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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N
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: Carl Zeiss Primo Vert Inverted Microscope (IX50 or T2).
2. Does your protocol include software usage? (Y/N) Y For cell sorting FlowJo software v10 will be used. If this is important, we will have to add that information to the manuscript as well.
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. 
2.4 – 2.6
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.)
5.3: Titration of serum concentration to guarantee viability of the cells. 5.3. and 6.3: Cell density. (Ideally show too dense plating (high density) and ideal density)
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 2 additional rooms (1 cell culture room adjacent to the lab, 1 conference room on the floor below the lab)


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

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

1.1. Giacomo Della Verde: Differentiation of cardiac progenitor cells or CPCs upon amplification requires a fate switch from a proliferating to a committed state. This protocol induces efficient endothelial lineage in CPCs [1].

1.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.2. Giacomo Della Verde: A major advantage of the technique is that it is applicable to CPCs isolated based on different techniques and from different species [1].

1.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.


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


1.3. Habiba Soliman: This protocol can be used to enhance the therapeutic potential of CPCs for cell therapy. It can also be used to investigate the potential and mechanisms of differentiation and how they are affected by cardiac disease [1].

1.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.4. Habiba Soliman: CPCs are an inhomogeneous population of cells that may differ in size, shape and potency. Therefore, the protocol has to be adjusted according to the specific subpopulation of CPCs used [1].

1.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.








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

1.5. The use of mice for cell isolation purpose was in accordance with the Guide for the Care and Use of Laboratory Animals and with the Swiss Animal Protection Law and was approved by the Swiss Cantonal Authorities.

Section - Protocol
2. Tissue Preparation and Digestion
2.1. After anesthetizing the mouse [1-TXT], wipe down its chest with 70 percent ethanol [2]. Using scissors, cut the skin and the thoracic wall to expose the thoracic cavity [3].
2.1.1. MED: Establishing shot of the talent, at the lab bench, as they handle the anesthetized mouse. TEXT: See text for details on anesthetizing mice. Video Editor: Keep this text overlay up for all of 2.1.1 and 2.1.2.
2.1.2. CU: Talent wipes down the mouse’s chest with ethanol.
2.1.3. CU: Talent uses scissors to cut the mouse’s skin and thoracic wall, exposing the thoracic cavity.
2.2. Use forceps to lift the heart, and then use scissors to cut it at the base [1]. Transfer the heart to a P60 culture dish containing 5 milliliters of cold PBS [2-TXT], and then use forceps to pump the heart and eject the blood out of the cavities [3].
2.2.1. CU: Talent uses forceps to lift the mouse’s heart, and then uses scissors to cut it at the base.
2.2.2. MED: Talent transfers the heart to a culture dish containing PBS. TEXT: See text for details on using P100 dishes
2.2.3. CU: Talent uses forceps to pump the heart. Videographer: Make sure that the blood being ejected from the cavities is clearly visible in the shot.
2.3. Place the heart in a P60 dish containing 5 milliliters of cold PBS and wash it [1]. Use small scissors to remove the atria [2]. Cut the heart into two longitudinal pieces [3], and wash them in 5 milliliters of ice-cold PBS [4].
2.3.1. MED: Talent transfers the heart to a P60 dish containing PBS and washes it.
2.3.2. CU: Talent uses small scissors to remove the atria.
2.3.3. CU: Talent cuts the heart into two longitudinal pieces.
2.3.4. MED: Talent washes the heart pieces in PBS and transfers them into new P60.
2.4. [1]. Using small scissors, cut the heart pieces into smaller sections [2]. Add a drop of a Hank’s balanced salt solution containing collagenase B at a concentration of 1 milligram per milliliter [3-TXT], and use a sterile razor blade to mince the small heart pieces thoroughly [4].
2.4.1. MED: Talent transfers the pieces to a new P60 dish containing PBS.
2.4.2. CU: Talent uses small scissors to cut the heart pieces into small sections.
2.4.3. MED: Talent adds a drop of the mentioned solution. TEXT: HBSS Hank’s balanced salt solution
2.4.4. CU: Talent uses a sterile razor blade to mince the heart pieces.
2.5. Next, add 2.5 milliliters of the collagenase B solution to the dish [1]. Place the dish at a 30 degree angle in an incubator at 37 degrees Celsius [2].
2.5.1. MED: Talent adds collagenase B to the dish.
2.5.2. MED: Talent transfers the dish to an incubator, and places it at a 30° angle.
2.6. Let the minced heart pieces incubate for a maximum of 30 minutes [1] while repeatedly passing them through a Pasteur pipette every 10 minutes during the incubation [2].
2.6.1. MED: Talent, at the incubator, sets a timer for 30 minutes.
2.6.2. MED: Talent passes the minced heart pieces through a Pasteur pipette.


