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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? NA
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? N
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2
3.3
4.2
4.4
4.6
4.8

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
4.2
2.2
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Authors: This section was edited for length and clarity. In general, journal guidelines dictate that the total introduction length does not exceed 150 words and that each individual statement does not exceed 30 words.

1.1. Alessandra Sacco: The cells responsible for the origin of rhabdomyosarcoma have not yet been identified due to multiple subtypes and heterogeneity of stimuli for this tumor. We describe a reliable and reproducible method that can be used for the identification of rhabdomyosarcoma’s cells of origin starting from freshly harvested tumor tissue.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Francesca Boscolo Sesillo: The main advantages of tumorsphere formation are that it is based on cellular properties known to be present on tumor originating cells and that it can be used for expansion and enrichment of the cell population of interest. Furthermore, spheroid structures recreate the tumor tissue environment and can therefore be used for drug screening studies.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Francesca Boscolo Sesillo: This method has the potential to be applied to other types of tumor because it does not rely on previous knowledge of molecular markers, but it may require optimization of some conditions.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.4. Francesca Boscolo Sesillo: Tumorspheres will take some time to form, especially when attempting to identify a rare cell population within a tumor. Therefore, it is not recommended to look at the culture plates every day as it may negatively affect the results of the assay. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Note: No need to introduce the demonstrator since Dr. Boscolo Sesillo already made some introductory interview statements.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of the Sanford Burnham Prebys Medical Discovery Institute. 

Section - Protocol
2. Cell Isolation and Culture
2.1. Start by warming up a 10-centimeter plate with 5 milliliters of isolation media in an incubator at 37 C [1-TXT]. Weigh 500 to 1,000 milligrams of the tumor tissue and place it in the plate [2]. 
2.1.1. WIDE: Establishing shot of talent bringing plate to incubator. TEXT: One plate per tumor sample
2.1.2. Talent weighing tumor tissue and placing it in the plate. 
2.2. Bring the plate with the tumor tissue to a sterile culture hood and mince it with a razor blade [1]. For optimal digestion, make sure that the sizes of the minced pieces are uniform [2]. Videographer: This step is important and most difficult!
2.2.1. Talent placing the plate with the tissue into the hood. 
2.2.2. Talent mincing tissue, demonstrating what properly minced pieces should look like.
2.3. Transfer the minced tissue and cell isolation media to a 15-milliliter centrifuge tube [1], wash the plate with another 4 milliliters of media, and add that to the tube [2]. Add 700 units per milliliter of collagenase solution [3] to the tube and incubate it in a shaking water bath at 37 C for one and a half hours [4].
2.3.1. Talent transferring tissue and media to tube. 
2.3.2. Talent adding media to plate, rinsing it and then adding that to the centrifuge tube. 
2.3.3. Talent adding collagenase solution to the tube. 
2.3.4. Talent placing tube in a shaking water bath.

2.4. After the incubation, spin down the tissue at 300 x g for 5 minutes at room temperature [1]. Aspirate the supernatant without disrupting the pellet, then resuspend the pellet in 10 milliliters of second digestion solution [2] and incubate in the shaking water bath for 30 more minutes [3-TXT]. 

2.4.1. Talent putting tube in centrifuge and closing the lid. 
2.4.2. Talent aspirating the supernatant and then resuspending pellet. 
2.4.3. Talent placing the tube into the shaking water bath. TEXT: 37 C Videographer NOTE: DNS, use 2.3.4.

2.5. After the second digestion, pipet the cell suspension up and down [1] and pass it through a 70-micrometer nylon filter on a 50-milliliter centrifuge tube [2]. Then, wash the filter with 10 milliliters of cell isolation media [3] and spin down the tissue at 300 x g for 5 minutes [4]. 

2.5.1. Talent pipetting the cell suspension up and down. 
2.5.2. Talent passing the suspension through the filter. 
2.5.3. Talent washing the filter. 
2.5.4. Talent putting tube in centrifuge, closing the lid and starting the centrifuge.

2.6. Aspirate the supernatant and resuspend the pellet in 20 milliliters of tumor cell media [1]. Transfer the suspension to a 15-centimeter culture plate [2] and place the cells in a 37 C incubator overnight [3-TXT].

