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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations? N


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. Emmanouil Tampakakis: Our method aims to generate heart field specific cardiac progenitor cells from mouse embryonic stem cells [1].

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

1.2. Matthew Miyamoto: This heart field reporter stem cell line allows the high throughput study of the mechanisms underlying congenital heart disease, providing a system that is amenable to genetic and pharmacological manipulation [1].

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. Emmanouil Tampakakis: There are several chamber-specific congenital heart diseases. By recapitulating cardiogenesis in vitro, this protocol allows the study of disease mechanisms and the development of future regenerative therapies [1].

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

1.4. Matthew Miyamoto: This protocol can provide insights into how different chamber-specific cardiac progenitor cells are specified during heart development [1].

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

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) at Johns Hopkins University.

Section - Protocol
2. Mouse Embryonic Stem Cell (mESC) Maintenance
2.1. Begin by growing transgenic mouse embryonic stem cells in 0.1% gelatin-coated T25 flasks in 2i (two-eye) medium [1-TXT].
2.1.1. WIDE: Talent adding cells to flask, with medium container visible in frame TEXT: i.e., mESCsTbx1-Cre; Rosa-RFP; HCN4-GFPand mESCIsl1-RFP
2.2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]When the cells reach 70-80% confluence, rinse the cultures with PBS [1] and add 1 milliliter of trypsin per flask to dissociate the culture into single cells at 37 degrees Celsius for 3 minutes [2].
2.2.1. MED: Talent rinsing flask, with PBS container visible in frame
2.2.2. CU: Trypsin being added to flask, with trypsin container label visible in frame
2.3. When the cells have detached, neutralize the reaction with 4 milliliters of 10 FBS (F-B-S) in DMEM (D-M-E-M) [1-TXT] and count the cells by an appropriate method [2].
2.3.1. MED: Talent adding medium to flask, with medium container visible in frame TEXT: See text for all medium/solution preparation details
2.3.2. MED: Talent adding cell sample to cell counter
2.4. Dilute the cells to an approximately 3 x 105 cells per fresh medium concentration [1] and collect the cells by centrifugation [2-TXT].
2.4.1. MED: Talent adding medium to cells, with medium container visible in frame
2.4.2. MED: Talent adding tube(s) to centrifuge TEXT: 3 min, 270 x g, RT
2.5. Then resuspend the pellet in 5 milliliters of fresh 2i medium for re-plating onto new, 0.1% gelatin-coated T25 flasks [1].
2.5.1. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame
3. Cardiac Progenitor Cell (CPC) Generation
3.1. For CPC (C-P-C) generation from cardiac spheroids, collect 2.5 x 106 of the detached transgenic mouse embryonic stem cell sample by centrifugation [1] and resuspend the cells in 25 milliliters of SFD (S-F-D) medium [2].
3.1.1. WIDE: Talent adding tube(s) to centrifuge
3.1.2. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame
3.2. Plate the cell suspension into one 150- x 25-millimeter sterile plate [1] for incubation at 37 degrees Celsius and 5% carbon dioxide for 48 hours [2-TXT]. 
3.2.1. MED: Talent adding cells to plate
3.2.2. MED: Talent placing plate into incubator TEXT: Cardiac spheres form after 24 h
3.3. At the end of the incubation, collect the cardiac spheroids into a conical tube [1] and sediment the spheroids by centrifugation to facilitate the selective isolation of the spheroids and to avoid single cells [2-TXT].
3.3.1. CU: Spheroid(s) being collected
3.3.2. MED: Talent placing tube(s) into centrifuge TEXT: 3 min, 145 x g, RT
3.4. Resuspend the spheroids in 25 milliliters of fresh SFD medium supplemented with 1 nanogram/milliliter of Activin A and 1.5 nanogram/milliliter of bone morphogenic protein 4 [1] and re-plate the spheroids back onto the same culture plate for a 24-hour incubation in the cell culture incubator [2].
3.4.1. CU: Shot of pellet, then medium being added to tube, with medium and supplement container labels visible in frame
3.4.2. MED: Talent adding spheroids to plate
3.5. The next day re-collect all of the cardiac spheroids by centrifugation [1] and resuspend the differentiated embryoid bodies in 25 milliliters of fresh SFD medium [2] for plating in an ultra-low attachment, 75-centimeter-squared flask in the cell culture incubator for 48 hours [3].
3.5.1. MED: Talent adding spheroids to tube, with culture plate and centrifuge visible in frame as possible
3.5.2. CU: Shot of pellet, then medium being added to spheroids, with medium container label visible in frame
3.5.3. CU: Spheroids being placed onto flask
4. Heart Field-Specific CPC Isolation by Fluorescent Protein Reporter Expression
4.1. For isolation of heart field-specific CPC using fluorescent reporters, collect the embryoid bodies by centrifugation [1] and dissociate the 3D cultures with 1 milliliter of trypsin at 37 degrees Celsius for 3 minutes [2].
4.1.1. WIDE: Talent adding tube(s) to centrifuge
4.1.2. MED: Talent adding trypsin to pellet, with trypsin container visible in frame
4.2. At the end of the incubation, mix well by pipetting to dissociate the cells [1] and neutralize the reaction with 4 milliliters of 10% FBS in DMEM [2].
