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A. Will you require JoVE to record video microscopy? N
B. Does your protocol include descriptions of software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C. Which steps of your protocol will viewers benefit most from having filmed? 2.2., 2.3.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.15., 3.13.-3.15.
E. Will the filming need to take place in multiple locations? Maybe (if yes, 3 locations, one 13.5 km and one 7 km from main shoot location) 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to isolate cancer stem cells from head and neck squamous cell carcinoma, or HNSCC (Pronounce: H-N-S-C-C), cell lines. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Marion Gilormini: This method can help answer key questions in the cancer treatment field about how to use chemotherapy to overcome tumor radioresistance. 

1.2. Marion Gilormini: The main advantage of this technique is that it uses a combination of markers to achieve a high specificity in cancer stem cell isolation from HNSCC cell lines.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Claire Rodriguez-Lafrasse: Demonstrating the procedure will be by Priscillia Battiston-Montagne, a technician, and Marion Gilormini, a PhD, from my laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol (read by voice talent at JoVE):

2. Side population (SP) selection
2.1. To select a side population of cancer stem-like cells by Hoechst dye efflux assay [2.1.1.-WIDE], first label one conical tube “Hoechst” and one “Hoechst and Verapamil” [2.1.2.-MED].
2.1.1. Few seconds Talent labeling one tube Hoechst

2.1.2. Talent placing Hoechst and Verapamil-labeled tube in rack next to Hoechst-labeled tube

2.2. Next, wash an HNSCC cell culture with sterile PBS [2.2.1.-MED] followed by the addition of 1 ml of trypsin-EDTA [2.2.2.-MED].

2.2.1. Few seconds Talent washing cells, with PBS container visible in frame

2.2.2. Few seconds Talent adding trypsin-EDTA to cells, with trypsin-EDTA container visible in frame

2.3. After 3 minutes at 37°C, stop the reaction with fresh cell culture medium [2.3.1.-CU-TXT] and count the cells [2.3.2.-MED].

2.3.1. Few seconds medium being added to cells, with medium container label visible in frame (TEXT: See text for all media/reagent preparation details)

2.3.2. Few seconds Talent at microscope counting cells or similar

2.4. Dilute the culture to 1 x 107 cells/ml in complete parental cell line medium [2.4.1.-CU]. Then add 100 microliters to the Hoechst and Verapamil tube [2.4.2.-CU] and 4 ml of cells to the Hoechst tube [2.4.3.-CU].

2.4.1. Few seconds medium being added to cells, with medium container label visible in frame

2.4.2. Few seconds cells being added to HV tube, with HV label visible in frame

2.4.3. Few seconds cells being added to H tube, with H label visible in frame

2.5. Next, gently mix 10 microliters of 5 mM verapamil hydrochloride solution into the Hoechst and Verapamil sample [2.5.1.-CU] followed by 5 microliters of Hoechst per 1x106 cells to both tubes [2.5.2.-CU].
2.5.1. Few seconds verapamil being added to HV, with verapamil container label visible in frame

2.5.2. Few seconds Hoechst being added to at least one tube, with Hoechst container label visible in frame

2.6. Then cover the samples with aluminum foil [2.6.1.-MED] and place them at 37°C [2.6.2.-MED].

2.6.1. Few seconds Talent covering at least one tube with foil

2.6.2. Talent placing tube(s) at 37°C

2.7. After 90 minutes with gentle mixing every 15 minutes [2.7.1.-CU], centrifuge the tubes [2.7.2.-MED-TXT] and resuspend the pellets in 2 ml of PBS [2.7.3.-CU].