2.6.1. Talent aspirating the supernatant and resuspending the pellet. 
2.6.2. Talent transferring the suspension to the culture plate. 
2.6.3. Talent placing the plate in the incubator. TEXT: Plate P0 

2.7. On the next day, change the media to remove debris and dead cells that may negatively influence cell survival [1]. At this point, asses cell confluency [2] and allow the cells to grow in the incubator until they reach 90% [3]. Monitor the cells every day and change the media every 2 days [4]. 

2.7.1. Talent changing media. 
2.7.2. Talent checking cell confluency. 
2.7.3. Talent placing the cells back in the incubator. Videographer NOTE: Only 1 take, can also use 2.6.3
2.7.4. Talent taking the cells out of the incubator and looking at them. Videographer NOTE: Can also use 2.7.2

3. Tumorsphere Derivation 
3.1. For tumorsphere derivation, use cells at passage P1 or P2 to avoid cell selection through multiple passages [1]. Wash the cell dish with PBS and then cover them with detachment solution [2-TXT]. Place them in the incubator for 5 to 10 minutes [3] and then confirm detachment by looking at the plate under a bright-field microscope [4].
3.1.1. WIDE: Talent taking the cells out of the incubator. 
3.1.2. Talent washing the cell dish and then adding detachment solution. TEXT: 5mL for 10cm plate; 15mL for 15cm plate
3.1.3. Talent putting cells in incubator. 
3.1.4. Talent looking at the cells through microscope.
3.2. Once the cells have detached, add tumor cell media to the plate and transfer the cell suspension to a centrifuge tube [1-TXT]. Spin the cells down at 300 x g for 5 minutes [2], remove supernatant, and resuspend the cells in tumorsphere media [3].
3.2.1. Talent adding media and then transferring cells. TEXT: 1:1 cell detachment solution: tumor cell media 
3.2.2. Talent placing cells in centrifuge and starting it. 
3.2.3. Talent resuspending cells 

3.3. After resuspending the cells, count them using trypan blue and calculate cell concentration [1]. Plate the proper number of cells in a 96-well low attachment plate [2] and place the cells in the incubator until the end of the experiment, taking care not to disturb the plate unless replenishing media [3]. Videographer: This step is important!

3.3.1. Talent counting cells. 
3.3.2. Talent pipetting cells into wells. 
3.3.3. Talent putting the plate in an incubator.

3.4. After completion of experiment, identify tumorspheres manually under a bright-field microscope or using Celigo software [1]. The number and size of the tumorspheres can be evaluated as a result of this assay [2]. 

3.4.1. Talent using the microscope. 
3.4.2. SCOPE: Tumorspheres 
4. Tumorsphere Preparation for Allograft Transplantation  
4.1. To prepare tumorspheres for allograft transplantation, pool together all tumorspheres obtained from a specific cell type or treatment [1]. Centrifuge the tumorspheres [2-TXT] and carefully remove the supernatant with a 1-milliliter pipette followed by a 200-microliter pipette. Then, the wash them with 10 milliliters of sterile PBS [3].                                                 
4.1.1. Talent pooling together tumorspheres in one tube.
4.1.2. Talent placing tube in centrifuge and starting it. TEXT: 300 x g; 5 minutes
4.1.3. Talent removing supernatant with a 1 mL and 200 microliter pipette and adding PBS. 
4.2. Spin the tumorspheres down again and aspirate the PBS [1]. Add 500 microliters to 1 milliliter of cell detachment solution on top of the tumorsphere pellet [2] and incubate the cells in a shaking water bath at 37 C [3]. Check progression of digestion every 10 minutes, the entire process may take up to 30 minutes [4-TXT]. Videographer: This step is important and most difficult!
4.2.1. Talent taking the tube out of the centrifuge and aspirating PBS. 
4.2.2. Talent adding detachment solution to pellet.
4.2.3. Talent placing the tube in the shaking water bath. 
4.2.4. Talent taking the tube out of the water bath and checking digestion. TEXT: Pipette up and down for mechanical disruption 

4.3. Francesca Boscolo Sesillo: If digestion of the tumorspheres in the shaking water bath is not enough to obtain a single cell solution, mechanical disruption through pipetting up and down is best.