4.2.1. CU: Cells being pipetted
4.2.2. CU: Medium being added to tube, with medium container label visible in frame
4.3. Pass the mixture over a 70-micrometer strainer to remove any non-dissociated embryoid bodies [1] and sediment the filtered cells by centrifugation [2-TXT].
4.3.1. CU: Cells being poured through filter
4.3.2. MED: Talent placing tube(s) into centrifuge TEXT: 3 min, 270 x g, RT
4.4. To sort the CPCs by their fluorescent reporter expression, resuspend the pellet in 500 microliters of FACS (facks) solution [1] and filter the cells through a 40-micrometer cell strainer into a 5-milliliter, polystyrene round-bottom tube on ice [2].
4.4.1. CU: Shot of pellet if visible, then FACS solution being added to tube, with FACS container label visible in frame
4.4.2. CU: Cells being added to strainer 
4.5. Then sort the cells to isolate the RFP (R-F-P)- and GFP (G-F-P)-expressing cells by FACS [1-TXT], collecting the cells in 1 milliliter of FBS [2].
4.5.1. MED: Talent loading sample onto cytometer TEXT: GFP: green fluorescent protein; RFP: red fluorescent protein
4.5.2. CU: Cells being sorted into tubes containing 1 milliliter of FBS and then placed on ice, with tube labels visible in frame
5. Heart Field-Specific CPC Isolation by Cell Surface Protein Marker Expression
5.1. To isolate first versus second heart field CPCs based on their surface protein CXCR4 (C-X-C-R-four) expression [1], resuspend single mouse embryonic stem cell RFP-expressing cardiac progenitor cells in 300 microliters of 10% FBS in PBS supplemented with fluorescence-conjugated anti-CXCR4 antibody [2-TXT].
5.1.1. WIDE: Talent taking tube(s) out of centrifuge
5.1.2. CU: Shot of pellet, then antibody being added to tube, with antibody container label visible in frame TEXT: See text for full Ab concentration details
5.2. After 5 minutes at room temperature, wash the cells three times in 1-2 milliliters of fresh cold PBS per wash [1-TXT].
5.2.1. MED: Talent adding PBS to tube TEXT: 3 min, 270 x g, RT, x3 
5.3. After the last wash, resuspend the cells in 500 microliters of FACS solution [1] and filter the cells through a 40-micrometer strainer into a 5-milliliter round-bottom tube [2].
5.3.1. CU: Shot of pellet if visible, then FACS solution being added to tube, with solution container label visible in frame
5.3.2. CU: Cells being filtered
5.4. Then sort the cells by their CXCR4 expression, collecting both the CXCR4-positive and -negative populations into individual tubes containing 1 milliliter of FBS per tube on ice [1].
5.4.1. CU: Cells being sorted into tubes containing 1 milliliter of FBS and then placed on ice with tube labels visible in frame
6. Heart Field-Specific CPC Analysis
6.1. To re-culture the FACS-isolated heart field-specific cardiac progenitor cells, collect the sorted cells by centrifugation [1] and resuspend the pellets in SFD medium [2]. 
6.1.1. WIDE: Talent adding tube(s) to centrifuge
6.1.2. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame
6.2. Then seed approximately 3 x 104 cells per well in a 0.1% gelatin-coated 384-well plate [1]. If an increased cell death is noted after sorting, add 10-micromolar of ROCK (rock) inhibitor to each well [2].
6.2.1. MED: Talent adding cells to well(s)
6.2.2. CU: ROCK inhibitor being added to well, with ROCK inhibitor container label visible in frame
6.3. Two days after culture, spontaneous beating should be observed [1].
6.3.1. LAB MEDIA: Authors: Do you have a movie of this we could show? If not, we can include this information as text over video
6.4. To analyze the ability of plated CPCs to differentiate to cardiomyocytes, collect the cells at day 12 of differentiation with trypsin as demonstrated [1] to isolate the single cardiomyocytes and resuspend the cells in 4% paraformaldehyde [2].
6.4.1. MED: Talent adding trypsin to cells, with trypsin container visible in frame
6.4.2. CU: Shot of pellet, then PFA being added to cells, with PFA container label visible in frame
6.5. After 30 minutes at room temperature, collect the fixed cells by centrifugation [1-TXT] and wash the pellet in PBS to remove the excess fixative [2].
6.5.1. MED: Talent placing tube(s) TEXT: 3 min, 895 x g, RT
6.5.2. CU: Shot of pellet if visible, then PBS being added to cells, with PBS container label visible in frame
6.6. Next, resuspend the cells in 10% FBS in PBS [1] and incubate half of the cell sample with mouse anti-Troponin T antibody and use the other half of the sample as a negative control [2].
6.6.1. CU: Shot of pellet if visible, then PBS + FBS being added to cells, with PBS + FBS container label visible in frame
6.6.2. CU: Antibody being added to tube, with antibody container and both two labels visible in frame
6.7. After 30 minutes at room temperature, wash the cells two times in fresh PBS [1] and resuspend the samples in 10% FBS plus PBS supplemented with an appropriate secondary antibody [2].
6.7.1. MED: Talent adding tube(s) to centrifuge
6.7.2. CU: Shot of pellet if visible, then antibody being added to tube, with antibody container label visible in frame
6.8. After another 30-minute incubation at room temperature, wash the cells two times in fresh PBS per wash [1] and resuspend the cells in 200 microliters of PBS per tube for analysis on a flow cytometer [2].
6.8.1. MED: Talent adding tube(s) to centrifuge
6.8.2. CU: Shot of pellet if visible, then PBS being added to tube, with PBS container label visible in frame