2.7.1. Few seconds at least one tube being mixed

2.7.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 250 x g, 4°C)

2.7.3. Shot of pellet(s) if visible, then few seconds at least one pellet being resuspended, with PBS container visible in frame if possible

2.8. After a second centrifugation, resuspend the Hoechst and Verapamil pellet in 500 microliters of propidium iodide in PBS [2.8.1.-CU] and the Hoechst pellet in 4 ml of the same [2.8.2.-CU].
2.8.1. Few seconds HV pellet being resuspended in PI, with PI container label and HV label visible

2.8.2. Few seconds H pellet being resuspended in PI, with PI container label and H label visible
2.9. Now filter the samples through 70 micron cell strainers into FACS tubes to remove any aggregates [2.9.1.-CU] and place the samples on ice protected from light [2.9.2.-CU].

2.9.1. Few seconds one sample being filtered

2.9.2. Sample(s) being placed on ice

2.10. Next, load the Hoechst sample onto the flow cytometer [2.10.1.-MED] and open the “Global Worksheet” window in the flow cytometer software [2.10.2.-MED-over the shoulder].
2.10.1. Talent loading sample onto flow cytometer

2.10.2. Talent at cytometer, opening global worksheet with monitor visible in frame 
2.11. Click on Dot Plot to create a graph on the global worksheet [2.11.1.-SCREEN] and right click to select the forward and side scatter parameters [2.11.2.-LM].

2.11.1. *To be provided by Authors
2.11.2. Figure 1A.tif: please indicate FSC-A (forward) and SSC-A (side scatter) texts when mentioned
2.12. Create a side scatter-wide by a side scatter-height dot plot in the same way [2.12.1.-LM], and then click “Polygon gate” to create a P1 region in the second graph to select the single cells [2.12.2.-LM] and to discriminate the doublets [2.12.3.-LM].

2.12.1. Figure 1B.tif: please indicate SSC-W (wide) and SSC-H (height) texts when mentioned
2.12.2. Figure 1B.tif: please outline hexagonal gate and indicate “single cells” text and/or red cells in gate

2.12.3. Figure 1B.tif: please indicate Doublets text and/or black cells to right of gate

2.13. Next, create a red Hoechst-area by a blue Hoechst-area dot plot [2.13.1.-LM] and right click on the cells to highlight the P1 population [2.13.2.-LM]. 
2.13.1. Figure 1C.tif: please indicate Hoechst Red-A and Hoechst Blue-A texts when mentioned

2.13.2. Figure 1C.tif: please indicate red and green cells

2.14. Then create a P2 region to select the negative Hoechst dye side population of cells that appears as a side arm to the left of the main population of cells [2.14.1.-LM] and collect 10,000 of the Hoechst sample events [2.14.2.-SCREEN].
2.14.1. Figure 1C.tif: please outline/indicate P2 gate and/or SP 1,3% text and green cells w/in P2 gate
2.14.2. *To be provided by Authors 

2.15. To confirm that the P2 gate representing the the side population is positioned correctly, collect 10,000 Hoechst and Verapamil sample events as well [2.15.1.-LM]; the side population should disappear [2.15.2.-LM].
2.15.1. Figure 1D.tif: no animation
2.15.2. Figure 1D.tif: please outline/indicate P2 gate and/or SP 0,0% text and lack of green cells w/in P2 gate
2.16. Then sort the side population of Hoechst dye negative cells into a 15 ml conical tube containing 1 ml of complete cancer stem-like cell medium [2.16.1.-CU].
2.16.1. Few seconds cells being sorted into conical tube of medium

2.17. At the end of the sort, spin down the cells [2.17.1.-CU-TXT] and resuspend the side population pellet in 1 ml of fresh complete cancer stem-like cell medium [2.17.2.-CU].

2.17.1. Tube(s) being placed into centrifuge bucket (TEXT: 5 min, 250 x g, 4°C)

2.17.2. Shot of pellet if visible, then few seconds cells being resuspended in medium, with medium container label visible in frame if possible

2.18. Then count the cells [2.18.1.-CU] and seed them at the appropriate number into a new cell culture flask [2.18.2.-LM].

