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Growing in 3D:  Taking Cells to a New Dimension 
Curriculum Module 

 
This module was designed for students in high school, 12

th
 grade (10-12

th
 grade).   

 

Goals:  1. Students will learn the importance and need for cell culture. 

 

2. Students will learn the importance and need for sterile environments for 

cell proliferation through practicing aseptic technique. 

                                                 

Objectives: Students will gain the understanding for the need for aseptic environment and 

what techniques can be used to achieve this. 

 

Students will build on previous knowledge of what a cell is and learn how cells 

can grow outside the body (in vitro versus in vivo). 

 

Students will know what the extracellular matrix (ECM) is and why it’s necessary 

for cell growth. 

 

Students will understand what two-dimensional and three-dimensional cell culture 

is, its differences, & importance. 

  

Students will understand what scaffolds and hydrogels are and their properties or 

characteristics needed for culturing cells.  

 

   Students will understand the importance for cell seeding in 2D & 3D culture. 

 

Engineering  

Connection: Exploring life at the cellular level is exciting for all scientists.  The molecular 

world is for a biological engineer, what the new frontier was to Lewis & Clark.   

Exploring this new world provides the opportunity to improve and emulate one of 

the most complex systems nature has ever developed – the human body.  From 

the development of plating cells on a monolayer, engineers are now able to 

culture patient-specific tracheas ex vivo by de-cellularising non-functional 

tracheas.    

  

Related  

Areas: Organ Culture, Rapid Prototyping, Extracellular Matrix, Systems Biology, Cell 

Adhesion, Cell Proliferation/Mitosis/Cell Growth, Cellular Interactions   

 

Materials: Pipet, Pipet tips, Beaker, Water, Duraform PA scaffold, Agar, GFP transformed 

bacteria, Bunsen burner, 70% ethanol, 10% bleach, Six-well plates,  
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Overview: This lesson will take 60 minutes to complete.  Students will have already learned 

the basic concept of cells, its role in the body and its developmental path into 

organs.  They will also know about cell respiration and metabolism and tie into 

how these processes are essential for cell culture.  During this period students will 

be briefly introduced to cell culture (two-dimensional and three-dimensional) and 

aseptic condition.  The class will explore three-dimensional cell culture more in 

depth by discussing the extracellular matrix, scaffolds and hydrogels.  A hands-

on-activity will also be done in order to better understand the nature of scaffolds 

and hydrogels.    

 

Content: Terms- Cell Culture (two-dimensional & three-dimensional), Aseptic Condition, 

Contamination, Cell Proliferation, Extracellular Matrix, Scaffold, Hydrogel, Cell 

Seeding, Hemocytometer 

 

  

Each topic will be discussed briefly to give an overview of the research.  Start off 

asking what the class has learned about cell respiration and metabolism.  Ask how 

these processes relate to cell growth; then introduce the topic of cell culture.  

Discuss two-dimensional cell culture and the need for aseptic technique.  Call on 

someone from the class to demonstrate their idea of aseptic technique used for 

microbiological practices, and correct if necessary.  Next is introduction to three-

dimensional cell culture.  Start with using a top-down approach to understanding 

what is essential to 3D culture, cellular interaction (start with organs, to 

interactions of tissues to interactions of cells). Show pictures to illustrate this by 

PowerPoint.  Ask the class what properties they think would be useful for 3D 

culture.  Then introduce use of duraform pa scaffold and agarose hydrogel for 3D 

culture.  Have the class make up 3D culture using GFP fluorescent bacteria 

instead of mammalian cells.  A cultured 3D culture of GFP bacteria would be 

ready before the class and shown after the students finish plating their cells to 

demonstrate what it would look like the next day or two.  Since a hemocytometer 

may not be available for use, using a diagram of one with white & blue colored 

cells as an example to perform cell counting (even though this is not what is done 

to count bacterial cells).  As a close, students will write down their final thoughts, 

questions and one or two ideas they can think of to achieve three-dimensional cell 

culture.           
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conclusions or recommendations expressed in this material are those of the author and do not necessarily reflect the view of the National Science 
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