3. Filtration
3.1. First, add 5 milliliters of cold HBSS – supplemented with 2 percent FBS – to the minced and homogenized heart pieces [1]. Using a 100 micrometer filter, filter the heart pieces to remove any digested tissue [2].
3.1.1. MED: Talent adds the mentioned solution (HBSS with 2% FBS) to the minced and homogenized heart pieces.
3.1.2. MED: Talent uses a 100 micrometer filter to filter the heart pieces. Videographer: This can be filmed as a CU if that captures the action more clearly.
3.2. Centrifuge at 470 x g and at room temperature for 5 minutes [1]. Discard the supernatant and re-suspend the pellet in 5 milliliters of red blood cell lysis buffer [2]. Incubate on ice for 5 minutes, with occasional shaking [3].
3.2.1. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
3.2.2. MED: Talent re-suspends the pellet with 5 mL of red blood cell lysis buffer. The supernatant should be discarded prior to this shot.
3.2.3. MED: Talent removes the sample from an ice bucket and shakes it. The sample should be clearly visible in the ice bucket when the shot begins.
3.3. After this, add 10 milliliters of PBS [1] and filter the sample through a 40 micrometer filter to exclude larger cells, including residual cardiomyocytes [2]. Centrifuge at 470 x g and at room temperature for 5 minutes without the brake [3]. Then, re-suspend the cells in DMEM – supplemented with 10 percent FBS – aiming for a final cell concentration of 1 million cells per milliliter [4].
3.3.1. MED: Talent adds PBS to the sample.
3.3.2. MED: Talent filters the sample through a 40 micrometer filter.
3.3.3. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
3.3.4. MED: Talent re-suspends the cell pellet with supplemented DMEM.
3.4. Distribute the cells into two tubes for staining and sorting – adding 1.5 milliliters of the cell solution to one tube, and 3.5 milliliters to the second tube [1]. 
3.4.1. MED: Talent distributes the cells into the two tubes as described. Perform the full distribution to cover the length of the voiceover narration. Videographer: Make sure the labeling on the tubes – which indicates that one tube contains Verapamil as the negative control (labeled as “Verapamil”) and the other contains cells that will be sorted (labeled as “Sorting”) – is clearly readable in the shot. This can shot can be filmed as a CU if that ensures the labeling is clear.
3.4A. 	Add Hoechst solution and incubate at 37 degrees Celsius for 90 minutes [1], with occasional flipping to ensure equal distribute of the dye and prevent clotting of the cells [2]. The side population appears at the Hoechst-low lower left corner, aside of the main population, in the FACS plot and can be identified based on the negative control, in which Verapamil prompts the side population to disappear [3].
3.4.2. [bookmark: _GoBack][Added Shot]: MED: Talent adds Hoechst solution into the tubes.
3.4.3. [Added Shot]: MED: Talent flips the wrapped tubes.
3.4.4. [Added Shot]: MED: Show the talent at workstation reviewing FACS plots on the screen.
4. Primary Culture of Isolated SP-CPCs
4.1. Warm up Medium 1 to 37 degrees Celsius [1], and cool down the centrifuge to 4 degrees Celsius [2]. Centrifuge the sorting tubes at 470 x g and at 4 degrees Celsius for 6 minutes [3]. Then, re-suspend the cells in Medium 1 [4].
4.1.1. MED: Talent places a vessel of Medium 1 into an incubator or water bath to heat it.
4.1.2. MED: Talent adjusts the centrifuge’s temperature to 4 °C.
4.1.3. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
4.1.4. MED: Talent re-suspends the cell pellet in Medium 1.
4.2. Transfer the cells to a gas-permeable P60 dish containing 4 milliliters of Medium 1 [1]. Change the medium every 3 days until the cells have reached a confluence between 70 and 80 percent [2].
4.2.1. MED: Talent transfers the cells to a gas-permeable P60 dish.
4.2.2. MED: Talent changes the medium in the P60 dish.

