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1. 	Preparation of materials and dissection

1.1. To begin, put on appropriate protective clothing and laboratory gloves and the appropriate protective equipment [1-WIDE]. Next, wash a pair of forceps and dissecting scissors first with a detergent and then and forceps with 70% ethanol [2-CU] and then wipe the dry them with a clean paper towel [3-MED].

1.1.1. Talent putting on gloves and lab coat Videographer note: take 1 MED, take 2 CU
1.1.1B Added shot: Talent cleaning scissors and forceps with detergent
1.1.2. Talent spraying scissors and forceps with 70% ethanol 

1.1.3. Talent drying scissors and forceps with a paper towel

1.2. Prepare 50 milliliters of Hank’s Balanced Salt Solution, or HBSS, with a 2% concentration of fetal calf serum, or FCS, by combining 1 milliliter of FCS with 49 milliliters of HBSS in a 50-milliliter tube [1-MED-TEXT]. Mix by gently pipetting the solution up and down approximately 10 times [2-CU].

1.2.1. Talent combines solutions
1.2.2. Talent mixes the solution 

1.3. Then, isolate mouse spleen cells as demonstrated in the video protocol for FACS isolation of splenic B lymphocytes [1-TEXT].

1.3.1. Use footage from FACS B lymphocyte protocol; Use 1.4.2, 1.5.2 and 1.5.3 from 10494 FACS. TEXT: See JoVE Video 10494 FACS Technology for splenic B lymphocytes separation

2. CFSE staining and T-cell stimulation

2.1. Label four 15 mililitermilliliter tubes 1 through 4, and add 1 x 107 isolated spleen cells [1-MED]. Next, add 3 milliliters of HBSS 2% FCS to each tube [2-CU]. Then, pipet 1 microliter of 5 micromolar carboxyfluorescein succinimidyl ester, or CSFE, into each tube [3-CU-TXT]. Incubate the tubes at 37°C in a 5% CO2 incubator for 10 min [4-MED].	Comment by Nicola Chamberlain: CONCEPTS NOTE: CFSE is a fluorescent dye that marks dividing cells. Initially, all the cells receive the same amount of dye; dividing cells evenly split the dye they received between their two daughter cells. Consequently, the cell cycle can be followed by the progressive decrease of dye intensity in the cells.

2.1.1. Talent pipets cell suspension into the four tubes
2.1.2. Talent pipets HBSS 2% FCS into each tube
2.1.3. Talent pipets CSFE into each tube TEXT: CSFE: carboxyfluorescein succinimidyl ester
2.1.4. Added shot: Talent places the tubes in the incubator. 

2.2. The cells in tubes 1 and 2 will not be stimulated. They will be used to reveal the basal level of proliferation of splenic CD4 and CD8 T cells [1-CU-TEXT]. Pipet 102 milliliters of HBSS 2% FCS into these tubes [2-MED]. 
2.2.1. Tubes 1 and 2 (labeled) in a tube rack on bench; TEXT – Unstimulated
2.2.2. Talent pipets 102 mL of HBSS 2% FCS into tubes 1 and 2 

2.3. Tubes 3 and 4 will be stimulated by anti-CD3 antibody in order to observe the effects on the cell cycle [1-CU-TEXT]. Add 102 milliliters of HBSS 2% FCS [2-MED] and anti-CD3 antibody at a final concentration of 2.5 micrograms per milliliter to tubes 3 and 4 [3-CU-TEXT].

2.3.1. Tubes 3 and 4 (labeled) in a tube rack on bench; TEXT – Stimulated by anti-CD3 antibody Video editor: Use take 2 per videographer.
2.3.2. Talent pipets 12 10 mL of HBSS 2% FCS into tubes 3 and 4
2.3.3. Talent adds anti-CD3 antibody to tubes 3 and 4; TEXT- Calculate the appropriate amount of anti-CD3 antibody based on the stock concentration 

2.4. Next, centrifuge all of the tubes at 370 x g for 7 minutes at 10 degrees Celsius [1-MED over shoulder-TEXT]. Discard the supernatants [2-MED]. Resuspend the pellets in 2 milliliters of HBSS 2% FCS  [3-CU] and pipet the resulting solutions into separate wells on a 6-well plate [4-CU]. 

2.4.1. Talent loads tubes into centrifuge; TEXT – 370 x g, 7 min., 10°C
2.4.2. Talent discards the supernatants
2.4.3. Talent resuspends the pellets
2.4.4. Talent pipets cell solutions into a 6-well plate

2.5. Carefully label the plate from 1-4 to keep track of sample identities [1-CU]. Incubate the cells at 37 degrees Celsius and 5% CO2 for 3 days [2-MED over shoulder – TEXT].

