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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
The tissue we use is resected in the operating room. 
  
Can you record movies/images using your own microscope camera? (Y/N)_____Y____
It definitely takes hi resolution images that project on a screen. I’m not sure if it will do live video however.
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) 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.)
2.5.2 mincing tissue into slurry
2.7.1/2.7.2
3.9.1 micromass plating
4.4.1 micropass into cassette
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 protocol pertains to the isolation and propagation of human PVAT-adipose progenitor cells (Steps 2.5-2.6.3). There is tremendous heterogeneity when working with patient samples, and factors such as age, gender, cardiovascular disease severity, diabetes, body-mass-index ratio, smoking history and medications can influence the number and viability of explanted progenitor cells. We’ve noted qualitative observations such as vascularity of the PVAT as primary determinants of successful cellular explant. In our experience, greater numbers of explanted progenitors are obtained from highly vascularized PVAT specimens. Progenitor cells from younger patients also tend to proliferate more rapidly after establishment in culture. To ensure success, step 2.5.2 should be performed with great diligence to ensure the tissue has been minced to a fine slurry prior to enzymatic dissociation. This maximizes the amount of PVAT-resident progenitor cells that are liberated during tissue digestion.   

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


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. Joshua Boucher: Perivascular adipose tissue surrounds blood vessels and regulates cardiovascular physiology. This protocol is used to answer key questions related to the function of human adipose progenitors in the vascular microenviroment [1]. 

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

1.2. Joshua Boucher: Adipose progenitor cells vary according to their anatomical location. We show that a population of multipotent progenitors can be derived successfully from perivascular adipose tissue from patients with cardiovascular disease [1].

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

Note to Authors: The OPTIONAL interview statements are meant to be said by authors not speaking in the REQUIRED interview statements.

Introduction of Demonstrator: (Said by you on camera)

1.3. Joshua Boucher: Demonstrating the procedure will be Spencer Scott, a medical student from my laboratory [1]/[2]. 

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.



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

1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Maine Medical Center [1].

