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Background 

Radial Glia Progenitor Cells (RGP’s)
- Produce neurons and glia

- Divide at ventricular surface, express Pax6
- Produce all of the cortical neurons

- Have properties of neural stem cells

Hevner et. al, 2006
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regular progenitors.
here’s sox9.
Sox9 immunofluorescence at 14.5
radial columns
Also self-reproduces (IPCs), divides

Put a sox9 box on the figure, to the left of Tbr2

Use pointer to show the radial glia progenitors.
Put picture on.





Radial Unit Hypothesis 
● E11 Tmx to P0
● Sagittal view of neocortex

Hevner Lab Unpublished
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Cortex Formation
● Formed through an “inside-out” process
● Begins with a layer of neuroepithelial cells
● Around E10.5, these split and layers are formed with earliest born on the 

bottom and latest born on top 

Dehay et al., 2007
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-The cortex is formed through an “inside-out” process
-Cortex formation begins with a layer of neuroepithelial cells
-Around late embryonic day 10 and early embryonic day 11, these split, leaving Cajal-Rezius cells on top and subplate neurons on the bottom. Layers 2-5 are then formed with the earliest born neurons on the bottom and the latest born neurons on the top.



Inducible Cre Lineage Tracer Mouse

Sox9 Tbr2

● Cross of Sox9CreER 
and Ai14; found in 
radial glia progenitor 
cells 

● Tamoxifen is 
administered and 
induces Cre activity, 
which turns on RFP 
gene

● After being induced, 
any neurons derived 
from these radial glia 
progenitor cells (Sox9) 
will be stained red in 
immunohistochemistryHevner Lab Unpublished 

Images of E14 mouse brain

Sox9Tbr2
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-Inducible Model
-The mice are crossed with CreERSox9 (recombinase) and Ai14 (reporter).
-The CreERSox9 and Ai14 have a stop codon between them, which is surrounded by two LoxP sites.The CreERSox9 complex is inactive until the mouse is induced with Tamoxifen, a synthetic analogue to estrogen. After being induced, the Cre is activated and binds to the LoxP sites, which removes the stop codon and turns on the Red Fluorescent protein. When both CreERSox9 and Ai14 are present in a cell, the cell will be red.
-This model is used to trace cells that are Sox9 derived.
-In reference to the “Intermediate Progenitor Cells Express Tbr2” paper, the Sox9 traces the same population as those cells labeled by Pax6. These cells, radial glia progenitors migrate upward from the ventricular zone into the cortical plate as it develops.
-Sox9 is only expressed in radial glia progenitors
-In immunohistochemical staining, the cells labeled red are Sox9 derived cells and are from the radial glia progenitor population found in the ventricular zone 

Put in Sox9 image in E11, E13, E16




What is our project?
● To determine which 

laminar layer cells, 
derived from RGP’s, 
migrate to during 
corticogenesis.

Hevner Lab Unpublished
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Trace lineage of RGPs and determine which cortical neuron types they produce at each age

What we are trying to look for is to trace the lineage of RGPs  throughout the cortical layers in corticogenesis through RFP, which is made in rabbit, and Ctip2 and Reln, which are derived from mouse and rat. 
Through labeling IPC’s with RFP, it is to indicate whether these cells are present throughout all layers of the cortex.
Ctip2 and Reln are labeled in green to indicate its presence in layers 1 (Reln) and 5 (Ctip2).
Ctip2 and Reln successfully stained our samples, while other markers derived from rabbit didn’t.
Some cells will be labeled yellow to show the colocalization between the IPC’s and labeled cells (either Ctip2 or Reln) to indicate the derivation of Ctip2/Reln from IPC’s. 
To determine which layers cells derived from RGPs migrate to during corticogenesis.



Methods
1. Immunohistochemistry
2. Imaging
3. Image analysis

Layer Antigen Species

L1 Reln** mouse

L2/L3 Cux1**(didn’t work), Satb2 rabbit

L4 Satb2 (didn’t use) rabbit

L5 Ctip2** rat

L6 Tbr1** (didn’t use) rabbit

Hevner Lab Unpublished

Antigens used for layer markers in IHC:
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IHC: Double labeling immunofluorescence 
Imaging: Zeiss Imager Axio Z1 model with MosaiX software to acquire our images
Image Analysis: Cell counting and bins used to determine layer and co-labeling

Image of the different laminar markers as reference


Image from “Beyond Laminar Layers” to show what the table says.



