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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 
Plating of VCCC 2.3, 2.6 Harvest of VCCC 3.3, 3.5, 3.7 Embedding of the VCCC 4.6, 4.7 
D.  What is the  most difficult aspect of this procedure and what do you do to ensure success?  Plating of VCCC 2.6: Carefully pipet on top of the filter and carefully carry the dish to the incubator

Harvesting of VCCC 3.4/3.5: Scrape the filter thoroughly to make sure all the SMC and EC are removed.
Embedding of VCCC 4.7: Work quickly in placing the filters into the paraffin
E.  Will the filming need to take place in multiple locations? Y Same building (6th floor and 1st floor--histology lab)
1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this technique is to culture endothelial and smooth muscle cells together in vitro to create myoendothelial junctions that occur in small diameter resistance arteries (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Lauren Biwer: This method can help answer key questions in the cardiovascular field, such as protein localization and activation of signaling cascades in the arterial wall. 
1.2. Lauren Biwer: The main advantage of this technique is that you can specifically isolate myoendothelial junction fractions from the endothelium and smooth muscle, which is impossible to do using an actual artery.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sheri VanHoose: Visual demonstration of the paraffin embedding is particularly critical as the embedding steps are difficult to learn without seeing the process.  
Protocol: (read by voice talent at JoVE)
2. Plating Cells for Vascular Cell Co-Culture 
2.1. Begin construction of the Vascular Cell Co-Culture, or VCCC, by spraying 150-millimeter Petri dishes and lids with disinfectant and then wiping with a paper towel or lint-free wipes [1-MED-TXT]. Then spray the Petri dishes with 70% ethanol and place them in the hood to air dry [2-MED]. 
2.1.1. Talent (Lauren) at the bench spraying the Petri dishes with disinfectant from a labeled spray bottle and then picking up a lint-free wipe and wiping the sprayed dishes. TEXT: Day 1

2.1.2. Talent standing at TC hood with petri dishes on a card or adjacent surface. Talent picks up one of the petri dishes, sprays it thoroughly with 70% ethanol from a labeled spray bottle and then places it in the hood. Talent then repeats the action. 
2.2. Open the plate of filter inserts under sterile conditions [1-MED-over the shoulder-TXT]. Coat the bottom side of the filters with fibronectin solution by pipetting up to 1-milliliter of fibronectin solution [2-MED] through the side slits into the bottom of the plate [3-CU]. Make sure that the bottom half of the filter is covered, and leave the inserts in the hood, keeping the plate covered [4-MED-over the shoulder]. 
2.2.1. Talent opens the plate of filter inserts in the TC hood. TEXT: See the Table of Materials
2.2.2. Talent hold a labeled tube of fibronectin solution and draws up <1 mL of solution into a pipette. 
2.2.3. The fibronectin solution is loaded under one filter as described (the other filter inserts in the plate have already been loaded). 
2.2.4. Talent checks the inserts, puts the lid on the plate (if this is usually done) and then leaves the shot. 
2.3. After 30 minutes of treatment with fibronectin solution, vacuum any excess solution without disturbing the filter inserts [1-MCU]. Then invert the plate, placing the filters into the bottom half of the clean Petri dish [2-MED-TXT]. 
2.3.1. Excess fibronectin solution is vacuumed from one of the inserts and then the action is repeated. 
2.3.2. *film as written. TEXT: Set the inserts to one side while preparing the cells. 
2.4. Trypsinize a 225-square-centimeter flask of smooth muscle cells with 3-milliliters of pre-warmed Trypsin-EDTA solution [1-MED-over the shoulder-TXT]. 
2.4.1. Talent pipettes trypsin from an appropriately labeled tube/bottle and then adds it to the labeled upright flask of cells (flask has already been emptied of medium and cell sheet has been washed. ‘SMC’ label should be visible to camera). TEXT: SMC - smooth muscle cells. 
2.5. Once the cells have lifted off [1-MCU], add 9-milliliters of SMC medium to neutralize the trypsin, transfer to a conical tube and mix well [2-MED]. Then pipet 10-microliters onto a hemocytometer to determine cell number [3-CU]. 
2.5.1. The flask is held up to the light and the trypsin/cell mix slides down the growth surface of the flask. 
2.5.2. Talent pipettes 9 mL of medium into the flask, collects the cells in the same serological pipette, transfers the cell suspension to the conical tube and pipettes up and down a few times. 
2.5.3. A small volume of cell suspension is loaded into the hemocytometer. 
2.6. After performing a cell count [1-BROLL-TXT], carefully plate 750-microliters of the cell suspension containing approximately 75,000 smooth muscle cells [2-CU] onto the bottom side of each filter [3-MCU]. Incubate the plate at 37 °C overnight [4-MED]. 
2.6.1. Talent at microscope performing a cell count. Multiple takes. Shot will be reused once. TEXT: See written protocol for details of cell count procedure. 
2.6.2. The cell suspension is pipetted onto the bottom side of a filter. 
2.6.3. Talent pipettes cell suspension onto the bottom side of another filter. 

