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Supplementary Figures 

Supplementary Figure S1  

pNSCs from GCNF-/- embryos generate neurons, as do pNSCs from GCNF;/; embryos  

Each primary pNSC derived sphere from E7.5 GCNF+/+(A) or GCNF-/- (B) embryos was 

placed on a poly-O coated coverslip in media, which contains 1% fetal bovine serum 

without extra growth factors. Seventy-two hours later, cells were fixed and immunostained 

with anti-beta-III tubulin (TuJ-1) antibody. (Bar=20μm) (C) The frequency of spheres, 
which generated neurons, was similar in GCNF-/- and GCNF+/+ embryos.  
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Supplementary Figure S2  

 
Sox1 is up-regulated during the differentiation from ES cells to primitive nerural stem 

cells in both GCNF+/+ and -/- ES cells 

Relative sox-1 mRNA amounts in WT ES cells and pNSC derived neurospheres were 

quantified using real-time quantitative RT-PCR. Sox1 mRNA expression was increased in 

pNS, compared to ES cells of the same genotype suggesting a neural specification of the 

pNSCs. pNS; pNSC-derived neurospheres 
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Supplementary Figure S3 

 

Neural markers are detectable in pNSC-and dNSC-derived neurospheres. 

Qualitative RT-PCR analysis of the expression of GFAP and Neurogenin-2. β-actin was 
used for the internal control. Upon neural differentiation from ES cells to neural stem cells, 

both gfap and neurogenin-2 mRNAs were detectable in wild-type LIF-dependent primary 

primitive NSC-derived neurospheres. Delayed expression of GFAP in GCNF-/- cells 

suggests that NSC development is delayed by the lack of GCNF. 
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Supplementary Figure S4  

 

The increased numbers of pNSC-derived neurospheres from GCNF-/- ES cells are due 

to increased cell survival of pNSCs To test whether the increased pNSC-derived 

neurosphere from GCNF-/- ES cells was due to increased neural specification or increased 

cell survival of pNSCs, a direct short-term (24 hour) differentiation assay from ES cells 

was performed. Viable cells in the wells were stained by Hoechst 33342 and counted 

4hours and 24 hours later. Increased numbers of viable cells were also observed in GCNF-/- 

compared to GCNF+/+ cells at 24 hours after the placement in neurosphere conditions with 

LIF. 
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Supplementary Figure S5  

 

 

 

Both GCNF+/+ and GCNF-/- cells express Sox1 at 4 hours after plating into minimal 

condition 

Proportions of Sox-1 immunopositive ES cells plated into minimal condition. The numbers 

of cells that express Sox-1 were not changed in the GCNF-/- compared to GCNF+/+ cells 

both 4hours and 24hours after plating.  
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Supplementary Figure S6 

 

 

 

 

 

 

 

 

 

 

 

 

 

The surviving cells in neurosphere conditions express Sox1 at 4 hours later of plating. 

Proportions of Oct4 and Sox-1 immunopositive ES cells plated into neurosphere medium 

with LIF. The numbers of cells that express Oct4 and Sox-1 were not changed in the 

GCNF-/- compared to GCNF+/+ cells both 4hours and 24hours after plating. Most of the 

surviving cells in neurosphere conditions also expressed Sox1, but increased number of 

Oct4 positive cells were observed compared to the minimal conditions. 
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Supplementary Figure S7  

 

 

Expression of Nanog in ES cells and LIF-dependent pNSC derived neurospheres 

Relative nanog mRNA amounts in WT ES cells and pNSC-derived neurospheres were 

quantified using real-time quantitative RT-PCR. pNS; pNSC-derived neurospheres. 
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Supplementary Figure S8 

 
Expression of Nanog in GCNF-/- secondary pNS was suppressed by Nanog-siRNA 

Quantitative RT-PCR analysis of Nanog expression in secondary pNSC derived 

neurospheres (with/without Oct4 and Nanog siRNA lentiviral vectors) from GCNF-/- ES 

cells. Nanog was suppressed to 16% of that seen in control GCNF-/- neurospheres. 
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Supplementary Figure S9 

 

 

 

 

 

 

 

 

 

Oct4 protein is suppressed by Oct4-siRNA lentivirus 

Oct4 expressions in secondary FGF-dependent dNSC-derived neurospheres infected by 

Oct4 or control siRNA lentivirus at various MOIs were analyzed by immunoblotting. 