1.4.1. Title Card


Section - Protocol
2. Culture Human PVAT Cells From the Stromal Vascular Fraction
2.1. Obtain a 500 milligram piece of human perivascular adipose tissue, or PVAT (P-vat), from the operating room as described in the text protocol [1]. 
2.1.1. LAB MEDIA: Section 2.1 PVAT removal video.MOV – Video editors, please start the video at 0:03 (once zoomed in)
2.2. Transfer fresh human PVAT from DMEM to a 50 milliliter conical tube containing 25 milliliters of antibiotic solution [1-TXT]. Incubate with rocking for 20 minutes at 4 degrees Celsius [2]. While the PVAT is in antibiotic solution, thaw an aliquot of dissociation buffer at 37 degrees Celsius [3].
2.2.1. CU: Fresh human PVAT as talent transfers it from DMEM to a 50 milliliter conical tube containing 25 milliliters of antibiotic solution.  TEXT: See text for preparing all solutions and buffers
2.2.2. CU: Antibiotic solution as it rocks at 4 degrees Celsius.
2.2.3. MED: Talent places the frozen dissociation buffer at 37 degrees Celsius to thaw.  Use labeled containers.
2.3. Add 50 microliters of 100x antibiotic/antimycotic solution to 5 milliliters of dissociation buffer and sterilize using a 0.22 micron syringe filter [1].  Add 1 milliliter of gelatin solution to 1 well of a 24-well plate [2].
2.3.1. CU: Dissociation buffer with added 100x antibiotic/antimycotic solution as talent filter sterilizes it.  Use labeled containers.
2.3.2. CU: 24-well plate as talent adds 1 mL of gelatin solution there.
2.4. In a laminar flow hood, use sterile forceps and scissors to transfer PVAT from the antibiotic solution to a sterile Petri dish [1].  
2.4.1. MED: Talent working in laminar flow hood uses sterile forceps and scissors to transfer PVAT from the antibiotic solution to a sterile Petri dish.
2.5. Add 1 milliliter of pre-warmed dissociation buffer to the tissue [1].  Finely mince the entire tissue into a slurry using sterile forceps and dissection scissors [2-TXT].
2.5.1. CU: Petri dish as tissue as talent adds 1 mL of pre-warmed dissociation buffer to the tissue. 
2.5.2. CU: Tissue as talent uses sterile forceps and dissection scissors to finely mince the entire tissue into a slurry.  TEXT: No pieces larger than ~2 mm x 2 mm
2.6. Transfer the 1 milliliter slurry to 4 milliliters dissociation buffer [1].  Incubate the tube on its side in a pre-warmed 37 degree Celsius orbital shaker at 200 rpm for 1 hour [2].  After 1 hour, no visible tissue pieces will be present, and the solution will appear as a cloudy cell suspension [3].
2.6.1. MED: Talent transfers the 1 mL slurry to 4 mL of dissociation buffer.
2.6.2. CU: Tube shaking at 200 rpm, on its side, at 37 degrees Celsius.
2.6.3. CU: Tube as talent displays it to the camera showing it is a cloudy suspension with no visible tissue.
2.7. Filter the solution through a 70 micron cell strainer set atop a 50 milliliter conical tube [1].  Rinse the strainer with an additional 10 milliliters of antibiotic solution to capture as many cells as possible.  Do not squeeze the strainer [2].
2.7.1. MED: Talent filters the solution through a 70 micron cell strainer set atop a 50 milliliter conical tube.
2.7.2. CU: Strainer as talent rinses it with an additional 10 mL of antibiotic solution to capture as many cells as possible.
2.8. Now, pellet the cells for 12 minutes at 300 x g in a swinging bucket centrifuge [1].
2.8.1. MED: Talent places the cells into the centrifuge.  
2.9. After centrifugation, the tube will be separated into a fatty top layer of adipocytes… [1], an interphase… [2], and a pellet [3]. The pellet is the stromal vascular fraction containing endothelial cells, immune cells, blood cells, and progenitor cells [4].
2.9.1. LAB MEDIA: Still image for 2.9 layers.tif – Video editors, please highlight the section of the solution in the tube labeled “Hazy fatty layer of adipocytes.”
2.9.2. LAB MEDIA: Still image for 2.9 layers.tif – Video editors, please highlight the section of the solution in the tube labeled “aqueous interphase.”
2.9.3. LAB MEDIA: Still image for 2.9 layers.tif – Video editors, please highlight the section of the solution in the tube labeled “Stromal vascular fraction cell pellet.”
2.9.4. LAB MEDIA: Still image for 2.9 to empahse reddish pellet.jpg – Video editors, please highlight the red pellet.
2.10. Resuspend the pellet in 10 milliliters of HBSS and centrifuge for 5 minutes at 300 x g [1-TXT].  Repeat this step for a total of 2 washes in HBSS [2]. 
2.10.1. MED: Talent places the tube with HBSS into the centrifuge, shuts lid and turns on.  TEXT: HBSS = Hank’s Balanced Salt Solution
2.10.2. CU: Centrifuged tube as talent removes the supernatant and reuspends the pellet in HBSS.  Use labeled containers.
2.11. Now, aspirate the gelatin from the 24-well plate [1].  Gently wash the well once with HBSS to remove unbound gelatin [2].
