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Title: A sensitive method to quantify senescent cancer cells
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ___N_______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___5 steps______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__step number 4 and 5____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 

It is step number 5 if you don not have experience with flow cytometry. To ensure success, I include all the controls. 

1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):

0.1. The overall goal of this procedure is to quantify cell senescence in a rapid and sensitive way. Here, we demonstrate the utility of this method in screening potential chemotherapeutical drugs.  (Intro).

0.2. First, to induce cellular senescence, the chemotherapeutical drug doxorubicin, is added to cancer cells. 
0.2.1. (P1).  (Editor, Turn some of the cells from light tan to orange with doxorubicin is added)
0.3. Next, Bafilomycin A1 is applied to neutralize the acidic pH of cellular lysosomes.  
0.3.1. (P1)  (Editor- please turn the orange cells to grey)
0.4. Then, cell permeant beta-galctosidase substrate, C12FDG, is added. Upon cellular uptake, the C12FDG is hydrolyzed and fluoresces.  Since beta-galactosidase is enriched in lysosomes of senescent cells, they become more fluorescent than non-senescent cells.
0.4.1. (P2).   Editor please make the grey cells become green.
0.5. To quantify the difference in fluorescence, the cells are run on a flow cytometer. 
0.5.1. (P3).Show green and tan cells flowing through the tube
0.6. Analysis of the resulting data allows for quantification of the percentage of senescent cancer cells under different treatment conditions. 
0.6.1. (P4)
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
Video Editor: Statement 1.3 doesn’t have an author listed, but you should be able to tell from 1.1 and 1.4 whether 1.3 is Cahu or Sola. 
1.1. [Cahu] The main advantage of this technique over existing methods, like the b-galacdosidase assay, is that it facilitates rapid and sensitive quantification of senescent cells.   
1.2. [Cahu] : In fact, we first had the idea for this method when we experienced difficulty with quantifying senescent cells using the commonly used b-galactosidase assay.
1.3. [author name]:  Although we use this method to screen potential chemotherapeutic agents, it can also be used to detect senescence in other cell types and for other applications.
1.4. [Sola]: This method can help answer key questions in the cancer field field, such as whether a chemotherapeutical drug induces cancer cells to senesce, which might promote malignancy.  

1.5. [Sola] Thus, this technique could ultimately help identify effective chemotherapeutical treatments for cancer.  
**************************************************

These were probably not filmed, but were in the author’s post shoot notes …
1.1. [Cahu] The main advantage of this technique over existing methods, like [-galacdosidase assay], is that [it allows to quantify senescent cells rapidly and sensitively].   

1.2. [Sola]: This method can help answer key questions in the [cancer field] field, such as [if a chemotherapeutical drug induces cancer cells to senesce, which might promote malignancy].  

1.3. [Sola] The implications of this technique extend toward therapy (or diagnosis) of [cancer] because [help defining the right chemotherapeutical treatment].  

1.4. [Sola] Though this method can provide insight into [cancer biology], it can also be applied to other systems (model organisms, studies of disease, organ systems), such as [ non cancer cells ].

1.5. [Cahu]: Generally, individuals new to this method will struggle, because [of the flow cytometry part].

1.6.  [Cahu] : I/We first had the idea for this method, when I/We [faced the difficulty of quantifying senescent cells stained with the commonly used -galactosidase assay].

1.7. [Cahu]:Visual demonstration of this method is critical, as the [flow cytometry]  steps are difficult to learn, because [people might not be familiar with it].   

1.8. [Sola] Demonstrating the procedure will be [usefull for]   a technician, post doc, grad student from my laboratory (Add additional mention of demonstrators as necessary).  
Video Editor: You only need to read this paragraph if the numbering/slating of the protocol is messed up (the author’s post-shoot version had a glitch in the numbering) The authors marked up a DRAFT version of the shotlist rather than the final version, but they appear to have used the final version during the shoot. I’ve done my best to reconcile their DRAFT revisions to the final version, but if things don’t make sense, ask me or Zoe for the pre-shoot version of the shotlist.
Protocol (read by voice talent at JoVE):

2. Preparation of C12FDG, bafilomycin A1 and cell culture
2.1. Working in a chemical fume hood dissolve the C12FDG powder in DMSO to a final concentration of 20 mM. Aliquot into 0.5ml eppendorf tubes and store at -20°C. DMSO should be used with appropriate safety conditions.
2.1.1. MED:  Talent, wearing appropriate safety gear, dissolves C12FDG powder in DMSO.

2.1.2. CU:  Talent aliquots the solution into eppendorf tubes. (Do 2 takes)
2.1.3. MED:  Talent places tubes in -80 
2.2. Also, dissolve bafilomycin A1 powder in DMSO to a final concentration of 0.1 mM. Aliquot the solution into 0.5ml microcentrifuge tubes and store them at -20 degrees C. Note that bafilomycin should be used with appropriate safety precautions
2.2.1. MED:  Talent, wearing appropriate safety gear, dissolves bafilomycin A1 powder in DMSO.
2.2.2. USE shot 2.1.2 unless color of bafilomycin A1 powder is different.

