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Questionnaire Responses:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed? 
1.1) Inject PBS containing 1,000 U/ml of heparin to the left ventricle and perfuse the aorta.  

1.2) Quickly remove the thoracic aorta using micro-dissection forceps and put it in ice-cold 1X PBS (sterile), then transport the container into a laminar airflow hood. 

1.3) Insert a 1 ml syringe fitted with 25G needle into one end of the aorta, and gently flush the aorta with ice-cold PBS to remove the blood.

1.4) Use micro-dissection forceps to remove as much of the the attached adipose tissue and small lateral vessels as possible.

1.5) Immediately transfer the aorta to endothelial growth medium.Cut the aorta into 1 mm rings using a sterile scalpel blade.

2.1. Implant the aortic pieces onto the solidified matrix using sterile micro-dissection forceps. Place the pieces lumen-side-down on the matrix without touching the endothelium. Place 3 -4 aortic segments close to each other on the matrix.
2.2. Add just enough endothelial cell growth medium to keep segments wet (~200μl).
D.  Will the filming need to take place in multiple locations? Yes, two building within a short walking distance. No.
1. Introduction
The overall goal of this procedure is to use a simple method to isolate and expand endothelial cells from the mouse aorta without using any special equipment. (Intro)

B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  

1.1. Jiemei Wang: Other methods used to isolate endothelial cells are mostly applied to the heart or the lung, not the aorta.  This technique, for the aorta, provides considerably higher yields, high cell viability and requires no special equipment or techniques.
1.2. Kezhong Zhang: For those who are interested in studying primary cultured endothelial cells from either gene knock-out mice, gene knock-in mice, or a murine disease model, this protocol is very useful and easy to practice. 
Ethics Statement
1.3. All the procedures described here were approved by the Institutional Animal Care and Use Committee of Wayne State University.

2. Preparing Aortic Segments
2.1. Start this protocol at the beginning of the day. [1.WID] After anesthetizing a mouse, and confirming is a lack of reflex, place the mouse supine [2.MED-TXT] on a surgical pad and position a heating lamp over it to maintain its body temperature. [3.CU]
2.1.1. Establishing shot 
2.1.2. Checking the mouse with toe pinch, TEXT: 4% isofluorane for induction, ±1.0%  for maintenance
2.1.3. Positioning mouse and placing heat lamp above
2.2. Then, sanitize the abdomen by spraying it down with 70% ethanol. [ECU]
2.2.1. Cleaning mouse abdomen
2.3. Next, with dissection scissors, open the abdomen along the midline to expose the abdominal aorta. [ECU]
2.3.1. Opening abdomen as described
2.4. Then, open the chest cavity to expose the heart and lungs. [SCOPE]
2.4.1. Opening the chest cavity
2.5. Now, release the blood from the mouse by dissecting along the center line of the aorta. [SCOPE]
2.5.1. Dissecting heart as described, blood flowing out
2.6. Then, push aside impeding organs and into the left ventricle inject one thousand units of heparin in a milliliter of PBS, thus perfusing the aorta. [ECU]
2.6.1. Moving organs aside and injecting heparin into lv of heart
2.7. After the perfusion, quickly remove the thoracic aorta [1.CU] and transfer it to ice-cold PBS. [2.CU]
2.7.1. Removing tissue from mouse

2.7.2. Placing tissue in cold PBS dish
2.8. Under a laminar airflow hood, gently flush the aorta [1.MED] with ice-cold PBS to remove any remaining blood, using a 25 Gauge needle and syringe. [2.ECU]
2.8.1. Arriving at hood with tissue, then preparing to flush with cold PBS using a 25 Gauge needle and syringe
2.8.2. Flushing with cold PBS, detail
2.9. Then, using micro-dissection forceps, remove as much attached adipose tissue and lateral vessels as possible. [ECU]
2.9.1. Trimming tissues from the aorta
2.10. Jiemei Wang:  The time between cardiac arrest and the seeding of the aortic segment onto the matrix is critical to the endothelium’s viability. So, while removing the peri-arterial adipose tissue and connective tissue, avoid stretching the aorta and limit the time spent on this step to, at most, 15 minutes. [MED/WID]
2.10.1. Interview at bench
2.11. Then, transfer the cleaned-off aorta to endothelial growth medium [1.CU] and cut the aorta into 1 mm rings with a scalpel.  One aorta yields up to ten rings. [2.ECU] Then, open each ring with micro-dissection scissors. [3.ECU]
2.11.1. Transferring aorta to dish with medium
2.11.2. Slicing aorta into round segments
2.11.3. Opening round segments into strips
3. Seeding Aortic Segments on a Matrix
3.1. To begin, put a 6-well plate on ice [1.WID] and coat it with one milliliter of matrix solution, without pouring out any air bubbles. [2.CU]
3.1.1. Placing dish on ice