2.11.1. CU: 24-well plate as talent aspirates the gelatin.
2.11.2. MED: Talent gently washes the well with HBSS from a labeled container. 
Author comment: We combined these two separate steps into one shot. The voiceover in step 2.11 can remain the same.
2.12. Resuspend the stromal vascular fraction pellet with intact red blood cells in 1 milliliter of growth media and seed onto the gelatin-coated well [1-TXT].  Then, add human FGF2 to a final concentration of 25 nanograms per milliliter in culture medium [2-TXT].  Incubate for 24 hours at 37 degrees Celsius with 5% CO2 [3].
2.12.1. CU: Plate as talent seeds the red blood cells onto the gelatin-coated well. TEXT: DO NOT use red blood cell lysis buffer
2.12.2. CU: Plate as talent adds human FGF2 to the wells.  TEXT:  FGF2 = fibroblast growth factor 2
2.12.3. MED: Talent places the plate into the incubator.
2.13. After growing the cells for 24 hours, remove growth media and wash the wells 5 times with HBSS [1]. This washing step removes red blood cells and dead cells [2-TXT].  Then, add in 1 milliliter of fresh growth media, supplemented with 25 nanograms per milliliter FGF2, to each well [3].
2.13.1. MED: Talent removes growth media and begins washing wells with HBSS.  Use labeled containers.
2.13.2. LAB MEDIA: Still for step 2.13 cells before washing.JPG –and- Still for step 2.13 cells after washing.JPG. Video editors, please show these two figures next to each other, with TEXT: Before washing on “Still for step 2.13 cells before washing.JPG,” and TEXT: After washing on “Still for step 2.13 cells after washing.JPG.”
2.13.3. CU: Plate as talent adds 1 milliliter of fresh growth media supplemented with 25 nanograms per milliliter FGF2.  Use labeled containers.
2.14. Change the media every 48 hours, making sure to supplement with 25 nanograms per milliliter fresh FGF2 each time [1].
2.14.1. MED: Talent changes the media.  Use labeled containers.  
2.15. Passage cells once they reach 100% confluence 7 to 10 days after explant [1]. To do so, aspirate growth media and wash the monolayer twice in 1 milliliter HBSS [2].  Aspirate all HBSS from the wells and add a few drops of cell dissociation solution [3].
2.15.1. LAB MEDIA: Stil Image for 2.15 100% confluent.JPG
2.15.2. CU: Plate as talent aspirates growth media and washes the monolayer twice in 1 milliliter HBSS.
2.15.3. CU: Plate as talent aspirates all HBSS from the wells and adds a few drops of cell dissociation solution.
2.16. Tap and swirl the plate several times and incubate at 37 degrees Celsius with 5% CO2 for 5 to 7 minutes to lift the cells [1].  
2.16.1. CU: Plate as talent taps and swirls.
2.17. Then, add approximately 1 milliliter of fresh culture medium to the detached cells [1].  Distribute 500 microliters of the detached cells to 2 wells of a 24-well plate, each containing 500 microliters growth media and 25 nanograms FGF2 [2]. 
2.17.1. MED: Talent adds 1 mL of fresh culture medium to the detached cells.  Use labeled containers.
2.17.2. CU: 24-well plate as talent distributes 500 microliters of the detached cells to 2 wells with growth media/FGF2 in them.
Author comment: We combined these shots because they typically are performed together. Again, the voiceover can remain unchanged.
2.18. Also culture human bone marrow mesenchymal stem cells, or MSC colonies, as described in the text protocol [1].
2.18.1. MED or WIDE: Talent places MSC culture into the incubator.
3. Plate and Induce Adipogenic, Osteogenic, and Chondrogenic Lineages
3.1. Plate the appropriate numbers of bone marrow and PVAT-derived cells per well of a 12-well plate [1-TXT].  For adipogenic and osteogenic conditions, plate approximately 200,000 to 225,000 cells per well, whereas for chondrogenic (kon-droh-jen-ik) conditions, plate 150,000 to 175,000 cells per well [2].
3.1.1. MED: Talent begins to plate the PVAT-derived cells in a 12-well plate.  Continue action in next shot. TEXT: Include replicates
3.1.2. CU: 12-well plate as talent plates the PVAT-derived cells there.
3.2. Then, disassociate cells from both the human PVAT progenitor cell population and the human bone marrow MSC population by adding cell detachment solution [1]. Incubate the cells in the detachment solution at 37 degrees Celsius and 5% CO2 for 5 minutes [2]. 
3.2.1. CU: Plate as talent adds cell detachment solution. Use labeled containers.
3.2.2. MED: Talent places the cells in detachment solution in the incubator. Use labeled containers.
3.3. Pool the populations into separate 15 milliliter conical vials [1].  Spin the vials down at 500 x g for 7 minutes to pellet the cells [2].  Then, resuspend the cells in 1 milliliter of PBS and use a hemocytometer to estimate the cell number [3].
3.3.1. CU: 15 mL conical vials as talent pools the populations there.
3.3.2. MED: Talent places the vials into the centrifuge, shuts lid and starts run.