2.5.1. Talent labels the wells with sample identities
2.5.2. Talent places plate in incubator; TEXT - 37°C, 5% CO2, 3 days

3. Cell staining

3.1. On day 3, add 2 milliliters of HBSS 2% FCS to wells 1 and 3, which should contain the cells from tubes 1 and 3 [1-CU]. Pipet up-and-down vigorously [2-CU], and then transfer the samples into labeled 5 milliliter FACS tubes [3-MED]. Place the 6-well plate back into the incubator – these remaining cells from wells 2-4 will be analyzed on day 5 to investigate long-term effects of stimulation on the cell cycle [4-MED].On day 3, add 2 milliliters of HBSS 2% FCS to wells 1 and 3, which should contain the cells from tubes 1 and 3 [1-CU]. [2-CU], and then transfer the samples into labeled 5 milliliter FACS tubes [3-MED]. Place the 6-well plate back into the incubator – these remaining cells from wells 2-4 will be analyzed on day 5 to investigate long-term effects of stimulation on the cell cycle [4-MED]. 

3.1.1. Talent adds 2 mL of HBSS 2%FCS to wells 1 and &3 pipettes vigorously
3.1.2. Talent pipets vigorously Talent repeats the steps shown in 3.1.1 in well 3. Video editor: This was slated 3.1.3.Talent pipets vigorously
3.1.3. Talent transfers samples to labeled FACS tubes Video editor: This is slated 3.1.3.B.
3.1.4. Talent places 6-well plate into incubator

3.2. Centrifuge the tubes at 370 x g for 7 minutes at 10 degrees Celsius [1-MED over shoulder-TEXT], and then discard the supernatants [2-MED over shoulder].

3.2.1. Talent places tubes into centrifuge Video editor: Use take 2 
3.2.2. Talent discards the supernatants

3.3. Now, add 100 microliters of antibody mix to each tube [1-CU-TEXT]. Incubate the tubes for 20 minutes on ice at 4 degrees Celsius in the dark [2-MED-TEXT]. Next, add 1 milliliter of HBSS 2% FCS to each tube [3-CU] and centrifuge the tubes at 370 times g for 7 minutes at 10 degrees Celsius [4-MED over shoulder-TEXT].

3.3.1. Talent adds antibody mix to each tube; TEXT – Follow Table 1 to make the antibody mix
3.3.2. Talent places tubes on ice  refrigerator; TEXT – 20 min., 4°C, dark
3.3.3. Talent adds HBSS solution to each tube
3.3.4. Talent places tubes into centrifuge

3.4. Discard the supernatants [1-MED over shoulder] and resuspend the pellets in 200 microliters of HBSS 2% FCS [2-CU] and mix well. Transfer the resuspended pellets to new, labelled FACS tubes [3-MED], then, evaluate T-cell proliferation using flow cytometry as shown in the FACS protocol [4-MED-TXT]. Gate the cells to select lymphoid CD3+ cells and to distinguish CD4+ and CD8+ cells, and record the data for tubes 1 and 3 [5-SCREEN]. 
3.4.1. Talent discards the supernatant.
3.4.2. Talents adds 200 microliters of HBSS to tubes
3.4.3. Talent pipets pellets to new, labelled tubes
3.4.4. Talent loads FACS tube. TEXT: See JoVE Video 10494 FACS Technology for splenic B lymphocytes separation
3.4.5. Talent performs the action as described for tube 1. Video editor: Use take 2, per videographer.1


3.5. On day 5, repeat the cell staining process with the cells from the remaining two wells of the 6-well plate. 
3.5.1. Use footage from steps 3.1.3, 3.3.1 and 3.4.4

4. Data analysis 

4.1. We will analyze the effects of CD3-stimulation on the cell cycle of CD4 and CD8 positive cells at 3 days and 5 days post stimulation [1-Reuse]. To begin, click on the FlowJo icon [2-SCREEN] and drag your files into the “All Sample” window [3-SCREEN]. 

4.1.1. Shots from earlier in protocol 2.1.1. and 2.1.2
4.1.2. Talent performs step 
4.1.3. Talent performs step Video editor: This was shot with 4.1.2 

4.2. Double click on the file for the unstimulated cells collected on day 3 to display a dot plot with forward scatter on the Y axis and side scatter on the X axis [1-SCREEN]. Click on “polygon” to circle the ‘lymphocyte’ populations based on their morphology [2-SCREEN].

4.2.1. Talent performs step
4.2.2. Talent performs step Video editor: 4.2.2, 4.3.1, and 4.3.2 are all shot together.  


4.3. In the “subpopulation identification” window, name the population “lymphocytes” [1-SCREEN] and click “OK” [2-SCREEN]. Next, double click on the circled population [3-SCREEN] and in the new window select “Thy1.2” on the Y axis [4-SCREEN] and “CD3” on the X axis [5-SCREEN]. 