2.2.3. MED:  Talent places tubes in -20.
2.3. This procedure can be performed using either adherent or non-adherent cells.  Here, the procedure is demonstrated using the human myeloma cell line RPMI 8226.  These cells grow in suspension.

2.3.1. CU:  Talent swirls a flask of RPMI 8226 cells

2.4. Cultivate RPMI 8226 cells in medium containing 10% FBS and 1% antibiotics at 37°C and 5% CO2. 

2.4.1. MED:  Talent places flask in incubator

2.5. 24 hours prior to performing the experiment, seed the cells in 6 well plates so that they will be in the log-phase of the cellular proliferation curve at the time of the experiment. 

2.5.1. CU:  Talent pipettes into a 6 well plate

2.6. To determine the percentage of senescent cells, three cell samples will be required: untreated and non-stained cells, untreated cells stained with C12FDG, and treated cells stained with C12FDG. For each condition, a minimum of 5 x 105 cells are required for flow cytometery.

2.6.1. MED:  Talent labels plates or wells for each of the samples above

3. Induction of senescence and Bafilomycin A1 treatment 

3.1. Induce senescence of cancer cells by adding the chemotherapeutical drug doxorubicin. Drug concentration and duration of the treatment should be adapted to the cell type tested. 

3.1.1. MED:  Talent removes plates from the incubator

3.1.2. CU:  Talent places cells in cell culture hood along with other reagents for the experiment.

3.2. For RPMI 8226 cells, senescence can be induced by treating 106 cells/ml with 50 nM doxorubicin for 48 hours.  Do not forget to include untreated sample as a negative control. Incubate at 37°C and 5% CO2.
3.2.1. CU:  Talent adds doxorubicin or adds medium containing dox to the wells.
3.2.2. MED:  Talent places the cells in the incubator (Do 3 takes)

3.3. Treatment with chemotherapeutical drugs may lead to cell apoptosis.  Therefore, after 2 days, check cell viability by trypan blue exclusion using a hemocytometer and a microscope.
3.3.1. CU:  Talent pipettes solution onto a hemocytometer

3.3.2. MED:  Talent looks through eye pieces of microscope and counts cells

3.4. If the percentage of viability is less than 70%, remove the dead cells using an appropriate kit, such as the dead cell removal kit from Miltenyi, to ensure that dead cells will not bias the subsequent analysis. 

3.4.1. MED:  Talent using kit to remove dead cells (Authors pick a step of this procedure that might be recognizable and perform that step for 30 seconds of footage.  Videographer- if the box or kit components are in the shot, please make sure it is not clearly featured)
3.5. Otherwise, remove the culture medium by spinning the cells down at 300 g for 5 min. Then after removing the supernatant, add pre-warmed fresh culture medium containing 100 nM bafilomycin A1 to neutralize the acidic pH of lysosomes. Incubate for 1 h at 37°C and 5% CO2. 

3.5.1. MED:  Talent places cell in CF (do 3 takes)
3.5.2. CU:  Talent replaces medium

3.5.3. USE 3.2.2 Talent places the cells in the incubator
4. C12FDG staining

4.1.  Dissolve the β-galactosidase substrate, C12FDG, in pre-warmed fresh culture medium to a final concentration of 2 mM.

4.1.1. MED:  Talent dissolves C12FDG in pre-warmed medium

4.2.  Following the incubation with bafilomycin, add C12FDG directly to the cells and medium to a final concentration of 33 M. Incubate for 2 h at 37°C and 5% CO2. 

4.2.1. CU: adding C12FDG directly to cells with medium

4.2.2. USE 3.2.2 Talent places the cells in the incubator
4.3. After the incubation, centrifuge the cells at 300 g for 5 min at 4°C (Text overlay: Note: Adjust speed as need for the cell type used)

4.3.1. USE 3.5.1   Talent places the cells in the centrifuge and closes the lid

4.4. After the spin, wash the cells twice with PBS, spinning down each time as before, and removing the supernatant. (Text: overlay:  wash X2)
4.4.1. CU: Talent resuspends pellet in PBS

4.4.2. USE 3.5.1   Talent places the cells in the centrifuge and closes the lid

4.5. After the second wash, resuspend the cell pellet in 500 l of cold PBS.  Then, perform a co-immunolabeling to further characterize the population of senescent cells. 

4.5.1. CU:  Talent resuspends the pellet in 500 mL of PBS

4.5.2. MED:  Talent performs one of the steps of immunolabeling (show flow tubes)

5. Flow cytometry analysis

5.1. “If you do not have experience with flow cytometry, the most difficult aspect of this procedure will be performing the flow cytometric analysis.  To ensure success, be sure to include the appropriate controls and seek assistance from an experienced person as needed.”
5.1.1. MED:  Talent seated at the flow cytometer looks up from the screen and says the above line.
5.2. To determine the percentage of senescent cells in the treated population, begin by calibrating the flow cytometer using the control beads recommended by the manufacturer. For all steps, record at least 104 events.