5. SP-CPC Growth and Viability Under Different Serum Concentrations
5.1. Culture SP-CPCs for 2 to 3 days in T75 flasks – using 8 milliliters of Medium 1 in each flask [1-TXT]. Next, carefully aspirate the medium and gently rinse the flask with 5 milliliters of warm HBSS [2-TXT].
5.1.1. MED: Talent prepares T75 flasks for culture. Any action taken when preparing or culturing these flasks can be shown here. TEXT: SP-CPC: Side population cardiac progenitor cells
5.1.2. MED: Talent aspirates the medium from a flask, and then rinses it with warm HBSS. TEXT: Prewarm HBSS to 37 °C.
5.2. Treat the cells with 5 milliliters of Trypsin-EDTA for 5 minutes at 37 degrees Celsius with 5 percent carbon dioxide [1]. Then, add 5 milliliters of Medium 1 to stop the Trypsin activity [2], and transfer the cell suspension to a 15 milliliter tube [3].
5.2.1. MED: Talent transfers the cells to an incubator. The Trypsin-EDTA can be added prior to this shot.
5.2.2. MED: Talent adds 5 mL of Medium 1 to the cells. [Shots 5.2.2 and 5.2.3 combined]
5.2.3. MED: Talent transfers the cell suspension to a 15 mL tube.
5.3. Centrifuge at 470 x g for 5 minutes at room temperature [1]. Next, re-suspend the cells in either Medium 1 or Medium 2 [2]. Plate the cells on P60 dishes – plating 250,000 SP-CPCs per dish with 3 milliliters of medium containing different serum concentrations [3].
5.3.1. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
5.3.2. MED: Talent re-suspends the cell pellet.
5.3.3. MED: Talent places the SP-CPCs on P60 dishes.
5.4. After 2 days of culturing, collect the medium from each dish into a 15 milliliter tube to collect the dead cells [1]. Trypsinize the adherent cells as previously described [2], and collect the cell suspension into the 15 milliliter tube that contains the collected medium [3].
5.4.1. MED: Talent collects the medium from the P60 dishes into a 15 mL tube.
5.4.2. MED: Talent adds Trypsin-EDTA to the P60 dishes. Alternatively, any action taken while trypsinizing the cells can be shown here.
5.4.3. MED: Talent collects the cell suspension into the 15 mL tube.
5.5. Centrifuge at 840 x g for 5 minutes at room temperature [1]. Then, aspirate the supernatant and add 1 milliliter of either Medium 1 or Medium 2 for cell counting [2]. Stain the SP-CPCs will trypan blue and count the viable and dead cells [3].
5.5.1. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
5.5.2. MED: Talent adds 1 mL of either Medium 1 or Medium 2 to the cell suspension. The supernatant can be aspirated prior to this shot.
5.5.3. MED: Talent stains the cells with typan blue. A shot of the talent, at the microscope, counting the cells can also be filmed.

