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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/A
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? (Y/N) 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.

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.)
Most important steps are:
Steps 2.2, 2.4, 2.7, 3.13 
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.)
The most difficult aspect of this procedure is the enzymatic digestion of the tissue at step 2.5. Due to variability in each investigator’s enzyme activity and concentration, digestion time will decrease or increase to ensure full digestion of the tissue but not over digest the cells where they will die. We have discussed in the discussion section that the investigator may have to optimize the time and/or concentration to ensure success.  
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Between two buildings on two different floors attached by a skywalk.


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.

1.1. Linda Lee: Our protocol is optimized for the mouse model and utilizes materials that are readily available to all investigators. This technique can be applied to healthy, diseased, and genetically altered mouse models [1].

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

1.2. Linda Lee: Our protocol will enable investigators to answer questions about cardiac pericyte biology from any mouse model of disease or genetic variation [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. Vishnu Chintalgattu: This procedure will provide insight into cardiac pericyte biology and help us understand their contribution to cardiac homeostasis and hemodynamics in both health and disease [1].

1.3.1. 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)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Amgen Inc. [1].

1.4.1. Title Card


Section - Protocol
2. Preparation of Animal and Procurement of Cardiac Tissue and Dissociation of Heart Tissue
2.1. Place the anesthetized mouse in the supine position and tape down its forelimbs [1-TXT]. Carefully open the chest cavity and cannulate the descending aorta using a 25 Gauge butterfly needle [2].
2.1.1. MED: Talent places the anesthetized mouse in supine position and tape down its forelimbs. Avoid showing the mouse’s face. TEXT: See text for anesthetizing mouse
2.1.2. ECU: Mouse’s chest cavity and talent opens it and cannulates the descending aorta using a 25 Gauge butterfly needle.
2.2. Make a nick in the right atrium [1]. Then, perfuse the heart with at least 20 milliliters of 250 units per milliliter heparinized calcium magnesium free Dulbecco’s phosphate buffered saline at 2 milliliters per minute with a variable-flow peristaltic pump [2-TXT]. Perfusion is complete when clean PBS comes out of the right atria [3].
2.2.1. ECU: Heart as talent makes a nick in the right atrium.
2.2.2. MED: Talent perfuses the heart with 250 units per milliliter heparinized calcium magnesium free Dulbecco’s phosphate-buffered saline at 2 milliliters per minute with a variable-flow peristaltic pump. Use labeled containers whenever possible for viewer clarity.TEXT: DPBS = Dulbecco’s phosphate buffered saline
2.2.3. CU: Clean PBS dripping out of the right atria.
2.3. Cut the heart out at the aorta and place it into the ice-cold calcium magnesium free DPBS [1].
2.3.1. CU: Heart as talent cuts it out and places it into the ice-cold CMF-DPBS.
2.4. Then, transfer the heart into a 15 centimeter by 15 centimeter Petri dish [1]. Cut the heart into tiny pieces using spring scissors and fine point forceps with enough enzyme solution to cover the pieces [2-TXT].
2.4.1. CU: 15 cm by 15 cm Petri dish as talent transfers the heart there.
2.4.2. ECU: Heart as talent cuts it into tiny pieces using spring scissors and fine point forceps with enough enzyme solution to cover the pieces. TEXT: See text for enzyme solution
2.5. Now, transfer the pieces and solution into a 50 milliliter conical tube and seal with paraffin plastic film [1]. Incubate at 37 degrees Celsius on an orbital shaker at 120 rpm for 75 minutes [2].
2.5.1. CU: 50 mL conical tube as talent transfers the pieces there and seals it with paraffin plastic film.
2.5.2. MED: Talent places the tube into the orbital shaker in the incubator.
2.6. After collagenase digestion with the enzyme solution, decant the liquid through a 100 micron cell strainer into a new 50 milliliter tube, leaving enough solution so that the pieces do not dry out [1].
2.6.1. CU: Cell strainer as talent decants the liquid into a new 50 mL tube.
2.7. Using fine point forceps, take the tissue from the tube and place a few pieces on a microscope slide [1]. Then, grind the tissue between two microscope slides to break up the tissue [2]. 
2.7.1. CU: Microscope slide as talent takes the tissue from the tube and places a few pieces on a microscope slide.
2.7.2. CU: Slide as talent grinds the tissue between the two microscope slides to break up the tissue.
2.8. Rinse the slides with enzyme free culture media into a new 50 milliliter conical tube. Repeat this step until all tissue pieces are dissociated [1].
2.8.1. MED: Talent rinses the slides with enzyme free culture media into a new 50 mL conical tube. (Editor: The authors wanted to change the VO for the second sentence to “repeat steps 2.7 and 2.8 until…”. I rejected this change because we do not refer to script step numbers in videos.)
2.9. Combine the strained solution and the ground up tissue into one tube [1]. Strain the resulting suspension through a 100 micron cell strainer into a new 50 milliliter conical tube [2].
2.9.1. CU: Tube as talent combines the solutions into one tube.
2.9.2. CU: Cell strainer as talent strains the resulting suspension through a 100 micron cell strainer into a new 50 mL tube.
2.10. Centrifuge the sample at 220 x g and 4 degrees Celsius, for 5 minutes [1]. Aspirate off previous solution and gently resuspend the cell pellet in fresh enzyme-free culture media [2].
2.10.1. MED: Talent places the sample into the centrifuge, shuts lid and starts run.
