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The functions of DUBs in cortical development is poorly understood 

The role of ubiquitination in neuronal development. 

The molecular mechanism of cortical development 

has been mostly focused on transcriptional regulation 

Post-translational regulation 

      Ex. deubiquitination 

How does Usp11 affect  
cortical development ? 

Usp11 
(Ubiquitin-specific  

protease 11) 

deubiquinitase 

Usp11 homozygous mutation was 

identified in patient with neurologic 

disorder and intellectual disability.  

Neuron  2015 Nov 4;88(3):499-513.   

? 

3 



Usp11 KO reduces the thickness of embryonic cortex 

Usp11 conventional knockout mice at P7  

L6 

L5 

L2-4 Cux1 

Ctip2 

Tbr1 

cortex marker 

These data suggest that Usp11 regulates layer 6 neurogenesis. 
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Disease-associated Usp11 mutant is defective in promoting 
 early neurogenesis and late born neural migration.  

Whether Usp11 RQ mutant is functionally 
impaired in cortical development ? 

in utero electroporation 

shUsp11  & 
Usp11 WT, Usp11 RQ 

IUE at E12.5  analyze at E15.5 IUE at E15.5  analyze at E18.5 

Neurogenesis Neuron migration 
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Usp11 affects RGC differentiation. 

Usp11 inhibits the differentiation of E12.5 RGC,  
but does not affect IPC.  

E12.5 E13.5 

EdU sacrifice 

L6 neurogenesis 
happens around E12.5  
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Usp11 functions in the layer 6 neurogenesis. 

E12.5 E15.5 

EdU sacrifice 

These data are also consistent with the reduced layer 6 
thickness observed in Usp11 knockout mice.   

Layer 6 neuron 

Layer 5 neuron 

6 



Usp11 KO impairs late-born neuron migration 

We determined the effect of Usp11 on late neurogenesis. 

Upper layer neurons Distribution 
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The dual roles of Usp11 in cortical development 

Early stage Late stage 

Layer 6  
neurons 

RGC 

differentiation migration 

neurons Usp11 Usp11 

neurons 

Loss of Usp11 in NPC  
 defect in Layer 6 neurogenesis  

Loss of Usp11 in post-mitotic neuron 
 defect in late born neuron migration  

Usp11 conditional knockout mice 
(cell autonomous effects) 

Emx1 :Usp11f/f Nex :Usp11f/f 
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Identification of Usp11 substrates using omics analyses 

mES derived neurons 

Ubiquitination level change 

Pull down  
by antibody LC-MS/MS 

Wild type Usp11 KO 

E17.5 cortex 

Protein expression change 

LC-MS/MS 

Sox11 is a transcriptional factor   
and critical for neurogenesis and neuron migration. 

 

J Neurosci. 2015 Jul 22; 35(29): 10629–10642. 
J Neurosci. 2016 May 25;36(21):5775-84. 

To determine the molecular mechanism of Usp11 in cortical development.  
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Usp11 binds and deubiquitinates Sox11 

In vitro deUb assay 

In vivo deUb assay 

Endogenous co-IP 

Sox11 is a substrate of Usp11. 
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Usp11-mediated Sox11 stabilization plays  
a major role in Sox11 induction during cortical development 

Transcriptional 
 regulation 

post-translational  
regulation 

Sox11  
expression  

previous We found 

To determine the importance of this post-translational mechanism. 
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Usp11 prevents Sox11 from proteasomal degradation. 

MG132: proteasome inhibitor 

CHX: Cycloheximide, protein synthesis inhibitor  

What is the outcome of Sox11 deubiquitination ? 
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Sox11 overexpression rescues the early and late 
cortical developmental defects of Usp11 knockdown 

Whether Sox11 contributes to  
the developmental defects of Usp11 KO?  

in utero electroporation 

 Usp11 shRNA & 
 Sox11 cDNA  

 Into NPC in vivo 

IUE at E15.5  analyze at E18.5 IUE at E12.5  analyze at E15.5 

Neurogenesis Neuron migration 
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The disease relevance of Usp11/Sox11 axis. 

v 

In vivo deUb assay 

Binding by co-IP 

stablization 

Previous study found Usp11 R241Q mutation in patient with 
corpus callosum agenesis, syntelencephaly and intellectual disability 
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Science Advances (revision submitted) 

Highlight:  
the importance of integration of protein stabilization mechanism 

 into transcriptional program for a developmental process. 
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How the expression of Usp11 is 
regulated during cortical development? 



Besides proliferation and differentiation, whether does 
Usp11 KO affect the cell death? 

What the details mechanism of usp11 mediated proliferation? 

In the detail, we found usp11 KO increase 

the length of cell cycle in E12.5 NPC by 

double labeling the BrdU and EdU. 

 

Therefore, increasing the cell cycle length 

results in increased cells staying in NPC.  

Conversely, fewer cells leave the cell cycle,  

so fewer cells differentiate into neurons. 

We have analyzed the cell death by TUNEL assay 

during cortical neurogenesis, and then, the data 

suggest that Usp11 knockout doesn’t affect the 

cell death. 


