6. Induction of Endothelial Differentiation 
6.1. First, aspirate the medium from the prepared cells [1], and rinse them gently with 5 milliliters of warm HBSS [2-TXT]. Treat the cells with 5 milliliters of Trypsin-EDTA for 5 minutes in the cell incubator [3]. Then, add 5 milliliters of Medium 1 to stop the Trypsin activity [4].
6.1.1. MED: Talent aspirates the medium from the prepared cells.
6.1.2. MED: Talent rinses the cells with HBSS. TEXT: Prewarm HBSS to 37 °C
6.1.3. MED: Talent transfers the cells to the incubator.
6.1.4. MED: Talent adds Medium 1 to the cells.
6.2. Transfer the cell suspension to a 15 milliliter tube [1], and centrifuge at 470 x g for 5 minutes at room temperature [2]. Aspirate the supernatant, and add Medium 2 for cell counting [3].
6.2.1. MED: Talent transfers the cell suspension to a 15 mL tube.
6.2.2. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
6.2.3. MED: Talent aspirates the supernatant.
6.2.4. MED: Talent adds Medium 2 to the cells.
6.3. Next, seed 80,000 cells into each well of a pre-coated 6 well culture plate with 3 milliliters of Medium 2 [1-TXT]. Keep the plate at 37 degrees Celsius for 20 – 24 hours [2], and then change the medium in each well to 3 milliliters of Medium 3 [3].
6.3.1. MED: Talent seeds cells into each well of the pre-coated culture plate. TEXT: See text for details on coating culture plate.
6.3.2. MED: Talent places the plate into an incubator.
6.3.3. MED: Talent changes the medium on the plate to Medium 3.
6.3.4. SCOPE: Videographer: If possible, capture images of the cell density after 3 days on the culture plate – getting an image of one example of plating that is too dense, and one that is ideal.
6.4. Culture the plate for 21 days, changing the medium ever 3 days [1]. After this, stain the cells with an endothelial marker [2] and perform fluorescence microscopy to verify the endothelial nature of the differentiated cells [3].
6.4.1. MED: Talent removes the plate from the incubator, and then changes the medium.
6.4.2. MED: Talent stains the cells with an endothelial marker. Any action taken during the staining process can be shown here.
6.4.3. MED: Show the talent at a workstation computer reviewing previously obtained microscopy images. Video Editor: Figure 7C can be shown instead if it shows the information more clearly than the shot.

7. Tube Formation Assay
7.1. First, aspirate the medium from the prepared cells [1], and rinse them gently with 5 milliliters of warm HBSS [2-TXT]. Treat the cells with 2 milliliters of Trypsin-EDTA for 5 minutes in the cell incubator [3]. Then, add 3 milliliters of Medium 3 to stop the Trypsin activity [4].
7.1.1. MED: Talent aspirates the medium from the prepared cells.
7.1.2. MED: Talent rinses the cells with HBSS. TEXT: Prewarm HBSS to 37 °C
7.1.3. MED: Talent transfers the cells to the incubator. Alternatively, a shot of the talent adding the Trypsin-EDTA can be filmed.
7.1.4. MED: Talent adds Medium 3 to the cells.
7.2. Transfer the cell suspension to a 15 milliliter tube [1], and centrifuge at 470 x g for 5 minutes at room temperature [2]. Aspirate the supernatant [3], and add 1 milliliter of Medium 3 – pipetting gently to mix [4].
7.2.1. MED: Talent transfers the cell suspension to a 15 mL tube.
7.2.2. MED: Talent places the tube into centrifuge, and closes the centrifuge lid.
7.2.3. MED: Talent aspirates the supernatant.
7.2.4. MED: Talent adds Medium 3 to the cells, and pipettes up and down gently to mix.
7.3. Count the cells, and seed between 2,000 and 4,000 cells – in 100 microliters of Medium 3 – to each matrix coated well of a 96-well plate [1-TXT]. Incubate the plate at 37 degrees Celsius for 16 hours [2].
7.3.1. MED: Talent seeds cells into each matrix coated well of a 96-well palte. TEXT: See text for details on coating plate.
7.3.2. MED: Talent places the 96-well into an incubator.
7.4. After this, use a bright-field microscope at 2X magnification to take a picture of the cells [1].
7.4.1. MED: Talent, at the bright-field microscope, takes a picture of the cells.