2.10.2. CU: Centrifuged sample as talent aspirates the supernatant and gently resuspends the cell pellet in fresh enzyme-free culture media.
2.11. [bookmark: _Hlk528767013]Count the cells and check viability using a cell counter [1]. Dilute the cells to one million cells per milliliter with cold FACS staining buffer containing DPBS and bovine serum albumin. The cells are now ready to be stained and sorted [2-TXT].
2.11.1. MED: Talent counts the cells using a cell counter.
2.11.2. CU: Cells as talent dilutes them with cold FACS staining buffer containing 500 milliliters of DPBS and 10 to 25 milliliters of 2 to 5% BSA. Use labeled containers whenever possible for viewer clarity. TEXT: 500 mL of DPBS; 10−25 mL of 2−5% BSA 
3. Preparation of the Crude Cell Mixture for Fluorescence Activating Cell Sorting (FACS) 
3.1. Prepare and label 5 milliliter FACS tubes for all controls and cell samples [1].
3.1.1. MED: Talent labels 5 mL FACS tubes. 
3.2. Aliquot 1 milliliter of cells per tube for an unstained sample, fluorescence minus one controls, and isotype-matched controls. Use the remaining cells for the sort. All controls and samples can be prepared and stained at the same time [1-TXT]. 
3.2.1. CU: Labeled tubes as talent aliquots 1 milliliter of cells per tube. TEXT (show as “fluorescence minus one controls” in narrated): FMO = fluorescence minus one 
3.3. [bookmark: _Hlk535497435]Also prepare and label 5 milliliter FACS tubes for a total of 9 compensation controls – 2 kinds of unstained beads plus 7 different fluorochromes from the marker panel [1-TXT].
3.3.1. CU: 5 mL FACS tubes as talent labels them as compensation controls. TEXT: See text for table of materials
3.4. To optimize fluorescence compensation controls, add one drop of compensation beads from the squeeze vial to each tube [1]. Then add 1 microliter of antibody to the beads [2]. Repeat for each antibody from the marker panel [3].
3.4.1. CU: Labeled tubes as talent squeezes one drop of compensation beads from the squeeze vial to each tube.
3.4.2. CU: Labeled tube as talent adds 1 microliter of antibody to the beads. Use labeled containers.
3.4.3. MED: Talent works to add each antibody to the beads in the tubes. Use labeled containers. 
3.5. [bookmark: _Hlk535496348]Use FMO controls to optimize background staining due to spectral overlap. To the cells in the FMO control tubes, add all antibodies from the marker panel at a 1 to 100 dilution but exclude one antibody. Repeat for each antibody for a total of 7 controls [1-TXT].
3.5.1. CU: FMO tubes as talent adds the antibodies. Use labeled containers. TEXT: See text for table of materials
3.6. Use isotype-matched control antibodies for nonspecific staining. To the cells in the isotype-matched labeled tubes, add the isotype-matched control antibody at a 1 to 100 dilution [1-TXT]. 
3.6.1. MED: Talent adds the isotype-matched control antibody at a 1 to 100 dilution each in a 5 milliliter FACS tube. TEXT: See text for table of materials
3.7. Next, prepare the cells to be sorted. To the freshly isolated cells, add an antibody cocktail at a 1 to 100 dilution [1-TXT]. Also add cell viability dye at a 1 to 1000 dilution [2].
3.7.1. CU: Tubes as talent adds the antibody cocktail. Use labeled containers. TEXT: See text for antibody cocktail
3.7.2. MED: Talent adds the cell viability dye. Use labeled containers. 
3.8. Vigorously mix the compensation controls by pulse-vortexing [1]. Incubate for 30 minutes at 4 degrees Celsius protected from light [2], except for the cell viability beads, which can be left at room temperature protected from light [3].
3.8.1. CU: Tube as talent mixes it by pulse-vortexing.
3.8.2. MED: Talent leaves the tubes at 4 degrees Celsius, protected from light. 
3.8.3. CU: Samples as talent places them in a drawer to protect from light. 
3.9. Gently mix the FMO controls, the isotype-matched controls, and the cells to be sorted by pulse-vortexing [1]. Incubate for 30 minutes at 4 degrees Celsius protected from light [2].
3.9.1. CU: Tube as talent mixes by pulse-vortexing.
3.9.2. MED: Talent places the labeled tubes at 4 degrees Celsius.
3.10. Add 3 milliliters of FACS staining buffer to each compensation control, FMO control, and isotype-control [1]. Centrifuge the tubes at 300 x g for 5 minutes at 4 degrees Celsius [2]. 
3.10.1. CU: Labeled tubes as talent adds 3 milliliters of FACS staining buffer to each tube. Use labeled containers whenever possible for viewer clarity.
3.10.2. MED: Talent places the tubes with the FACS staining buffer into the centrifuge, shuts lid and starts run.
3.11. Aspirate off solution and resuspend each pellet in 400 microliters of FACS staining buffer. The compensation controls, FMO controls, and isotype controls are now ready to be used [1-TXT]. 
3.11.1. CU: Tubes as talent resuspends each cell pellet in 400 microliters of FACS staining buffer. TEXT (Video editors, please show as the second sentence is narrated): Keep controls on ice
3.12. Following staining, wash the cells with FACS staining buffer by centrifugation [1] at 300 x g for 5 minutes at 4 degrees Celsius [2]. Aspirate off the solution and resuspend the cell pellet in FACS staining buffer to 0.5 million cells per milliliter [3]. 
3.12.1. MED: Talent adds FACS staining buffer to the cells.
3.12.2. MED: Talent pulls the tubes out of the centrifuge and aspirates the solution puts tubes into the centrifuge.
3.12.3. [Added shot]: MED: Talent aspirates the solution.
3.13. Using new FACS tubes that have 35 micron filter tops, pipette the stained cell samples onto the lids and gravity filtrate to obtain single cell suspensions. Keep on ice [1].
3.13.1. CU: FACS tubes with 35 micron filter tops (on ice) as talent pipettes the stained cells there. 
4. Purification of Pericytes from Crude Cell Mixture Using FACS
4.1. Use a cell sorter to purify the cells. Run the unstained cells on the cell sorter to set voltages and correct for the background signal [1].
4.1.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent sets voltages for forward scatter to 180-250 and for side scatter to 180−250. Authors, please upload this screen capture to your project page.