2.18.1. Few seconds cell counter being clicked or similar
2.18.2. Table 1a.xlsx: no animation
3. CD44highALDHhigh sub-population selection
3.1. To select the CD44high, ALDH-high subset from the sorted side population cells [3.1.1.-WIDE-TXT], first label seven sterile 15 ml conical tubes as indicated [3.1.2.-LM].

3.1.1. Few seconds Talent labeling one tube, with 6 other tubes visible in frame (TEXT: ALDH: aldehyde dehydrogenase)
3.1.2. Ab table.xlsx
3.2. Next, dilute the sorted cells to 1x107 cells/ml in stem cell medium [3.2.1.-MED] and aliquot 100 microliters of cells to the unstained, CD44-APC and IgG1-APC tubes [3.2.2.-CU] and 4 ml of cells to the ALDH and CD44-APC tube, all on ice [3.2.3.-CU-TXT].

3.2.1. Few second Talent adding medium to cells, with medium container label visible in frame

3.2.2. Cells being added to at least one tube with only unstained, CD44-APC and IgG1-APC tubes with labels visible in frame

3.2.3. Few seconds cells being added to ALDH and CD44-APC tube with label visible (TEXT: Keep all tubes/reagents @ 4°C)
3.3. Spin down the cells [3.3.1.-MED] and resuspend the unstained, CD44-APC and IgG1-APC pellets in 100 microliters of buffer 1 from the ALDEFlour (Pronounce: Al-deh-floor) kit [3.3.2.-CU].

3.3.1. Talent placing tube(s) into centrifuge

3.3.2. Buffer being added to at least one tube, with only unstained, CD44-APC and IgG1-APC tubes with labels visible in frame

3.4. Then add 5 microliters of the ALDH inhibitor DEAB (Pronounce: D-E-A-B) to the ALDH and DEAB and ALDH, DEAB and CD44-APC tubes [3.4.1.-CU-TXT].
3.4.1. DEAB being added to at least one tube, with only ALDH and DEAH and ALDH DEAB and CD44 tubes with labels visible in frame (TEXT: DEAB:  diethylaminobenzaldehyde)
3.5. Resuspend the cells in the ALDH and CD44-APC tube in 4 ml of reagent C containing 4 ml of buffer 1 and 20 microliters of the reagent from the kit [3.5.1.-CU] and immediately transfer 100 microliters of these cells into the ALDH, ALDH and DEAB and ALDH, DEAB and CD44-APC tubes [3.5.2.-CU].

3.5.1. Few seconds reagent C being added to ALDH and CD44-APC tube with label visible and buffer 1 and kit reagent container labels visible in frame as well

3.5.2. Cells being added to at least one tube, with only ALDH, ALDH and DEAB, and ALDH DEAB and CD44-APC tubes with labels visible in frame

3.6. Then place all of the tubes in a 37°C water bath for 30 minutes protected from light [3.6.1.-MED], mixing the samples after 15 minutes by gentle vortexing [3.6.2.-CU].

3.6.1. Talent placing tube(s) into centrifuge water bath
3.6.2. Few seconds at least one tube being vortexed

3.7. At the end of the incubation, centrifuge all of the samples [3.7.1.-CU-TXT] and discard the supernatants [3.7.2.-CU].

3.7.1. Tube(s) being placed into centrifuge (TEXT: 5 min, 250 x g, 4°C)

3.7.2. Few seconds at least one supernatant being discarded

3.8. Then place all of the tubes on ice [3.8.1.-CU] and resuspend the ALDH and CD44-APC pellet in 4 ml of buffer A [3.8.2.-CU] and the CD44-APC and ALDH, DEAB and CD44-APC pellets in 100 microliters of the same [3.8.3.-CU].
3.8.1. Tube(s) being placed onto ice

3.8.2. Few seconds buffer A being added to ALDH and CD44-APC tube, only tube visible in frame with label and buffer A label showing

3.8.3. Few seconds buffer being added to at least one tube, with only CD44-APC and ALDH DEAB and CD44-APC tubes with labels visible in frame with buffer A label visible 

3.9. Resuspend the IgG1-APC pellet in 100 microliters of buffer B [3.9.1.-CU] and the unstained, ALDH, and ALDH and DEAB tubes in 100 microliters of buffer 1 [3.9.2.-CU].

