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The Big Picture

• Tbr2 = EOMES
• Question: What is the role of 

the Tbr2 transcription factor 
in cerebellar neurogenesis?

Presenter
Presentation Notes
My project is aimed at determining the role of the T-box transcription factor Tbr2 (or EOMES) in Unipolar Brush Cells in the cerebellum. Tbr2 dysfunction in humans has been observed only once and resulted in microcephaly, a smaller cerebellum, corpus callosum agenesis, seizures, and cognitive impairments.



What is Tbr2?

• T-box brain protein

• Transcription factor in neurogenesis

• Tbr2 expressed transiently in 3 types 
of cells during development of the 
cerebellum:

• DCN
• Granule neurons
• Unipolar Brush Cells remain 

Tbr2+ into adulthood

Presenter
Presentation Notes
DCN: Tbr1 positive as adults
Granule Neurons: Pax6 positive as adults
Let me direct your attention to the figure on the left. The colored bars on the bottom represent time from left to right. As Tbr2 (the red bar) starts to be expressed, the unipolar brush cells migrate outwards from the rhombic lip (RL region) and through the developing white matter.

We want to see what is happening to the Unipolar Brush Cells as time goes on.



What are Unipolar Brush Cells (UBCs)?

• Glutamatergic interneurons with complex morphologies

• Located in the internal granular layer of the cerebellum

• Express Tbr2

• 2 types:
• Type I: Calretinin+
• Type II: mGluR1α+

• Typical morphology: cell body with a single dendrite and 
a brush of dendrioles

Tbr2
DsRed
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Presentation Notes
DsRed labeling: We used lineage tracing to introduce a reporter gene into the Tbr2 locus to label UBCs.
mGluR1alpha is a marker for the metabotropic glutamate receptor. (Metabotropic are linked through G-proteins, and are NOT ion channels themselves)

UBCs are actually not as morphologically simple as originally thought…



Two Methods

Tbr2 cKO mouse
• Observations: No ataxia or gross 

cerebellar malformations

Tbr2 lineage tracer mouse
• Label all cells that come from the Tbr2 

lineage: the UBCs

http://nightsea.com/wp-content/uploads/2011/09/mouse_composite.jpghttp://www.animalresearch.info/files/2014/1865/5563/mouse_white_black_background_2charwell.jpg

Presenter
Presentation Notes
Total knockout dies at E5 due to gastrulation defects
Conditional knockout required
cKO = conditional knockout. Need to use the cKO because the pure knockout has been proven to be lethal around E5 because of gastrulation defects. Our cKO knocks out the Tbr2 gene at E11.

Label progenitors because they express Tbr2 when you hit it with tamoxifen. Usually injected Tam at E18 (or E17) because that’s expected to be the peak of UBC development



UBCs have more complex morphologies
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Left: bipolar
Middle: Single, bifurcating dendrite



P2 cKO Calretinin
DAPI
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Cell death in the Tbr2 cKO
Tbr2 WT Tbr2 cKOCalretinin
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Cell death in the Tbr2 cKO
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Though we aren’t detecting very many Calretinin+ cells dying, it is still possible.



Cerebellar foliation in the Tbr2 cKO
DAPI DAPITbr2 WT Tbr2 cKO



Conclusions
• Unlike previously thought, UBCs have more complex morphologies

• Type I UBCs are formed during development but die into adulthood, timing unknown

• Gross cerebellar morphology is not affected in the Tbr2 cKO, but increased foliation is 
apparent



Future Directions
• Exploration of UBCs and their interactions

• Timing and quantification of Type I Calretinin+ and Type II UBC death into 
adulthood in the Tbr2 cKO

• Further quantification of cerebellar foliation in the Tbr2 cKO
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