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Results (cont.):

Astrocyte culturing procedures produced relatively pure populations of astrocytes from 

different brain regions. The number of cells stained with each antibody were counted and 

divided by the total number of DAPI stained cells to give the percentage of antibody 

expressing cells in each image.  

These results demonstrate extensive GFAP- immunoreactivity, indicative of relatively 

pure populations of astrocytes.  In future experiments we will use those cultures demonstrating 

at least 95% purity in GFAP labeling (PN2#1 and PN2#2 hippocampal astrocytes).

NHNPs (normal human neural progenitors) were extensively labeled with Nestin (Fig. 

2a-c) and TUJ1 (Fig. 2d-f) antibodies.  Very few cells were stained with GFAP.  These results 

demonstrate that the NHNPs, although being multipotent in nature, have a greater capacity to 

produce neurons (TUJ1-IR) rather than glial cells (GFAP-IR).  Because this was the initial 

screen on these cells, it will be replicated at least two more times for conformation.  A possible 

explanation for the lack of GFAP-IR is that these cells are becoming a neuronal progenitor line 

and will only differentiate into neurons and not glial cells.

Discussion and Conclusions:
Astrocytes from different areas secrete different factors that may influence neural 

progenitor cell differentiation.  Our lab is investigating astrocyte-derived factors that may 

stimulate neurogenesis of neural progenitor cells.  Learning how to stimulate differentiation 

into neurons by astrocytes is very important in the research of NPCs and stem cell therapy.  

One goal is that we will learn how to transplant these neural progenitor cells into areas of 

damaged nerves or neurons and be able to stimulate them to differentiate into new neurons to 

repair the damage.  The characterizations of NPCs and astrocytes show that the NPCs are 

multipotent and which astrocytes are appropriate for further experimentation.  These 

characterizations will allow for further research to move toward reaching this goal.
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Introduction:
It has been found that astrocytes secrete factors that influence the differentiation of neural 

progenitor cells (NPCs) into neurons.  In order to study astrocytes’ effects on neuronal 

differentiation, astrocytes themselves need to be studied.  The first objective of this project was 

to characterize astrocytes from different areas of the brain.  This is important because 

astrocytes from different regions of the brain may possess different characteristics.  

NPCs are multipotent cells from the central nervous system (CNS) that are capable of 

differentiating into neurons and glial cells.  The second objective of this project was to 

characterize normal human neural progenitors (NHNPs), a type of NPC, to better understand 

their differentiation patterns. 

Materials and Methods:
Astrocyte and NHNP cultures:

Astrocytes were dissected from different areas of rat brains [hippocampus (HC), 

cerebellum (CBL), and cortex (CR) of postnatal day 2 (PN2) rats and cortex of embryonic day 

17 (E17) rats]. Cortical NHNPs were purchased from Cambrex BioSciences.

Immunocytochemical Procedure (ICCs):  

The cells were plated onto coverslips and fixed with 4% paraformaldehyde for 20-40 

minutes.  The coverslips were then incubated in blocking solution for 60-90 minutes to reduce 

non-specific labeling.  After that incubation they were incubated in primary antibody, diluted 

with blocker. (See Table 1)  This incubation was 2 hours at room temperature for astrocytes 

and overnight at 4C for NHNPs.  The secondary antibody (Donkey anti-Mouse Cy-3) and 

DAPI stain were also diluted with blocker and incubated for 60-90 minutes at room 

temperature, in the dark.  Between each step there were several washes, all done with PBS.  

After the final washes the coverslips were mounted onto slides using Vectashield. As a control, 

samples were incubated in secondary but not primary antibody and no specific antibody 

labeling was observed under these conditions.

Imaging:

The slides were observed under the Nikon Microphot fluorescence microscope.  The 

Qcapturing program and Retiga 2000R Fast 1394 camera were used to capture images.  

Images were taken from 8 fields of each GFAP coverslip and 6 fields of each other coverslip. 

Images were then adjusted in Photoshop, and the DAPI and antibody images from same fields 

were merged.  The new images were then prepared for presentation using Freehand.

Results:

Primary and Secondary Antibodies

Cell Type GFAP+ TUJ1+ RIP+ Nestin+

E17#1 cortical astrocytes 84.77% 84.97% 0% 81.00%

E17#2 cortical astrocytes 94.87% 24.94% 0% 13.85%

PN2#1 cerebellar astrocytes 83.40% 0% 0% 71.13%

PN2#1 cortical astrocytes 89.06% 0% 0% 86.10%

PN2#1 hippocampal astrocytes 98.86% 9.09% 0% 84.95%

PN2#2 cerebellar astrocytes 93.47% 37.04% 0% 40.87%

PN2#2 cortical astrocytes 94.39% 0% 0% 13.06%

PN2#2 hippocampal astrocytes 95.41% 6% 0% 33.33%

Antibodies/Stains Antigen Labels Concentration

Primary Antibodies

Nestin Type VI Intermediate Filament Protein Neural Progenitor Cells 1:500 or 1:200

GFAP Glial Fibrillary Acidic Protein Astrocytes 1:500

TUJ1 Class III β Tubulin Young Neurons 1:200

RIP Receptor Interacting Protein Oligodendrocytes 1:100

Map2ab Microtubule Associated Protein 2ab Neurons 1:200

Secondary Antibody

Donkey anti-Mouse Cy-3 Mouse Primary Antibody 1:500

Nuclear Stain

DAPI(4',6-diamidino-2-

phenylindole)

Nuclei 1:100

Immunoreactivity of Brain-Derived Astrocytes

Characterization of Brain-Derived Astrocytes

Figure 1: Astrocytes from 
different brain regions label with 
GFAP. Figures A, B, and C 
represent the hippocampal 
astrocytes from PN2 rat number 
one. Figure A shows 
the anti-GFAP staining, Figure B 
shows the DAPI staining, and 
Figure C is the merged image. 
The merged image is used to 
determine the percentage of 
cells in the field that are GFAP-
labeled.  Figures D, E, and F are 
all merged images.  Figure D, 
GFAP-immunoreactivity (IR) in 
cortical astrocytes.  Figure E, 
GFAP-IR cerebellar astrocytes.  
Figure F, TUJ1-IR for neuronal 
differentiation in E17 rat cortical 
cultures. This TUJ1 image 
shows that there is sometimes 
other cell-types contaminating 
what should be pure astrocyte 
cultures.

Initial Characterization of NHNPs

Figure 2:  NHNP 
cultures were extensively 
labeled with Nestin (NPC 
marker) and TUJ1 
(neuronal marker) 
antibodies. Figures A, B, 
and C represent an anti-
Nestin stained culture, 
grown in maintenance 
media.  Figure A shows 
the anti-Nestin staining, 
Figure B shows the DAPI
staining, and Figure C is 
the merged image.  The 
merged images show 
which cells (all are 
stained with DAPI) are 
stained with antibody.  
This can be used to 
determine the 
percentage of antibody-
labeled cells. Figures D, 
E, and F represent a 
TUJ1 stained culture, 
maintained in  
differentiation media. 

Characterization of Astrocytes and Neural Progenitor Cells
Mario Valentino and Zhou Feng

Washington University in St.Louis, MO.