3.9.1. Few seconds buffer B being added to IgG1-APC tube, only tube visible in frame with label and buffer B label showing

3.9.2. Few seconds buffer being added to at least one tube, with only unstained, ALDH, and ALDH and DEAB tubes with labels visible in frame with buffer 1 label visible 

3.10. After 10 minutes, spin down all of the samples again [3.10.1.-MED], followed by a wash in 1 ml of buffer 1 for all of the samples [3.10.2.-MED] except the ALDH and CD44-APC sample, which is washed in 4 ml of buffer 1 [3.10.3.-MED].

3.10.1. Talent adding tube(s) to centrifuge bucket

3.10.2. Talent adding buffer 1 to at least one tube, with all tubes except ALDH and CD44-APC tube with labels visible in frame and buffer 1 label visible in frame

3.10.3. Few seconds Talent adding buffer 1 to ALDH and CD44-APC with buffer 1 and ALDH and CD44-APC labels visible

3.11. After the second centrifugation, resuspend all of the pellets in 1 ml of fresh buffer 1, except for the ALDH and CD44-APC sample, which is resuspended in 4 ml of buffer 1.

3.11.1. Few seconds buffer 1 being added to at least one tube, with all tubes except ALDH and CD44-APC with labels visible in frame and buffer 1 label visible in frame

3.11.2. Few seconds buffer 1 being added to to ALDH and CD44-APC tube with buffer 1 and ALDH and CD44-APC labels visible
3.12. Now load the ALDH and CD44-APC tube onto the flow cytometer [3.12.1.-CU] and create an APC by FITC dot plot to visualize the double-stained population [3.12.2.-SCREEN].
3.12.1. Few seconds tube being loaded, with tube label visible if possible

3.12.2. *To be provided by Authors

3.13. Next, load the ALDH tube to create a gate for the ALDH-high cells [3.13.1.-LM]; the positive cells should disappear when the ALDH and DEAB tube is loaded [3.13.2.-LM].

3.13.1. Figure 2A.tif: please outline/indicate top left quadrant/cells top left quadrant
3.13.2. Figure 2B.tif: please outline/indicate top left quadrant/cells top left quadrant
3.14. In the same graph, create a second gate using the CD44-APC and IgG1-APC tubes to select the CD44 high cells [3.14.1.-LM].  The positive cells will disappear when the IgG1-APC tube is loaded [3.14.2.-LM-TXT].

3.14.1. Figure 2C.tif: please outline/indicate bottom right quadrant/cells bottom right quadrant

3.14.2. Figure 2D.tif: please outline/indicate bottom right quadrant (TEXT: Positive cells in IgG1-APC tube indicates non-specific staining)
3.15. Then load the ALDH and CD44-APC [3.15.1.-LM], and ALDH, DEAB and CD44-APC tubes to create a third gate that includes the CD44highALDHhigh cells [3.15.2.-LM].

3.15.1. Figure 2E.tif: please outline/indicate bottom right quadrant/cells bottom right quadrant
3.15.2. Figure 2F.tif: please outline/indicate bottom right quadrant/cells bottom right quadrant
3.16. Marion Gilormini “Use the double staining ALDH/CD44 tube to position the last gate on the double positive cells.” [3.16.1.-MED-interview style]
3.16.1. Marion Gilormini, speaking the above, interview style (looking just off-camera)
3.17. Then sort the CD44highALDHhigh cells into a 15 ml conical tube containing 1 ml of complete cancer stem-like cell medium [3.17.1.-CU], collecting the CD44lowALDHlow cells in 1 ml of complete cell culture medium as desired [3.17.2.-CU].
3.17.1. Few seconds cells being sorted into tubes (Shot will be used again) (Video Editor: please indicate CD44highALDHhigh tube)