4.4. 	Run each single-color compensation bead sample one at a time to adjust voltages for each channel and adjust gates for the positive signal [1]. 

4.4.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent runs each single-color compensation bead sample one at a time to adjust voltages for each channel and adjusts gates for the positive signal. Authors, please upload this screen capture to your project page.

4.5. 	Collect the data. Use the software to calculate for spectral overlap by calculating the compensation matrix. All voltages are ready and set [1]. 

4.5.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent finished collecting the data and uses the software to calculate for spectral overlap by calculating the compensation matrix. All voltages are ready and set. Authors, please upload this screen capture to your project page.
4.2. Run each isotype control one at a time. This data can be used to adjust gates for nonspecific binding if there are any [1].
4.2.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent uses the isotype control data to adjust gates for nonspecific binding. Authors, please upload this screen capture to your project page.
4.3. Run each FMO sample one at time. Adjust voltages for each channel to correct for spectral bleed through due to a multi-color panel [1]. 
4.3.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent adjusts voltages for each channel to correct for spectral bleed through due to a multi-color panel. Authors, please upload this screen capture to your project page.
(Move 4.4 and 4.5 above 4.2)
4.4. [bookmark: _GoBack][1]. 
4.4.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent runs each single-color compensation bead sample one at a time to adjust voltages for each channel and adjusts gates for the positive signal. Authors, please upload this screen capture to your project page.
4.5.  [1]. 
4.5.1. SCREEN: To be provided by the authors – Screen capture movie of the cell sorter software as talent finished collecting the data and uses the software to calculate for spectral overlap by calculating the compensation matrix. All voltages are ready and set. Authors, please upload this screen capture to your project page.
4.6. Run the stained cell samples in the cell sorter and collect cells in 10 milliliter enzyme-free culture media in a 15 milliliter conical collection tube [1-TXT]. 
4.6.1. CU: 15 mL conical collection tube with 10 mL enzyme-free culture media as talent collects the cells in 10 mL of enzyme-free culture media. TEXT: See text for enzyme-free culture media 
4.7. Use the following gating strategy: first gate for single cells… then gate for live cells… next gate for CD45 negative cells… gate for CD34 and CD31 negative cells… then gate for NG2 positive cells, and finally gate for CD146 and CD140b (C-D one-forty-six  and C-D one-forty-b) positive cells [1].
4.7.1. LAB MEDIA: JOVE Figure 2 300dpi.tif – Video editors, please emphasize each labeled panel as it is narrated.
4.8. To culture pericytes, seed the freshly obtained cells in enzyme-free culture media on a coated 24-well plate [1-TXT]. Culture the cells in a cell incubator set at 37 degrees Celsius, 5% carbon dioxide and 95% oxygen [2-TXT]. 
4.8.1. CU: Plate as talent seeds the cells there. TEXT (video editors, semi-colon denotes line break): See text for plate coating; Use up to 2 x 104 cells/cm2
4.8.2. MED: Talent places the cells into the cell incubator. TEXT: See text for characterization of pericytes