3.3.3. CU: Hemocytometer as talent pipettes the cells there for counting.
3.4. Plate the cells in 12-well dishes as before.   Provide separate dishes for the induced and non-induced adipogenic and osteogenic conditions [1].
3.4.1. MED: Talent plates the cells in separate 12 well dishes.
3.5. Add 1.5 milliliters of adipogenic and osteogenic induction media to each well of the induced condition [1].  Then, add 1.5 milliliters of adipogenic and osteogenic non-induction media to each well of the non-induced condition [2].  
3.5.1. CU: Induced condition plate as talent adds 1.5 mL of adipogenic and osteogenic induction media to each well.  Use labeled containers.
3.5.2. CU: Non-induced condition plate as talent adds 1.5 mL of adipogenic and osteogenic non-induction media to each well.  Use labeled containers.
3.6. Begin incubation of the adipogenic and osteogenic induced and non-induced cell populations at 37 degrees Celsius and 5% CO2 [1].  Spin down the remaining volume of human PVAT progenitor cells and human bone marrow MSCs for 7 minutes at 500 x g [2].
3.6.1. MED: Talent places the plates into the incubator.
3.6.2. MED: Talent places the plates into the centrifuge, shuts lid and turns on.
3.7. Determine the volume needed to resuspend the remaining bone marrow and PVAT-derived cell pellets to achieve a density of 100,000 cells per 10 microliters [1].
3.7.1. CU: Lab notebook as talent determines the volume needed to resuspend remaining bone marrow and PVAT-derived cell pellets to achieve a density of 100,000 cells per 10 microliters.
3.8. Then, resuspend the pellets in the calculated volume of MSC growth media for chondrogenic lineage induction [1]. Gently move the volume of cells up and down using a pipette to ensure a homogenous distribution [2].
3.8.1. MED: Talent resuspends the pellets in the calculated volume of MSC growth media for chondrogenic lineage induction.
3.8.2. CU: Sample tube as talent gently moves the volume of cells up and down using a pipette.
3.9. Now, pipette a 10 microliter droplet of the concentrated cell solution into the center of each well to form a micromass of 100,000 cells [1].  Place 1 milliliter of sterile water in the adjacent well to prevent evaporation [2]. 
3.9.1. CU: Plate as talent pipettes 10 microliter droplet of the concentrated cell solution into the center of each well to form a micromass of 100,000 cells.
3.9.2. ECU: Well we talent places 1 mL of sterile water in the adjacent well to prevent evaporation.
3.10. Incubate the micromass cultures for 2 hours at 37 degrees Celsius and 5% CO2 to allow the micromass to aggregate [1].
3.10.1. MED: Talent places the cultures into the incubator.
3.11. After 2 hours, carefully add chondrogenic differentiation media spiked with 10 nanograms per milliliter Human TGFβ1 (T-G-F-beta-one) to each of the induced-condition wells [1]. Now, carefully add 1.5 milliliters of the non-induction media to the non-induced condition wells.
3.11.1. CU: Plate as talent carefully adds chondrogenic differentiation media spiked with 10 nanograms per milliliter Human TGFβ1 to each of the induced-condition wells.  Use labeled containers.
Author comment: We combined shot 3.11.1 with shot 3.12.1 because the chondrogenic and control conditions are performed together. I deleted the voice over for step 3.12 and merged it with the end of the voiceover for step 3.11 to reflect the shot.
3.11.2. CU: Second plate as talent adds 1.5 milliliters of the non-induction media to the non-induced condition wells.  Use labeled containers.
4. Culture Adipogenic, Osteogenic, and Chondrogenic Lineages for 14 Days
Author comment: We omitted these two shots for the sake of redundancy in the protocol. By this point in the video, we have demonstrated media changes several times and felt it would be okay to omit these steps.
4.1. Fix all of the non-induced conditions in 10% formalin for 12 hours [1]. Then, dispose of formalin and wash all fixed wells twice in PBS to remove all traces of formalin [2].  Store the plates in PBS at 4 degrees Celsius until processing [3].
4.1.1. MED: Talent fixes the non-induced conditions.  Use labeled containers.
4.1.2. CU: Plate as talent removes the formalin and washes the fixed wells in PBS.  Use labeled containers.
4.1.3. MED: Talent places the plate at 4 degrees Celsius.
Author comment: For the same reason as mentioned in comment JMB4, we omitted these steps. They can be clearly deciphered from the text portion of the manuscript and have been performed several times throughout this protocol.
4.2. [bookmark: _GoBack]Scrape or pour the micromass in the induced chondrogenic condition into a cassette in order to dehydrate, embed and stain the sample as described in the text protocol [1].
4.2.1. CU: Cassette/plate as talent scrapes or pours the micromass in the induced chondrogenic condition into a cassette.