4.3.1. Talent performs step 
4.3.2. Talent performs step 
4.3.3. Talent performs step Video editor: 4.3.3, 4.3.4, and 4.3.5 are were all shot together.  
4.3.4. Talent performs step 
4.3.5. Talent performs step 

4.4. Then, click on “polygon” to circle the CD3 and Thy1.2-double positive cells [1-SCREEN]. In the new “subpopulation identification” window, name the population “T cells” [2-SCREEN] and click “OK” [3-SCREEN].

4.4.1. Talent performs step
4.4.2. Talent performs step Video editor: Shot with 4.4.1 
4.4.3. Talent performs step Video editor: Shot with 4.4.1 

4.5. Next, double click on the circled population [1-SCREEN]. In the new window, select “CD4” on the Y axis [2-SCREEN] and “CD8” on the X axis [3-SCREEN]. Then, click on “polygon” to circle the CD4-positive population [4-SCREEN]. In the new “subpopulation identification” window, name the population “CD4 T cells” [5-SCREEN] and click “OK” [6-SCREEN].

4.5.1. Talent performs step
4.5.2. Talent performs step Video editor: Shot with 4.5.1 
4.5.3. Talent performs step Video editor: Shot with 4.5.1 
4.5.4. Talent performs step
4.5.5. Talent performs step Video editor: Shot with 4.5.4
4.5.6. Talent performs step Video editor: Shot with 4.5.4 
4.5.7. 

4.6. Now, click on “polygon” to circle the CD8-positive population [1-SCREEN]. In the new “subpopulation identification” window, name the population “CD8 T cells” [2-SCREEN] and click “OK” [3-SCREEN]. Repeat these steps with the other files [4-SCREEN].

4.6.1. Talent performs step
4.6.2. Talent performs step Video editor: Shot with 4.6.1 
4.6.3. Talent performs step Video editor: Shot with 4.6.1 
4.6.4. Talent clicks another file to repeat process


5. Results

5.1. To determine the frequencies of dividing and non-dividing cells, first visualize the cell populations by clicking on “Layout editor” [1-SCREEN], then drag the CD4 T cells and CD8 T cells from each of the four tubes to the “All sample window” [2-SCREEN]. Graphs representing your populations will appear [3-SCREEN]. 

5.1.1. Talent performs step
5.1.2. Talent performs step Video editor: Shot with 5.1.1 
5.1.3. Talent performs step Video editor: Shot with 5.1.1 

5.2. For each tubes, double click on the dot plot for CD8 T cells, and select “Histogram” under “Graph representationDefinition” to visualize the results [1-SCREEN] Select “CFSE” as the parameter to compare the stimulated vs. unstimulated cell populations at each time point. Non-dividing cells maintain higher levels of CFSE, whereas proliferating cells split the content of CFSE to dividing cells [2-SCREEN]. 
5.2.1. Talent performs step Note: In the screen cap, the window appears to be titled Graph Definition instead of Graph Representation.
5.2.2. Talent performs step
5.2.3. Added shot: The 3 other tubes are done in a similar way.

5.3. Now, while pressing the ‘shift’ key, double click on the histogram. In the new window, click “Range” and select the range of CFSE corresponding to the highest peak [1-SCREEN]. In the “Subpopulation identification” window, name the population “non-dividing CD8 T cells”. Do the same for the lowest peak, and label the population “dividing CD8 cells.” [2-SCREEN] 

5.3.1. Talent performs step Video editor: Some of step 5.3.2 is also included in this shot. 
5.3.2. Talent performs step

5.4. Now, repeat to select the dividing and non-dividing CD4 T cells in each tube [1-SCREEN]. 
5.4.1. Talent performs all the previous steps for CD 4 files.

5.5. To examine the frequency of dividing CD3+ cells, click on “Table editor”  [1-SCREEN]. Then drag the populations of interest – dividing CD8 T-cells and dividing CD4 T-cells – into “Table” [2-SCREEN]. On the “Statistic” menu [3-SCREEN], select “frequency of T cells” [4-SCREEN], then click on “Create table”  to reveal the frequency in a new table [5-SCREEN].

5.5.1. Talent performs step
5.5.2. Talent performs step Video editor: Shot with 5.5.1 
5.5.3. Talent performs step
5.5.4. Talent performs step Video editor: Shot with 5.5.3 
5.5.5. Talent performs step Video editor: Shot with 5.5.3 
5.5.6. 
Summary

CFSE staining is a useful technique for tracking immune cell proliferation over time. The intensity of the stain diminishes as cells divide, allowing discrimination of cell populations based on their rates of proliferation. Proliferation assays are frequently used in immunology to determine the degree of activation of cells. They are also performed in oncology diagnostics to determine tumor aggressiveness in patients. 
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