Immunohistochemistry (IHC)
● A staining method used to 

detect specific proteins
● Blocking: reduces the 

background and nonspecific 
sites

● Primary Antibody
● Antigen specific 
● Secondary antibody
● Contains a fluorophore that aids 

in detection by attaching itself to 
the primary antibody

● http://www.pierce-
antibodies.com/products/secondary-antibodies/ http://stevegallik.org/images/immunohistochemi

stry.png
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As mentioned in the methods slide, we used immunohistochemistry as one of the main processes in our research.
What IHC is

Can Secondary antibody be condensed to: “Fluorophore detects antigens by attaching to primary antibody”?

- binds onto the antigen of interest in the tissue sample



Image Analysis
● All images are of a P0 mouse 

brain
● Our slide ages “E11,” “E13” and 

“E16” refer to the date Tamoxifen 
was administered
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After completing an immuno, we then took the slides to the microscope for imaging. Using the Axiovision along with the MosaiX software, we were able to acquire an image that looked like this, showing the cortical plate from the pia, which is on top, to the ventricle,the black which was our main area of focus.
We then opened the image in photoshop and at times, optimized the image to bring out certain colors so that they could be better seen during cell counting.

When you gave tamoxifen, explain what each of the colors are and what they trace.



Image Analysis

High mag 
image of 
colocalized 
Ctip2 and 
RFP

High mag image 
of colocalized 
Reln and RFP
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Our next step was to draw a grid to form the 10 bins which make cell counting an objective process.
We did this by first outlining the pial surface and then by drawing a line to show the bottom of the 6th layer, which in this image is done by identifying cells which go sideways.
Then, we pasted in these lines, which have 10 equal parts and expanded them so that they connected our previously drawn lines.
Finally, we connected the dots on our lines and had our finished grid system for counting.

To count cells, we went through and separated the different layers of the image to identify which cells truly had a signal versus background. We used the pencil tool to dot the cells we counted and we were careful to look for yellow cells, which meant that there was colocalization. 

The slide shows high mag images of colocalized Reln and RFP and then at the bottom, Ctip2 and RFP. Reln is a cytoplasmic stain, so when we look for the Cajal-Rezius cells, we look for the fried egg effect, with green surrounding a blue or red nucleus, depending on which layer of the image you are looking at.
Ctip2 is a nuclear stain, so when counting, you sort through the layers to confirm that the cells expressing either red or green are also in blue, which is DAPI that stains the nucleus of each cell on the slide.


Label things. “we find the coloalization, which means that the radial glia cell that was there at E11 which divided and created more cells, one of which was a Cajal Rezius.

Work to tie things together. Explain in Slide 7, “reln at the top of the cortex”



Image Analysis
1

10
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After we had completed dotting all of the cells, we implemented a black fill layer so that we could more clearly see our grid lines and the cells we had dotted.

We then counted the number of each color of cells according to which bin they were in and compiled our numbers on a data sheet.

In order to find the area of the grid we counted, we used a program called ImageJ which gave us the area measurements of each bin.

In the next three slides, we will be showing colocalization with RFP and radial glia progenitors,

Put a 1 and a 10 bin layer marker



Results: Reln at E11
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Explain that they were induced at E11 and then imaged at P0 E11 Tmx

Bin 1 is pia, Bin 10 is subplate. Number 1 and 10 in the bin slide.
Reln cells from E11 RGPs.

Show “fill-layer” picture, not raw image for all of them.

Say that you collected the images and did the immunos. Then people can ask you.

Match all of the axis’  Label the axis’

Use the image to explain that the experiment shows that early progenitors give rise to neurons throughout the cortex.

Focus on the really high quality images.

Say a few words about each of them. “the detection of ___ and no colocalization” lead to your conclusion



Results: Reln at E13 and E16
E13

E16
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You can get rid of this image.



Results: Ctip2 at E11
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Good image. 

A lot of cells produced from the E11 radial glia progenitors. Many layer 5 cells.



Results: Ctip2 at E13 and E16

E13

E16
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Discussion
-Early progenitor cells 
produce all cortical 
layers and late 
progenitors have more 
restricted fates.
-For future directions, 
these mice will be used 
for clonal lineage 
tracing by reducing 
tamoxifen dose.

Hevner Unpublished Data

Presenter
Presentation Notes
Restate.
“Cells derived from sox9 population are in this layer at this age.”

boil this down to 1-2 statements.  Have a nice picture. Show the columns and explain them.

-Early progenitor cells produce all cortical layers and late progenitors have more restricted fates.
-For future directions, these mice will be used for clonal lineage tracing by reducing tamoxifen dose.
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