Immunology 
Biol 465
Lab #7 :  Differentiation of cells in culture / visualizing  signal transduction

Lab 7 Protocol

Most of what you have learned about immune responses involves cells responding to  signals from their surroundings.  Antigen recognition (binding of antigen to cell surface receptors) is really the first step in initiating the protective mechanisms of cells of the immune system.  Binding of antigen or other signaling molecules starts a cascade of signal transduction which eventually leads to changes in gene expression and ultimately measurable changes in the cell’s characteristics and activities. We learned some of the general features of signal transduction in chapter 6 of your text. Signal transduction occurs in all cell types and allows cells to adapt and respond to changes in their environment.
Lab 7allows us to observe some changes in cell characteristics after treatment with a differentiation agent.  We will use the monocytes/macrophage cell line called THP-1 and mimic some of the signals a monocyte receives when differentiating into a macrophage.   Recall monocytes circulate in the blood, and then differentiate to macrophages which function both in innate immunity and in adaptive immunity.

Some of the features of macrophages:
· Adherent (grow attached to a surface)

· Have cell extensions/irregular membranes (not perfectly spherical )

· Directly engulf pathogens, dead cells, cell debris
· Expression of Fc receptors ---Can bind antibody-coated pathogens by interaction of Fc and Fc receptors on macrophage

Monocytes differ in most of these characteristics so these are useful measures of differentiation.  
The cell we will use is the THP-1 cell line. The cell line shows some characteristics of monocytes and some characteristics of macrophages. You used these cells in an earlier lab to practice cell culture technique and cell counting using the hemacytometer.  The differentiation agent we will use is  12-O-tetradecanoylphobol-13-acetate  called TPA or PMA.  It is a commonly used agent for promoting differentiation of cells in culture.
** Since the effects of signal transduction take some time to become evident, the lab exercise will be started as a group, but continued independently over time.  You will be asked to make observations outside of class.

The objective of Lab 7 is to recognize the plasticity of cells and to use some simple assays for observing changes in cells.   Even in an adult organism, most of our cells have the capability to “change course”—To alter their metabolism, to change shape or size, to gain new activities.  In most cases the change in course is the result of new gene expression which is induced by signal transduction.

THP-1 cells are most characteristic of monocytes, but they show some features of macrophages.  They are a cell line established from a human who developed acute monocytic leukemia (recall lab #3).  Leukemia cells are clones of a cell that lost cell division control  at a specific stage of development.  Part of the pathology of leukemia is that the patient accumulates cells that are arrested at an early stage in development and thus lack mature forms of specific hematopoietic cells.

Today we will observe the effect of a specific differentiation agent (TPA) on THP-1 cells.   We will attempt to directly or indirectly observe changes in THP-1 which are induced by TPA. We would expect changes associated with differentiation of monocytes to macrophages. ( Recall some of the characteristics of macrophages and  monocytes.

Protocol 
Part 1—Observing cells in culture---gross morphological/ growth behavior changes

Materials

· 2 cell culture plates

· 1 tube of TPA 1 X 10-5  Molar

· Flask of THP-1 cells

· Sterile cover slips

1. Wipe down the tissue culture hood in Moore 216
2. Label 1 culture plate +TPA and the other –TPA
3. Using sterile forceps, place a sterile cover slip in each plate
4. From the flask of THP-1 cells, draw up 3 ml and place in each culture plate.
5. Add 30 l TPA to the appropriate culture plate and gently swirl. (What is the final concentration of TPA in your cultures?
6. Place both plates carefully into CO2 incubator.
7. Observe, using the microscope in 216  at least 3X over the next  24 hrs. (no earlier than 2 hrs from now).
8. Sketch and describe as many of the differences as possible in your +TPA and –TPA plates.
**  You will be able to observe some pre-made plates that were treated with TPA (or not) last evening.  Take some time to compare treated and untreated cells.  Note differences in growth behavior, morphology and any other notable differences using the scope in room 216.
Part 2—Testing for cell surface proteins (Fc receptors)

· Materials 

· 1 tube TPA treated THP-1 cells mixed with IgG coated rbcs

· 1 tube untreated  THP-1 cells mixed with IgG coated rbcs
· Slides

· Cover slips

1. As a class we will spin down 1 ml of the cells in a microcentrifuge. (4000 rpm 10 minutes.  We will resuspend the cells in 250 l of media and use the concentrated cells to prepare slides for observation.

2.  Prepare a slide with 30 l of each cell mixture

3. Carefully place a coverslip over the drop, avoiding air bubbles if possible

4. Observe 10 fields on your own microscope, noting the formation of rosettes. Rosettes are THP-1 cells, surrounded by the RBCs.  (Dr. Super will show some examples.
How might this interaction be happening?   (Think of characteristics of macrophages).

5.  Note differences in THP-1 treated and untreated cells, if they are apparent.

Part 3----Demonstration of phagocytosis.  
Dr. Super will attempt to demonstrate ingestion of fluorescent E.coli by THP-1 cells.  Since this involves use of the fluorescence microscope (and it doesn’t always work!), it will be presented as a demonstration.