Section – Results
7. Results: Representative CPC Differentiation Characterization 

7.1. After approximately 132 hours of differentiation, T-B-X-1-RFP (T-B-X-one-R-F-P) [1] and Hcn4 (H-C-N-four)-GFP cardiac progenitor cells can be detected by fluorescence microscopy [2].

7.1.1. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize red signal
7.1.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize green signal

7.2. Generally, both GFP and RFP cells appear approximately around the same time and the two populations of progenitor cells continue to expand in close proximity and typically in a complementary pattern [1].

7.2.1. LAB MEDIA: Figure 2

7.3. Adjusting the concentrations of Activin A [1] and bone morphogenetic protein four [2] will alter the percentages of first [3] versus second heart field cardiac progenitor cells [4].

7.3.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize Activin A labels at top of figure
7.3.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize BMP4 labels at side of figure
7.3.3. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize GFP gates
7.3.4. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize RFP gates

7.4. Similarly using an RFP reporter mouse embryonic stem cell line, after 132 hours of differentiation, RFP-positive cardiac progenitor cells appear [1].

7.4.1. LAB MEDIA: Figure 4: Jove Video Editor please emphasize cells in gate in left graph

7.5. After immunostaining for CXCR4, RFP-positive [1] CXCR4-positive and RFP-positive CXCR4-negative cells can be isolated [2].

7.5.1. LAB MEDIA: Figure 4: Jove Video Editor please emphasize cells in top gate in right graph
7.5.2. LAB MEDIA: Figure 4: Jove Video Editor please emphasize cells in bottom gate in right graph

7.6. Immunostaining for cardiac Troponin T at day 12 of differentiation confirms that first heart field cells differentiate mainly into myocytes [1].

7.6.1. LAB MEDIA: Figure 5A and 5B: JoVE Video Editor please emphasize cells in gate in left graph of Figure 5A and cells in top left gate in Figure 5B

7.7. Similarly, cells derived from RFP-positive CXCR4-negative cardiac progenitor cells give rise to cardiomyocytes at much higher percentages [1] compared to CXCR4-single-positive cardiac progenitor cells [2].

7.7.1. LAB MEDIA: Figure 5A and 5C: JoVE Video Editor please emphasize cells in gate in right graph of Figure 5B and cells in gate in left graph of Figure 5C
7.7.2. LAB MEDIA: Figure 5A and 5C: JoVE Video Editor please keep cells in gate in right graph of Figure 5B emphasized and emphasize cells in gate in right graph of Figure 5C

7.8. Occasionally, mouse embryonic stem cells fail to differentiate efficiently and form very low numbers of heart field-specific cardiac progenitor cells [1]. 

7.8.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize cells in bottom right gate of top graph and gate of bottom graph


Section - Conclusion

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

8.1. Emmanouil Tampakakis: The timing, concentration, and consistency of the addition of the cytokines and the number of the cells are critical for a successful generation of chamber-specific cardiac progenitor cells [1].

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

8.2. Emmanouil Tampakakis: Following this procedure, investigators can analyze the physiological properties of the different populations of cardiac progenitor cells to obtain further insight into their specification and function [1].

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