Section – Results
8. Results: Endothelial Differentiation in Cardiac Progenitor Cells
8.1. In this study, suitable conditions are explored for the facilitation of endothelial lineage commitment of cardiac progenitor cells [1]. When the cell confluency is at or below 60 percent, no significant difference is seen the samples treated with 3.5 percent FBS [2]. 
8.1.1. LAB MEDIA: Figure 4
8.1.2. LAB MEDIA: Figure 4 – Video Editor: Emphasize the columns in Figure 4A and 4C to stress that there is no significant difference between them.
8.2. When cells at this confluency are treated with 0.1 percent FBS [1], they show a decrease in cell proliferation on laminin when compared to fibronectin [2], but show no increase in cell death [3]. In contrast, cells at a high confluency show no significant difference in either cell proliferation or cell death between the two conditions [4-TXT].
8.2.1. LAB MEDIA: Figure 4
8.2.2. LAB MEDIA: Figure 4. Video Editor: In Figure 4B, emphasize the columns for LN (laminin) and FN (fibronectin) when they are mentioned in the voiceover narration to stress the comparison between the two.
8.2.3. LAB MEDIA: Figure 4. Video Editor: In Figure 4D, emphasize both columns to stress that there is no significant difference between them.
8.2.4. LAB MEDIA: Figure 5. TEXT: Confluency: 80 – 90%. Video Editor: In each subfigure, emphasize the two columns to stress that there is no significant difference between them.
8.3. Changes in cell shape appear to be an indicator of suitable culture conditions in which endothelial differentiation is going to be successful [1]. 
8.3.1. LAB MEDIA: Figure 6.
8.4. Within 7 to 14 days in the endothelial differentiation medium, successful cultures are seen to contain larger cells with different morphology [1]. Interestingly, these cells disappeared towards the end of the differentiation phase, and tended to appear in lower numbers and at later time points in high-density cultures [2].
8.4.1. LAB MEDIA: Figure 6. Video Editor: Emphasize the areas that contain cells that are larger and have a different morphology. These areas are bounded by white dashed circles in the original Figure 6. Hold this emphasis for 8.4.2.
8.4.2.  LAB MEDIA: Figure 6. Video Editor: Maintain the emphasis from 8.4.1.
8.5. Tube formation is consistently successful in cells plated at low density and differentiated on laminin [1], while it is seen to mostly fail in cell plated at high density [2].
8.5.1. LAB MEDIA: Figure 7. Video Editor: Show only Figure 7A. Emphasize the left-most image (“Low cell density 0.1% FBS”). The tube structures in that image can be emphasized instead of the entire image, if that looks better.
8.5.2. LAB MEDIA: Figure 7. Video Editor: Still show only Figure 7A. Emphasize the right-most image (“High cell density 0.1% FBS”). 
8.6. While tube formation is mostly unsuccessful in cell cultured on fibronectin irrespective of cell density [1], those differentiated at a low density sometimes form rudimentary tubes [2].
8.6.1. LAB MEDIA: Figure 7. Video Editor: Show only Figure 7B.
8.6.2. LAB MEDIA: Figure 7. Video Editor: Still show only Figure 7B. Emphasize the left-most image (“Low cell density 0.1% FBS”). The tube structures in that image can be emphasized instead of the entire image, if that looks better.



Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Giacomo Della Verde: The serum concentration and cell density to induce endothelial lineage are crucial. They have to be adjusted to guarantee slowing of proliferation while maintaining viability [1] [2].
9.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
9.1.2. Show parts of shots from 5.3 and 6.3 side-by-side
9.2. Giacomo Della Verde: Upon lineage induction, CPCs isolated from humans or preclinical disease models may be used for cell transplantation studies to assess their in vivo differentiation potential [1].
9.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
9.3. Giacomo Della Verde: This protocol could help to study or establish novel cardiac regeneration tools. It was previously used to study the molecular mechanisms of early lineage commitment [1].
9.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
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