4.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
4.4. Note that after spinning the tumorspheres do not form a stable pellet, so aspirating the supernatant should be done carefully with a 1 milliliter pipette [1-2]. [2].
4.4.1. Talent carefully aspirating supernatant. 
4.4.2. Talent putting down the 1mL pipette and picking up the 200μL pipette, then continuing to aspirate supernatant. NOTE: Talent demonstrated switching pipettes in step 4.1.3., so the VO had to be moved up.
4.5. Once a single cell solution is obtained, add a volume of tumor cell media [1-TXT] and spin it down at 300 x g for 5 minutes at 4 C [2]. After this centrifugation, all subsequent steps must be performed on ice [3]. Videographer: This step is important!
4.5.1. Talent adding tumor media. TEXT: 1:1 cell detachment solution: tumor cell media
4.5.2. Talent putting tube in centrifuge and starting it. 
4.5.3. Talent taking the tube out of the centrifuge and putting it on ice.

4.6. Resuspend the cells in cold tumor cell media [1] and count live cells using Trypan blue exclusion [2]. Determine the proper number of cells for the allograft and dilute it in 50 microliters of cold tumor cell media [3].

4.6.1. Talent resuspending cells, with the tumor cell media on ice in the shot. 
4.6.2. Talent counting cells. Videographer NOTE: DNS; use 3.3.1
4.6.3. Talent preparing the 50μL solution.

4.7. Place a pipette tip in cold tumor cell media to cool it [1] and then use it to take 50 microliters of cold ECM solution and add it to the tube with the cells, making sure to not remove the ECM tube from ice during this process [2]. Videographer: This step is important!

4.7.1. Talent putting the pipette tip into the cold cell media. 
4.7.2. Talent using the pipette tip to add ECM solution to the tube with cells, with all tubes on ice in the shot.

4.8. [bookmark: _GoBack]Maintain the cells on ice until transplantation [1] and place a capped 0.5 milliliter insulin syringe with a 29 Gauge needle on ice [2]. 

4.8.1. Cells on ice 
4.8.2. Talent placing the syringe on ice. 

4.9. After confirming that the mouse has been properly anesthetized, shave the right side of the animal [1], aspirate the cell solution into the cooled syringe, and inject the cells subcutaneously into the shaved area [2]. If the injection is performed correctly, a visible bump will form under the skin [3]. Videographer: This step is important!

4.9.1. Talent shaving mouse. 
4.9.2. Talent injecting cells into mouse. 
4.9.3. Bump under the mouse’s skin.





Section – Results
5. Results: Tumorsphere Derivation and Transfection
5.1. This protocol can be used to reliably form tumorspheres for identification of rare cell populations that are responsible for soft tissue sarcoma development [1]. A fundamental part of this assay is discrimination between tumorspheres and cell clusters, which exhibit clear morphological differences [2]. 
5.1.1. Figure 1C; 3rd panel from left. 
5.1.2. Figure 1C; last two panels. Video Editor: Label the 3rd panel ‘Tumorsphere’ and the 4th panel ‘Cell Cluster’.  
5.2. To determine the optimal concentration at which a protein of interest triggers an effect on tumor cells it is necessary to assess the level of expression of the protein’s downstream targets [1]. Three of the tested genes showed a dose-dependent response to recombinant protein treatment [2] and one did not [3].
5.2.1. Figure 2.
5.2.2. Figure 2. Video Editor: Emphasize all of the p21, CyclinD1, and Socs3 bars.
5.2.3. Figure 2. Video Editor: Emphasize all of the c-Myc bars. 
5.3. In order to establish an efficient protocol, the effects of transfection on adherent tumor cells were analyzed [1]. Two different amounts of reagent were tested, and efficiency was assessed with a GFP reporter plasmid. Lower amounts of reagent resulted in higher transfection efficiency [2].
5.3.1. Figure 3 A. 
5.3.2. Figure 3 A. Video Editor: Emphasize the top row of images.

5.4. A 2-step protocol had to be implemented to perform transfection on cells in suspension. Transfection was performed on adherent cells, and 24 hours later they were detached and plated in suspension. After 7 days, control tumorspheres were expressing GFP [1].    

5.4.1. Figure 3B.  


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Alessandra Sacco: When trying to identify a rare cell population, tumorsphere formation might require long lag times and may need to be performed in multiple technical replicates. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer NOTE: DNS 

6.2. Alessandra Sacco: After tumorspheres are obtained, treated and transplanted, it is possible to compare the effect of different treatments on tumor growth in vivo.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

6.3. Alessandra Sacco: This technique will allow scientists to answer the still-standing question about rhabdomosarcoma cells of origin, and, at the same time, set the basis for drug screening.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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