3.1.2. Pouring matrix solution into dish
3.2. Then, transfer the plate to an incubator for twenty minutes, so the matrix solidifies. [WID-TXT]
3.2.1. Following shot, taking dish to incubator, placing it inside, TEXT: 37 ºC

3.3. Once solidified, the aortic pieces [1.ECU] can be placed on the matrix, lumen-side-down.  Do so without touching the endothelium. [2.CU] Position three to four segments in each well. [3.ECU]
3.3.1. Chilled pieces of aorta in detail, one gets lifted

3.3.2. Moving aorta strip into matrix solution, as described

3.3.3. Detail of strip being oriented in matrix solution next to other strips of aorta
3.4. Then, pour just enough growth medium over the segments to keep them wet. [CU]
3.4.1. Adding media to dish as described
3.5. Next, transfer them to an incubator with five percent carbon dioxide, for about four to six hours. [WID]

3.5.1. Following shot, taking dish to incubator, loading it in, starting timer

3.6. At the end of the day, [1WID] add more medium so the segments are covered. [2.CU]
3.6.1. Arriving to hood with dish

3.6.2. adding medium to dish, enough to cover segments, show that level of detail
3.7. Over the next several days, the aortic segments [1.WID] will periodically sprout.  Monitor the sprouting by phase-contrast microscopy every day.  [2.MED] Adjust the level of medium at the same time. [3.CU]
3.7.1. Arriving with dish to phase-contrast scope

3.7.2. Setting up at scope, focusing and observing with phase contrast 

3.7.3. Adding more medium to dish, like 3.4.1
3.8. On the fourth day, [1.WID] carefully remove the medium and gently remove the aortic segments.  [2.CU] Do not disturb the cells growing on the matrix. [3.ECU]
3.8.1. Arriving with dish to hood

3.8.2. Removing media carefully

3.8.3. Lifting off aorta strips gently
3.9. Then, add two milliliters of fresh medium to the endothelial cells on the matrix [1.MED] and continue the culturing for two to three days. [2.WID]
3.9.1. Adding media back to dish, now no strips in dish
3.9.2. Placing dish back into the incubator
3.10. Jiemei Wang: The timing to remove aortic segment from matrix is critical to the purity of endothelial cells.  The segment must be removed before the development of the tube network or the cells will be contaminated with fibroblasts or smooth muscle cells. [WID]

3.10.1. Interview at bench

4. Passaging the Endothelial Cells
4.1. To begin, prepare a T12.5 flask with 0.1% gelatin and incubate it for 30 minutes. [WID]
4.1.1. Filling flask with gelatin solution, taking to incubator
4.2. Next, wash the matrix plates carefully with warmed PBS, [1.MED] then add 100 units of neutral proteinase to each well and incubate the plates [2.MED] at room temperature on an orbital platform with occasional shaking. [3.MED]
4.2.1. Washing plates with PBS

4.2.2. Adding neutral proteinase to plate wells

4.2.3. Loading plate on shaker and starting shaking
4.3. When the cells appear detached under phase-contrast, [1.MED] add two milliliters of D-Val to each well to end the reaction [2.CU] and collect the supernatants in a 15 ml tube. [3.CU] At the scope, talent examines the wells.
4.3.1. At the scope hood, talent loads pipette with D-Val solution
4.3.2. Adding D-Val to the wells
4.3.3. Collecting solution from wells into a 15 mL tube
4.4. Then, centrifuge the tube at 900 G for five minutes  [1.MED] and re-suspend the pellet of cells in four milliliters of medium.  [2.ECU]
4.4.1. Setting up 15-mL on centrifuge, dialing in speed and starting 5-min cycle

4.4.2. Detail of tube content after spin, pipette removes supernatant (or poured off) and new solution is added to tube, pellet is mixed in
4.5. Plate the suspension in the prepared flask [1.MED-TXT] and incubate the cells for two hours.  Then, replace the medium and continue the incubation [2.MED-TXT]  for three to four days, until the cells are 85 to 90 percent confluent. [3.WID]
4.5.1. Adding solution of cells to flask, TEXT: 2 h at 37 ºC -> replace medium
4.5.2. Replacing medium in flask
4.5.3. Taking flask of cells from incubator to scope, following shot, then checking cells under scope
4.6. When the cells are ready, prepare a two more T12.5 flasks [1.MED] to passage the cells, as before.  [2.MED]