3.17.2. Use 3.17.2. cells being sorted (Video Editor: please indicate CD44lowALDHlow tube)
4. Cell culture and tumor potential and CSC characteristic confirmation 
4.1. After the second sort, plate the CD44highALDHhigh cells into an appropriate cell culture flask with complete cancer stem-like cell medium [4.1.1.-WIDE] in the cell culture incubator for 18-24 hours [4.1.2.-LM].

4.1.1. Few seconds Talent adding cells to flask

4.1.2. Table 1a.xlsx

4.2. When the cells have attached to the bottom of the flask, change the culture medium [4.2.1.-MED] and return the flask to the incubator [4.2.2.-MED-TXT].

4.2.1. Few seconds Talent removing medium from flask, with medium container visible in frame

4.2.2. Talent placing flask in incubator (TEXT: See text for CSC passaging details)
4.3. To confirm the tumor potential of the CD44highALDHhigh cells, trypsinize the cancer stem-like monolayer as demonstrated to obtain a single cell suspension [4.3.1.-MED] and transfer 1x106 cells to a 15 ml conical tube [4.3.2.-MED].
4.3.1. Few seconds Talent adding trypsin-EDTA to flask, with trypsin-EDTA container visible in frame

4.3.2. Few second Talent adding cells to tube

4.4. After spinning down the cells, resuspend the pellet in serum-low medium supplemented with recombinant human epidermal growth factor, heparin and B27 [4.4.1.-MED] and incubate the cells in a low anchorage petri dish in the cell culture incubator [4.4.2.-MED] until tumor spheres are observed by optical microscopy [4.4.3.-LM].

4.4.1. Few seconds Talent adding medium to cells

4.4.2. Few seconds Talent adding cells to at least one well

4.4.3. Figure 3A.tif

5. Results: Confirmation of CD44highALDHhigh cell tumor potential
5.1. When the sorting is performed for the first time on a new cell line, it is necessary to confirm the tumor potential of the cell line as evidenced by its ability to form tumor spheres in serum-free medium in vitro [5.1.1.-LM-TXT].
5.1.1. Figure 3A.tif: TEXT: Only CSC can survive and proliferate in serum-free medium
5.2. Moreover, qPCR should demonstrate a high expression of beta-catenin and other stem-like cell markers by the CD44highALDHhigh cells [5.2.1.-LM].
5.2.1. Figure 3B.tif: please outline/indicate SP/CD11+/ALDH+ data bar
5.3. The CD44highALDHhigh cells should also be able to form tumors in situ when injected in low quantities compared to CD44lowALDHlow cells [5.3.1.-LM].
5.3.1. Figure 4.tif: please add/flash arrow
6. Conclusion (said by authors on camera)
6.1. Marion Gilormini: Once mastered, each cell sorting should be able to be completed in 5 hours if they are performed properly.

6.2. Marion Gilormini: While attempting this procedure, it is important to remember to protect the fluorochrome-labeled samples from direct light exposure.
6.3. Marion Gilormini Following this procedure, other methods, like invasion/migration assays, can be performed to answer additional questions about the involvement of cancer stem cells in the metastatic process.
6.4. Marion Gilormini: After its development, this technique paved the way for researchers in the field of cancer to explore the mechanisms of tumor escape in HNSCC cancer.
6.5. Marion Gilormini: After watching this video, you should have a good understanding of how to isolate cancer stem cells from HNSCC cell lines using multiparametric flow cytometric analysis and cell sorting. 
6.6. Marion Gilormini: Don't forget that working with tumor cells and intercalating DNA agents can be extremely hazardous and that precautions, such as wearing a lab coat and gloves, should always be taken while performing this procedure.   
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
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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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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