Section – Results
5. Results: Analysis of Crude Cells and Characterization of Primary Isolated Cardiac Pericytes 
5.1. After enzymatic digestion and dissociation of the whole heart and before FACS purification of the cells, cells are a crude mixture that contains many different cell types from the heart [1].  
5.1.1. LAB MEDIA: JOVE Figure 1 300dpi.tif – Video editors, please omit the A and B labels on this figure. Please zoom into the left panel as this point is narrated.
5.2. After FACS purification and culturing, cells are homogenous. They are single nucleated, quite flat, and have the typical pericyte rhomboid morphology [1].
5.2.1. LAB MEDIA: JOVE Figure 1 300dpi.tif – Video editors, staying zoomed in, please pan over to the right panel as this point is narrated.
5.3. Using FACS, cells are purified to homogeny [1]. First, debris and doublets were gated out based on forward and side scatter distributions [2].
5.3.1. LAB MEDIA: JOVE Figure 3 300dpi.tif
5.3.2. LAB MEDIA: JOVE Figure 3 300dpi.tif – Video editors, please emphasize the first two panels on the top row. 
5.4. Then, dead cells were gated out due to their amine reaction with the dye which produces a signal greater and more intense than live cells [1]. 
5.4.1. LAB MEDIA: JOVE Figure 3 300dpi.tif – Video editors, please emphasize the third panel on the top row.
5.5. Of the live cells, hematopoietic cells were gated out by being CD45-positive [1]. To further remove hematopoietic and endothelial cells, CD34-positive and CD31-positive cells were gated out [2]. 
5.5.1. LAB MEDIA: JOVE Figure 3 300dpi.tif – Video editors, please emphasize the fourth panel on the top row.
5.5.2. LAB MEDIA: JOVE Figure 3 300dpi.tif – Video editors, please emphasize the first panel on the bottom row.
5.6. Finally, NG2-positive… [1], and CD140b/CD146 -positive cells were selected for being perivascular cells with expression of typical pericyte markers [2]. 
5.6.1. LAB MEDIA: JOVE Figure 3 300dpi.tif – Video editors, please emphasize the second panel on the bottom row.
5.6.2. LAB MEDIA: JOVE Figure 3 300dpi.tif – Video editors, please emphasize the second and third panel on the bottom row.
5.7. When compared with human brain pericytes, the cells had a similar morphology [1]. Compared with mouse and human smooth muscle cells, the cells had a different morphology [2].
5.7.1. LAB MEDIA: Figure 4A 300dpi.tif – Video editors, please emphasize the two panels in the left panel. 
5.7.2. LAB MEDIA: Figure 4A 300dpi.tif – Video editors, please emphasize the two panels in the right panel.
5.8. Phenotypic characterization of cells at passage 7 by immunocytochemistry for pericyte markers showed no observed changes in morphology or marker expression [1]. 
5.8.1. LAB MEDIA: Figure 4B 300dpi.tif 
5.9. Similarly, analysis by flow cytometry of the pericytes at passage 7 confirmed that the population remained homogenous [1].
5.9.1. LAB MEDIA: Figure 4C 300dpi.tif 



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Linda Lee: [1] Cell viability is critical to obtain a good yield. Keep tissue cold during procurement and cells cold during staining [2]. Also, make sure that the enzymatic solution is prepared fresh each time [3]. 

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

6.1.2. Shot 2.3.1 can be shown as this point is narrated.

6.1.3. Shot 2.4.2 can be shown as this point is narrated.
6.2. Linda Lee: To ensure isolation of the correct cells post-culturing, characterize them with flow cytometry and immunofluorescence staining [1]. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Linda Lee: These cells can be used in co-culture experiments with endothelial cells for functional barrier studies as well as any assays to study their biological and physiological functions and characteristics [1].

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Vishnu Chintalgattu: Cardiac pericytes play a fundamental role in vascular integrity and stability, and their dysfunction is consequential to global cardiac function. With our technique, researchers can explore the therapeutic potential of cardiac pericytes [1].

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