4.6.1. Loading gelatin solution into 2 T12.5 flasks

4.6.2. Loading flasks with gelatin into incubator
4.7. Then, wash the cells with warmed PBS, [1.MED] and use about half a milliliter of Trypsin-EDTA to detached the majority of them [2.WID] within a minute of incubation.   NextEnd this reaction with two milliliters of media. [3.WID]
4.7.1. Washing cells on plate with PBS

4.7.2. Adding trypsin-EDTA to plate and then taking plate to incubator, starting 1 min timer, following/panning shot

4.7.3. Removing plate from incubator and adding media to plate, following shot
4.8. Now, flow the suspension through a pipette several times [1.CU] and transfer it to a 15 milliliter tube. [2.CU]
4.8.1. Film as written

4.8.2. Loading suspension into 15-mL tube
4.9. Next, centrifuge the cells at 900 G for five minutes, [1.WID] and re-suspend the pellet in four milliliters of medium. [2.CU]
4.9.1. Stopping centrifuge, taking out tub and discarding supernatant

4.9.2. Adding solution to tube and mixing pellet into the solution
4.10. Then, split the suspension between the two prepared flasks [1.MED] and let them incubate for two hours. Then, [2.WID-TXT] replace the medium and continue growing the cells to confluency, as before.  [3.MED-TXT]
4.10.1. Adding half of cell suspension to each of two T12.5 flasks

4.10.2. Placing plates into incubator, TEXT: 2 h

4.10.3. Changing media in T12.5 plates 
4.11. After two to three such passages, characterize the cells. [WID-TXT]
4.11.1. Removing T12.5 plates from incubator and taking them to hood (days later sort of look), TEXT: See the text protocol for details.
5. Aorta-derived Endothelial Cell Characterization 
5.1. Using the described protocol, spontaneous endothelial cell sprouting was observed from mouse aorta segments after two days in culture.  
5.1.1. Fig 1A – just an image, very easy to understand, so nothing to animate – just remove the “A”
5.2. After four days, numerous endothelial migrated away from the segment and newly formed sprouts continued to extend from the segment and the branch. 

5.2.1. Fig 1D – just an image, very easy to understand, so nothing to animate – just remove the “B”
5.3. After culturing these cells and passaging them once, the cells were spindle-shaped and cobblestone-like appearances.

5.3.1. Figure 2A – none of the Fig 2 panels need animating, they are all very easy to understand and are clearly labeled
5.4. The attached cells were then labeled with Dil-ac-LDL [1.LM] and Ulex-Lectin for an hour. [2.LM] Nuclei were also stained. [3.LM] Most of the cells were double-positive for Dil-ac-LDL uptake and Ulex-Lectin binding. [4.LM] 
How is Ulex said? It is “U Lex”
5.4.1. Fig2B 
5.4.2. Fig 2C

5.4.3. Fig 2D

5.4.4. Fig 2E – none of the Fig 2 panels need animating, they are all very easy to understand and are clearly labeled
5.5. After the second passage, more than 95% of the cells were positive for Platelet endothelial cell adhesion molecule 1.

5.5.1. Fig 2F – none of the Fig 2 panels need animating, they are all very easy to understand and are clearly labeled
5.6. The cells were also positive for VEGFR2 [1.LM], VE-Cadherin [2.LM] and eNOS. [3.LM]
5.6.1. Figure 2G

5.6.2. Figure 2H

5.6.3. Figure 2I – none of the Fig 2 panels need animating, they are all very easy to understand and are clearly labeled
How is eNOS said? “ E NOS” 
please see https://www.youtube.com/watch?v=vKEUM6RKii4
5.7. Also, the cells were mostly negative for the smooth muscle marker Calponin.

5.7.1. Figure 2J – none of the Fig 2 panels need animating, they are all very easy to understand and are clearly labeled
6. Conclusion 
6.1. Jiemei Wang: This protocol provides a great opportunity to study the endothelial-specific activities of targeted molecules and can be done in knockout and transgenic mouse models, making it very useful in the field of cardiovascular research.
List of Provided Media
Authors, all the panels of Fig 2 and panels A and D of Fig 1 are each used individually and should therefore be provided by you as individual images.  See the box below for details.

(please list the file names here)

Please list all images, movie files (including screen captures) and animations that you are providing to be included in this video.  List the step in the script, the file name and a brief description.  For example:

5.1 –  51234_Figure1_panelA.tif -  dual color imaging of tumor angiogenesis at 40X 

5.2 –  51234_Figure1_panelB.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  These images should be layered and the higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

GENERAL PREPARATION NOTES
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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