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Traumatic Brain Injury & Stroke
Blood vessel blockage –
less O2 and/or glucose

Brain Damage

Cell death & apoptosis
Inflammation

Necrotic core formation

Destroyed architecture
Glial scarring

STROKE



Neurogenesis After Stroke and Role in Recovery

• Neural Stem Cells (NSCs) 
pluripotent

• Subventricular zone & dentate
gyrus

• Migrate to injured site via
rostral migratory stream (RMS)

Site of injury Sox9 expression

Neurogenesis, 
Angiogenesis & 

Recovery
NSC

Image modified from:
Bellenchi GC et al. “Adult neural stem cells: an endogenous tool to repair brain
injury?”  Journal of Neurochemistry, vol 14, 2nd edition, 2012, p 159-67. 



Lineage Tracing Mice

• Follows SOX9 progenitors
• See astrocyte & neural 

stroke response 
• Novel technique – testing

• Sox9 – neural stem cells,  
astrocytes, gliogenesis

From unpublished paper, edited from:
Mihalas, Anca B. et al. “Intermediate Progenitor Cohorts Differentially Generate Cortical Layers and 
Require Tbr2 for Timely Acquisition of Neuronal Subtype Identity.” Cell reports 16.1 (2016): 92–105. PMC. 



Objectives of Study

• Characterize frontal cortex & hippocampal response to stroke using a 
mouse model

• Determine effectiveness of sox9 lineage tracing mice for assessing
gliogenic & neurogenic responses to stroke



Markers & Roles 

Mihalas, Anca B. et al. “Intermediate Progenitor Cohorts Differentially Generate Cortical Layers and Require Tbr2 
for Timely Acquisition of Neuronal Subtype Identity.” Cell reports 16.1 (2016): 92–105. PMC. Web. 9 Aug. 2016.

• Reelin- glutamatergic cells in 
radial migration

• Tbr1- transcription factor
• Ctip2- subcortical projecting

neurons
• Satb2- callosal projecting

neurons
• Cux1- dendritic branching, 

spine formation
• BRDU- cell birth



Brains collected
@ 4 weeks

Tamoxifen injections
Immediate & day after

Methods

SOX9

TBR2

Non-lineage

Bilateral common
carotid artery

occlusion (stroke)
10-12min

Cutting in cryostat

Immunohistochemistry

Mosaics imaging

GIMP

ImageJ

Microsoft Excel

Adult Mice



Non-Lineage Traced
Mice Show Reduced
Cortical Layer
Expression After Stroke

Ce
lls

pe
r m

ic
ro

m
et

er
sq

ua
re

d

0

0.002

0.004

0.006

0.008

0.01

0.012

ctip2 SatB2 cux1 reelin TBR1

Cell Expression of Cortex Markers Per 
Micrometer Squared

Sham Brain

Stroke Brain



Stroke Brains Demonstrate Increased
Neurogenesis in SVZ after Stroke
Sham Brain Stroke Brain

BRDU
DAPI



DENTATE GYRUS SUBVENTRICULAR ZONE (SVZ)

Sox 9 Lineage Tracing Mice
Successfully Labels Progenitors DAPI

SOX9 RFP
αSOX9

NSC Ependymal Choroid
Plexus
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Sox 9 Lineage Tracing Mice
Successfully Labels Progenitors DAPI

SOX9

CEREBELLUM FRONTAL CORTEX

Bergmann Glia

Astrocyte
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Conclusion

• Cortical layer expression reduced across the board after stroke
though neurogenesis is greater after stroke (BRDU)

• Sox9 lineage tracing can label newly generated cells in stroke mice;
• Ependymal cells
• Choroid plexus
• Astrocytes
• NSCs
• Neurons



• TBR2 cre mice – cut, stain & image
• Additional data for Sox9 brains
• Age changes
• Treatment investigation

• Stimulating neurogenesis into necrotic core
• Preventing necrotic core/glial scarring

Future Directions
ADDITIONAL BRAINS TO CUT 
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