
Modeling Human 
Gliomas In Vitro
ANTHEA PHUONG

14 AUGUST 2015

NANOTECHNOLOGY LAB: DR. ELLENBOGEN, DR. KIEVIT,  DR. ZHANG



In vitro to in vivo
• A need for better in vitro models that mirror in vivo environments of gliomas
• Difficulties with transitioning from in vitro 2D models to in vivo
• 3D Chitosan-alginate (CA) scaffolds were tested and found to support cell growth 

that more closely matches in vivo tumors due to their porous properties
• Cells grown in CA scaffolds manifest a more malignant phenotype and develop 

higher cancer stem cell characteristics than those grown in 2D plates 

3D chitosan-alginate scaffolds
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The medical field is always trying to bridge the gap between bench and beside, This is especially true in finding better ways to treat human gliomas, a type of tumor that originates in the brain or spine and arises from glial cells. Before treatments and therapeutics are able to be used in vivo and tested in humans, they must first undergo in vitro tests. However, this transition between in vitro and in vivo poses a large challenge due to differences in cell behavior of those grown in vitro vs. in vivo.
In vitro cells used for testing are grown in 2D environments, such as well plates, contrary to actual gliomas that grow in the 3D environment of the brain. Studies found that cells grown in 2D plates express a lower malignant phenotype as those in vivo, which significantly affects and lowers the efficacy of drugs to be tested in vivo.
In order to bridge this gap, studies were done to make a 3D model for cells to grow in . It was found that Chitosan alginate scaffolds supported cell growth that more closely matches in vivo tumors. These scaffolds mirror the microenvironment of gliomas due to their porous properties. The cells grown in these scaffolds expressed a malignant phenotype much closer to in tumors and display higher characteristics of CSCs which play a role in tumor progression.



A need for better in vitro models that mirror in vivo environments of gliomas
2D models versus 3D models since in vivo is 3D, so 2D would not be the best representation. Also cells grown in 2D plates don’t express as a malignant phenotype as those in vivo so 2D does not translate well into real life
3D Chitosan-alginate (CA) scaffolds were tested and found to support cell growth that more closely matches in vivo tumors than in 2D plates
This is due to the porous environment it offers and the chemical make up is more similar to extracellular matrix. It also does not bring risk of pathogens into the microenvironment that could compromise the cells since it is non mammalian
In vivo cells manifest a more malignant phenotype than those grown in 2D plates; therefore a better extracellular model is needed for research of treatments




Objective
• To determine cell growth and behavior in 2D plates 

versus 3D chitosan hyaluronic acid (CHA) scaffolds 
with fluorescent imaging and analysis of differences 
in protein expression of U-87 human glioma cells 

• Hyaluronic acid is part of the extracellular 
environment of tumors

• Target proteins that will be analyzed are the 
following:

• CD44 is a glycoprotein that plays a role in 
metastasis, adhesion, and angiogenesis. It’s also a 
receptor for hyaluronic acid that signals pathways 
affecting tumor progression and invasion.

• Nestin is a protein associated with malignancy 
and serves as a marker for cancer stem cells

Toole, Clin Cancer Res. 
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Due to the success with the CA scaffolds, more studies can be done on scaffolds with slightly different chemical makeups, which I was able to do this summer.
My goal 

To determine differences in protein expression between U-87 human glioma cells grown in 2D plates and 3D chitosan hyaluronic acid  scaffolds
Why hyaluronic acid? It is present in the extracellular environment where tumors are found. Therefore adding HA to the scaffolds may better mirror the microenvironment of tumors even more.
Target proteins that will be analyzed are the following: CD44, beta actin, ID1
CD44:
Beta actin:
ID1:




Process
• Culture U-87 cell line in both 2D well plates and 3D CHA scaffolds
• Image cells over a 10 day period to observe cell growth in the two environments
• Determine proteins present and relative quantities by running Western Blot

Cells in 2D wells Cells in scaffolds
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Culture U87 cells in both 2D well plates and 3D CHA scaffolds
Lysate cells and run samples in western blot
Determine which proteins are expressed in 2D versus CHA scaffold




Day 1 Day 2 Day 3 Day 4

Day 7 Day 8 Day 9 Day 10

4X:  U-87 cells in 2D plates

250 µm

*cells on the edge of well plate 
overgrow and become confluent
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Cells steadily express RFP.
As you can see, each red dot is a cell.



Day 1  Day 2  Day 3 Day 4  

Day 7 Day 8  Day 9  Day 10   

20X:  U-87 cells in 2D plates

250 µm



Day 1 Day 2 Day 3 Day 4

Day 7 Day 8 Day 9 Day 10

4X:  U-87 cells in CHA scaffolds

250 µm
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Day 1  Day 2  Day 3 Day 4

Day 7 Day 8 Day 9 Day 10 

20X:  U-87 cells in CHA scaffolds

10x

250 µm

1 mm



Western Blot 
• Lyse cells to release proteins 
• Separate proteins through electrophoresis
• Transfer proteins onto a membrane
• Probe protein of interest with antibodies
• Develop membrane with chemiluminescent substrate 
• The light is detected and is used to compare quantity of protein present

Western Blot

Separate 
proteins on gel 
and transfer to 
membrane



Results
• Nestin had increased expression in CHA scaffolds compared to 2D plates
• CD44 had decreased expression in CHA scaffolds compared to 2D plates
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*Beta actin is a control protein that does not behave differently between 2D and 3D environments and can 
be used to calibrate other protein quantities.

Nestin CD44
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Beta actin is a control protein that does not behave differently between 2D and 3D environments and can be used to calibrate other protein quantities.




Conclusion/Discussion
Dr. O

livier Preynat-Seauve, 3R Research Foundation

• CHA scaffolds support growth of tumor spheres, 
more similar to in vivo growth

• U-87 cells in scaffolds exhibit higher cancer stem 
cell characteristics as indicated by Nestin

• Unexpected decrease in CD44 expression 
possibly due to CD44 still attached to the 
hyaluronic acid in the scaffolds and was unable 
to be pulled out into lysate

• Follow-up tests needed to confirm cell behavior
• Use of 3D scaffolds could lead to 

- treatment with higher efficacy
- less mice used and killed in the process
- cheaper alternative for testing

Presenter
Presentation Notes
If theses scaffolds could be optimized to mirror in vivo environments,then better treatments can be developed in vitro thru using these scaffolds and less mice would be used and killed in the process. Furthermore, these scaffolds provide a cheaper alternative for growing cells that resemble in vivo cells rather than always using mice for in vivo testing.
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