5.2.1. MED:  Talent seated at flow cytometer, places calibration tube in loading port. 
5.3. Prior to running the first sample, prepare a two-parameter graphic displaying Forward Scatter Channel, or “FSC” versus Side Scatter Channel “SSC”. 
5.3.1. MED over the shoulder:  Talent prepares the two parameter graphic above
5.4. Then, run the first sample containing unlabeled cells. 

5.4.1. CU:  Talent places tube of unlabeled cells in loading port of cytometer
5.4.2. SCREEN:  Show as events are recorded on the screen and show up on the FSC vs SSC plot.
5.5. Set the PhotoMultiplier Tubes, or “PMTs”, and define a region of interest excluding dead cells and cellular debris that might have appeared during the sample preparation. 

5.5.1. SCREEN:  Talent sets the PMT and defines ROI to exclude dead cells as the events are collected

5.6. Gate this region of interest in a one-parameter histogram displaying the fluorescence of C12FDG as FL1 on the log scale of the x-axis and the number of events in the y-axis. The total number of events represents the number of cells analyzed. 

5.6.1. SCREEN:  Talent gates the ROI as described above (editor please circle the total number of events)

5.7. Set the PMT so that unlabeled cells appear in the first decade on the log scale of the x-axis. Determine the autofluorescence of the cells if necessary by running the unlabeled cells in the flow cytometer.
5.7.1. SCREEN:  Talent sets the PMT so that cells appear in the first decade.  Talent determines autofluorescence

5.8. Run the second sample containing untreated cells. 

5.8.1. MED:  Talent places second sample in loading port and begins the run

5.9. On the one-parameter histogram displaying FL1, place the cursor after the dimly labeled population. This threshold will allow the discrimination between non-senescent cells, which are dimly labeled, senescent cells, which are brightly labeled. 

5.9.1. SCREEN:  Talent places the cursor after the dimly labeled population of the histogram

5.10.  Run the third sample containing treated cells. Brightly labeled senescent cells appear above the threshold determined in the previous step.
5.10.1. MED:  Talent places second sample in loading port and begins the run

5.10.2. SCREEN:  Brightly labeled cells appear above the threshold determined in previous step

5.11. Evaluate the percentage of senescent cells by dividing the number of bright events by the total number of events. If needed, the activity of the -galactosidase can also be estimated using the mean fluorescence intensity.

5.11.1. MED:  Talent seated at computer performs calculations 

6. Representative Assay Results
6.1. To evaluate the senescence induced by a chemotherapeutical procedure, the commercially available multiple myeloma cell line RPMI 8226, was treated for 2 days with doxorubicin, a chemotherapeutical drug and assayed for senescence as described in this video.
6.1.1. LAB MEDIA: 50494_Cahu_Figure2B and 2C 
6.2. These histograms show the fluorescence of untreated cells, on the left, and treated cells, on the right.   A population of brightly labeled cells, representing senescent cells, appears in region V.

6.2.1. LAB MEDIA: 50494_Cahu_Figure2B and 2C 
6.3. In parallel, the same cell sample was stained using the -galactosidase assay.  In this representative picture, entirely blue cells and partially blue cells are shown to illustrate the difficulty in distinguishing truly blue senescent cells. 
6.3.1. LAB MEDIA: 50494_Cahu_ Figure 2D

6.4. To illustrate the specificity of C12FDG in the determination of the percentage of senescent cells, the cells were also treated with various concentrations of doxorubicin. 

6.4.1. LAB MEDIA: 50494_Cahu_ Figure 3

6.5. The percentage of senescent cells was determined by dividing the number of bright events per the total number of events. The percentages of senescent cells were 0.8%, 15.78%, 26.31% for a dose of 5, 25 and 50 nM doxorubicin, respectively.

6.5.1. LAB MEDIA: 50494_Cahu_ Figure 3

6.6. This demonstrates that C12FDG labeling is specific to senescent cells.
6.6.1. LAB MEDIA: 50494_Cahu_ Figure3
7. Conclusion (said by authors on camera)
7.1. [Cahu]: After watching this video, you should have a good understanding of how to quantify senescent cells, cancerous or not, by flow cytometry.
7.1.1. Interview style

7.2. [Cahu]: Following this procedure, xenografts of treated cancer cells can be performed to determine whether the chemotherapeutical drug used to treat cancer cells promotes malignancy. 
7.2.1. Interview style

7.3. [Cahu]: Don't forget that working with DMSO or cancer cells can be extremely hazardous and precautions should always be taken while performing this procedure.   

7.3.1. Interview style

Provided Media
50494_Cahu_ SchematicOverview
50494_Cahu_ Figure2b and 2c (Please prepare a side by side of these two images)

50494_Cahu_ Figure3
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2010, Journal of Visualized Experiments