Oct4-siRNA lentivirus decreased Oct4 protein amount to 62% of control while 

control-siRNA virus did not decrease Oct4 protein amount. 
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Supplementary Figure S10 

 
 

Overexpression of Oct4 in the secondary spheres derived from wild-type ES cells 

After the infection of control or Oct4 overexpressing viruses, relative oct4 mRNA amounts 

in secondary neurospheres derived from WT ES cells cultured with LIF or FGF were 

quantified using real-time quantitative RT-PCR.  
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Supplementary Figure S11 

 
 

Oct4-overexpressing pNSCs eventually become dNSCs  

Since the Oct4 transgene is strongly silenced in differentiated cells, we divided 

Oct4-overexpressing LIF-dependent secondary pNSC cells in Fig. 4F into two groups (with 

or without additional infection of the Oct4 virus) to make tertiary colonies. Additional 

infection of Oct4-virus induced 22 times increased expression of Oct4 compared to the 

cells without additional Oct4-virus (data not shown). Although additional Oct4 virus 

increased the number of LIF-colonies, this was not sufficient to completely block the 

maturation of pNSCs to dNSCs. 
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Supplementary Figure S12  

 

 
 

 

(A) COUP-TF1 is upregulated in GCNF -/- dNSC-derived neurospheres.  

Quantitative RT-PCR analysis of COUP-TF1 expression in undifferentiated ES cells and 

pNSC derived neurospheres and dNSC derived neurospheres from GCNF+/+ and GCNF-/- 

ES cells. COUP-TF1 was upregulated in pNSC-derived neurospheres compared to ES cells, 

in both GCNF+/+ and -/- cells. Then COUP-TF1 was suppressed in dNSC-derived spheres 

in GCNF+/+ cells, while this decrease of COUP-TF1 in dNSC-derived cells was not 

observed in GCNF-/- cells. pNS; pNSC-derived neurospheres, dNS; dNSC-derived 

neurospheres 

(B) Hes-5 is upregulated in both GCNF+/+ and -/- dNSC derived neurospheres.  

Quantitative RT-PCR analysis of Hes-5 expression in undifferentiated ES cells and FGF 

dependent, secondary, dNSC derived neurospheres from GCNF+/+ and GCNF-/- ES cells. 

Hes-5 was upregulated in dNSC-derived neurospheres compared to ES cells, in both 

GCNF+/+ and -/- cells. 

 

pNS; pNSC-derived neurospheres, dNS; dNSC-derived neurospheres 
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Supplementary Table S1; Primers used in this study 

GCNF in situ-5’ ACCGCGCTACGGGCTTGC 

GCNF in situ-3’ TGGTCCAATGCTCTTGTT 

U6-5’ ACCGGTGATCCGACGCCGCCATCTCTAGGC 

U6-3’ CTCGAGCACAAACAAGGCTTTTCTCCAAG 

Oct4-siRNA-sense TCGATGTCTGAAGTCTTCCCTACAGGTGTGCTGTCCCTGTAGGGAGGGCTTCGGGCATTTTT 

Oct4-siRNA-antisense AATTAAAAATGCCCGAAGCCCTCCCTACAGGGACAGCACACCTGTAGGGAAGACTTCAGACA 

GFP-siRNA-sense TCGACGTGATCATATGGTCTTGTTGGTGTGCTGTCCCAGCAGGACCATGTGATCGCGTTTTT 

GFP-siRNA-antisense AATTAAAAACGCGATCACATGGTCCTGCTGGGACAGCACACCAACAAGACCATATGATCACG 

Nanog-siRNA-sense TCGAAGCTAGACTTGGATCAACTCAGGTGTGCTGTCCCTGGGTTGGTCCAAGTCTGGCTTTTTT 

Nanog-siRNA-antisense AATTAAAAAAGCCAGACTTGGACCAACCCAGGGACAGCACACCTGAGTTGATCCAAGTCTAGCT 

GCNF-siRNA-sense TCGACTAGTGGAGAGGCTGGCAGTTGGTGTGCTGTCCCAACTGTCAGTCTCTCCATTAGTTTTT 

GCNF-siRNA-antisense AATTAAAAACTAATGGAGAGACTGACAGTTGGGACAGCACACCAACTGCCAGCCTCTCCACTAG 

Oct4m1-siRNA-sense TCGATGTCTGAAGTCTTCCCTACAGGTGTGCTGTCCC TGTAGGGAGGGCTTCGGACATTTTT 

Oct4m1-siRNA-antisense AATTAAAAATGTCCGAAGCCCTCCCTACAGGGACAGCACACCTGTAGGGAAGACTTCAGACA 

Oct4m6-siRNA-sense TCGATGTCTTAAATCTTCACTCCAGGTGTGCTGTCCCTGGAGTGAAGGTTTAGGACA TTTTT 

Oct4m6-siRNA-antisense AATTAAAAATGTCCTAAACCTTCACTCCAGGGACAGCACACCTGGAGTGAAGATTTAAGACA 

Bisulfite PCR-forward GGGGAGGGAGAATTGAGAAT 

Bisulfite PCR-reverse TCCAATTCCAAACCCACCTA 

 