Section – Results
5. Results: Progenitor Cells from Human Aortic Perivascular Adipose Tissue of Coronary Artery Bypass Grafting Patients Exhibit Adipogenic and Chondrogenic Differentiation but fail to Commit to Ostegenic Lineages
5.1. Adipogenic differentiation studies were performed in parallel with human bone marrow-derived MSC… [1] and PVAT-derived progenitor cells [2]. 
5.1.1. LAB MEDIA: Figure 2 letters removed.tif -Video editors, please emphasize the top two panels.
5.1.2. LAB MEDIA: Figure 2 letters removed.tif - Video editors, please emphasize the bottom two panels.
5.2. In the non-induced condition, no lipid accumulation is evident [1]. This is in contrast to the induced condition, shown following staining of neutral lipids with Oil Red O [2]. 
5.2.1. LAB MEDIA: Figure 2 letters removed.tif - Video editors, please emphasize the left two panels.
5.2.2. LAB MEDIA: Figure 2 letters removed.tif - Video editors, please emphasize the right two panels.
5.3. While the degree of differentiation in the human aortic PVAT-derived cells is more robust… [1], both human cell sources exhibited the ability to differentiate towards the adipogenic lineage [2].
5.3.1. LAB MEDIA: Figure 2 letters removed.tif - Video editors, please emphasize the bottom right panel.
5.3.2. LAB MEDIA: Figure 2 letters removed.tif - Video editors, please emphasize the right two panels.
5.4. The osteogenic differentiation protocol was used for human bone marrow-derived MSC [1]… and PVAT-derived cells [2]. 
5.4.1. LAB MEDIA: Figure 3 letters removed.tif - Video editors, please emphasize the top three panels.
5.4.2. LAB MEDIA: Figure 3 letters removed.tif -Video editors, please emphasize the bottom three panels.
5.5. Non-induced cells did not stain with Alizarin Red [1]. After the osteogenic differentiation protocol, the human MSC developed calcified nodules that stained with Alizarin Red… [2], while human aortic PVAT-derived cells did not [3]. 
5.5.1. LAB MEDIA: Figure 3 letters removed.tif -Video editors, please emphasize the two left-most panels.
5.5.2. LAB MEDIA: Figure 3 letters removed.tif -Video editors, please emphasize the two top panels that are furthest right. Also emphasize the black arrows.
5.5.3. LAB MEDIA: Figure 3 letters removed.tif -Video editors, please emphasize the bottom top panels that are furthest right.
5.6. Cells derived from both human bone marrow MSC… [1] and human PVAT, display features characteristic of chondrogenic differentiation, with abundant collagen accumulation in the micromass [2]. 
5.6.1. LAB MEDIA: Figure 4 11-29.tif - Video editors, please emphasize the top left panel.
5.6.2. LAB MEDIA: Figure 4 11-29.tif -Video editors, please also emphasize the top right panel.
5.7. Micromasses formed from human bone marrow MSC… [1] and aortic PVAT-derived cells, also exhibited abundant accumulation of glycosaminoglycans (glahy-kohs-uh-mee-noh-glahy-kans) as indicated by Alcian (al-see-in) blue staining [2]. 
5.7.1. LAB MEDIA: Figure 4 11-29.tif -Video editors, please emphasize the bottom left panel.
5.7.2. LAB MEDIA: Figure 4 11-29.tif -Video editors, please also emphasize the bottom right panel.
5.8. Morphologically, structures similar to lacunae (luh-kyoo-nee) were detected with cells sitting in cavities surrounded by collagen deposition [1]. 
5.8.1. LAB MEDIA: Figure 4 11-29.tif -Video editors, please emphasize the arrows in the bottom panels.




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Spencer Scott: [1] It is critical to finely mince perivascular adipose tissue prior to enzymatic dissociation… [2] and to ensure proper cell densities are plated for each lineage differentiation assay [3].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.1.2. Shot 2.5.2 can be shown here.
6.1.3. Shot 3.1.2 can be shown here.
6.2. Spencer Scott: Following this procedure, quantitative PCR combined with western blot and flow cytometry should be used to characterize lineage-specific markers of differentiated progenitors from perivascular adipose and bone marrow sources [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Spencer Scott: With this technique, we can begin to understand the mechanisms regulating perivascular adipose tissue expansion and dysfunction during obesity, and the implications the progenitor cells have on vascular function and cardiovascular disease [1].

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