

The authors have successfully addressed all my comments. There are only a couple minor points that 

should be tweaked for added clarity.  

Response: We thank the reviewer for the positive comment and the additional suggestions. 

1) Authors have successfully performed the in vivo limiting dilution assay confirming that silencing 

SATB2 reduced the tumorigenic potential of GSCs. However, they should include stem cell frequency 

among groups (using ELDA analysis) and not only medium survival. This should be explained in the 

methodology section.  

Response: We have included the stem cell frequency in the result (Appendix Table S1).  We also 

added the description of the generation of stem cell frequency in the “Materials and Methods- In vivo 

limiting dilution assay” section (Page 18) of our revised manuscript. 

2) In Table R1 shCBP reduces cell proliferation but in the figure legend this is described as cell viability. 

Cell viability and cell proliferation are two different cell characteristics. 

Response: We apologized for the inappropriate description of the result. We used the cell viability 

assay in this experiment. Therefore, we changed the description of “cell proliferation” to “cell viability” 

in the result section of our revised manuscript. Please see the Lines 15-17 of 3
rd

 Paragraph at Page 11.

Referee #3 (Comments on Novelty/Model System for Author):  

I confirm my comments to the first version of the manuscript:  

Techincal quality/adequacy of model system: The in vitro and in vivo models are adequate and the 

experiments have been carefully conducted, and satisfactorily and clearly described.  

The findings concerning the SATB2/CBP/FOXM1 are novel and mechanistically appealing, as they 

investigate an area mostly unexplored in GBM but deserving attention, as it relates to chromatin 

regulation, known to be often altered during gliomagenesis.  

19th Sep 20202nd Authors' Response to Reviewers
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Medical impact: it is unclear how SATB2 can be altered in glioblastomas; however, an inhibitor is 

available to further assess the targeting of this pathway in preclinical models.  

Response: We thank the reviewer for the positive comments and the effort to review our manuscript. 

The reviewer is right. We still don’t know how SATB2 is altered in glioblastoma. We will address this 

point in the future. 

Referee #3 (Remarks for Author):  

All the points I raised have been adequately addressed. I congratulate for the high quality of the study 

and the revision.  

Response: We are very grateful for the positive comment from the reviewer. 

Please further consider these points: 

1- Fig. 1A and S2A-G: which kind of 'GBM specimens' are represented? They seem primary cell

cultures. Please specify in the figure legend or in the text.  

Response: We used the frozen tissue sections of human GBM surgical specimens to perform 

immunofluorescent staining in these figures. We have modified the previous description to 

“Immunofluorescence of ………..on frozen tissue sections of human GBM surgical specimens” in 

these figure legends. 

2- In methods, please add the mRNA quantification methodology leading to the 'relative mRNA level'

represented in several graphs.  

Response: We have added the methodology in the “Materials and methods” section of our revised 

manuscript. Please see the Line 3 of 1
st
 Paragraph at Page 19.

3- The result presented in Fig. 3H, showing the persistence of SATB2 silencing after sh transduction,

should be presented at the beginning and not at the end of the paragraph.  

Response: We have amended this part. Please see the Line 13 of 3
rd

 Paragraph at Page 7. Figures

were also moved forward accordingly. 

4- Discussion, page 14. The added citation is appropriate, however the conclusion 'indicating that

FOXM1 may also be regulated by SATB2 in NPCs', in the absence of experimental evidence seems 

overstated, and should be better removed. 

Response: We thank the reviewer for raising the point. We have removed this sentence. 



22nd Sep 20202nd Revision - Editorial Decision

The authors performed the requested changes.
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generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462, 
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for: 
a. Protein, DNA and RNA sequences 
b. Macromolecular structures 
c. Crystallographic data for small molecules 
d. Functional genomics data 
e. Proteomics and molecular interactions

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the 
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets 
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured 
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).
20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting 
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the 
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).
21. Computational models that are central and integral to a study should be shared without restrictions and provided in a 
machine-readable form.  The relevant accession numbers or links should be provided. When possible, standardized format 
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM 
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top 
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited 
in a public repository or included in supplementary information.

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

C- Reagents

D- Animal Models

E- Human Subjects

Glioma stem cells (GSCs) and Non-stem tumor cells (NSTCs ) were isolated from human primary 
GBM tumors or GBM xenografts and functionally characterized by our lab. 15167, 16157 and 
NHNP Neural Progenitor Cells (NPCs) were derived from human fetal brains by Lonza. NSC194 
NPCs derived from human fetal brain was obtained from McMaster University.  All cell
lines were authenticated by STR analysis and were assessed to be mycoplasma free.

Data were tested within SPSS. Non-parametric tests do not require data to have similar variances.

All the antibodies used were commercially available, well characterized and profiled for the use 
we performed. Detailed information (Manufacturer, Catalog number, or dilutions) is included in 
Materials and Methods section.

6-10 week-old female or male NSG mice (The Jackson laboratory, Cat # 005557, or from internal 
breeding by our animal facility) were used. Mice were housed under a 12-h light/12-h dark cycle in 
a temperature (20-26°C) and humidity (30%-70%) controlled environment and were fed ad libitum.

All animal procedures were approved by the Institutional Animal Care and Use Committee at 
Cleveland Clinic.

All animal studies were performed in compliance with the ARRIVE guidelines.

G- Dual use research of concern

F- Data Accessibility

All procedures performed using human tissues were approved by the ethics committee of 
University Hospitals and Cleveland Clinic.

Human specimens were collected with informed consent. All procedures follwed the tenets of the 
WMA Declaration of Helsinki and the Department of Health and Human Services Belmont Report.

N/A

N/A

Human samples collected at University Hospitals and Cleveland Clinic could not be used for 
commerical purposes.

N/A

N/A

N/A

We have included a Data availability section in manuscript and state that "The datasets produced 
in this study are available in the following databases: Microarray: Gene Expression Omnibus 
GSE154789 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE154789)."

N/A

N/A

N/A
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