2.6.4. Talent places the plate with all inserts filled and covered with the lid into the TC incubator. 
2.7. On day 2, fill each well of a clean 6-well plate with 2-milliliters of fresh, pre-warmed SMC medium [1-MED-over the shoulder]. Remove the medium from an insert by suction [2-CU] and transfer it to the 6-well plate with SMC medium [3-MED-TXT]. 
2.7.1. *film as written. Talent should be wearing something different (could be hairstyle, hair accessory, or an item of clothing) from the prior shot to indicate that these steps are performed on a different day. 
2.7.2. *film as written. 
2.7.3. Talent carefully transfers the insert with medium removed to the fresh 6-well plate using whichever tool the lab usually uses for this purpose.  TEXT: Repeat for all inserts. 
2.8. Add 1-milliliter of a 0.5% bovine gelatin solution to the upper side of the inserts [1-CU] and place at 37 °C for at least 30 minutes [2-MED-over the shoulder/WIDE]. 
2.8.1. 1 mL of 0.5% bovine gelatin solution is added to the upper side of one insert (any other inserts in shot already have gelatin solution on them).   
2.8.2. Talent places the covered plate in the incubator and Talent places the covered plate with filters into the incubator, closes the door and then walks out of shot. Multiple takes, shot will be reused once. 
2.9. Trypsinize a 225-square-centimeter flask of endothelial cells with 3-milliliters of pre-warmed Trypsin-EDTA solution [1-MCU-TXT], with gentle tapping of the flask to lift the cells off the plate [2-MED-TXT]. 
2.9.1. Talent adds 3 mL of trypsin to an appropriately labeled flask (flask label should be in shot). TEXT: EC - endothelial cells. 
2.9.2. Talent tapping the flask to lift the cells. TEXT: It may be necessary to place the flask back into the incubator at 37 °C for 1 – 3 min. 
2.10. After resuspending the cells in EC medium and performing a cell count [1-MED-over the shoulder], remove the gelatin from the filter [4-?]. Then, plate 360,000 ECs in a 1-milliliter volume onto the top side of each filter insert [2-CU]. Let the cells incubate undisturbed at 37 °C for 24 hours [3-WIDE-TXT].
2.10.1. Use 2.6.1. Talent performing a cell count. 
2.10.4 Remove gelatin from the filter before plating endothelial cells (may be slated 2.10.2)
2.10.2. 1 mL is added to the top side of an insert filter (any other inserts in shot already have cells added). 
2.10.3. Use 2.8.2. Talent places the plate with filters into the incubator, closes the door and then walks out of shot. TEXT:  Replace medium on Day 4. Harvest on Day 5.
3. Harvesting Fractions from the VCCC
3.1. Begin fractionation by suctioning off the medium from one 6-well plate of inserts in the cell culture hood [1-MED], and then transport to a cold room on ice [2-MCU]. 
3.1.1. Talent (Lauren, again wearing something different to show time has passed) at the TC hood suctioning the medium from the plate. 
3.1.2. Show the plate on ice as Talent picks up the ice bucket. 
3.2. In the cold room [1-MED-TXT], pipette 10-microliters of PBS onto the SMC side of the inserts [2-CU-TXT]. 
3.2.1. Talent with pipettes, reagents and ice bucket containing plate in the cold room. Talent pipettes PBS from an appropriately labeled tube. TEXT: Pre-chill all instruments and solutions beforehand and keep on ice throughout the procedure. 
3.2.2. The PBS is dispensed onto the underside of an insert. TEXT:  Process no more than 6 inserts at a time. 
3.3. Use the cell lifter to scrape down the SMCs [1-CU], then transfer the cells from the scraper to a labeled Petri dish containing lysis buffer [2-MED]. 
3.3.1. One insert is scraped to remove SMCs. 
3.3.2. Talent lifts the lid, which is clearly labeled ‘SMC’, from the petri dish and agitates the scraper in the solution within. 
3.4. Once the cell scraper has touched the lysis buffer, do not allow it to touch the insert filter until it has been completely wiped and dried off on paper towels [1-MED-over the shoulder]. Repeat the scraping of the SMC filter once or twice more to fully remove the remaining SMC cell debris [2-CU]. 
3.4.1. Talent drying the cell scraper on a paper towel. 
3.4.2. The same filter is again scraped with the cell scraper. 
3.5. Next, pipette 10-microliters of PBS onto the endothelial cell side of the insert filter [1-CU]. Scrape the cells into an appropriately labeled petri dish of lysis buffer as just demonstrated [2-MED-over the shoulder/MED].
3.5.1. PBS is pipetted onto the other side of the filter seen in 3.4.2. 
3.5.2. Talent scraping the EC from the filter. Shot will be reused once. 
3.6. Collect the cell slurry from the EC side of the filter with a pipette [1-CU] and transfer to an appropriately labeled Petri dish [2-MED]. Be very thorough in scraping the cells off both sides of the filters to ensure minimal cell contamination in the myoendothelial junction fraction [3-MED-TXT]. 
3.6.1. The cell suspension is pipetted from the EC side of the filter. 
3.6.2. Talent pipettes the solution into a petri dish labeled ‘EC’. 
3.6.3. Use 3.5.2 Talent scraping the EC from the filter. TEXT: EC fraction
3.7. Next, carefully use the scalpel to cut out the filters from the plastic insert [1-MED]. Do this by cutting 70 to 80% of it away from the plastic [2-CU] and using forceps to pull the filter completely off the plastic insert structure [3-MCU]. 
3.7.1. Talent picks up scalpel and starts cutting. 
3.7.2. The scalpel finishes cutting 70 – 80% of the membrane and moves out of shot. 
3.7.3. Forceps pull the membrane from the plastic insert. 
3.8. Put each filter into a labeled 50-milliliter conical tube containing lysis buffer [1-MED-over the shoulder-TXT]. Ensure that the filters are immersed in buffer and remain wet [2-MCU-TXT]. 
3.8.1. The filter is placed into a 50-mL conical tube labeled ‘MEJ’. 5 other filters are already in the tube. TEXT: MEJ fraction
3.8.2. Talent uses a tool to push a filter under the buffer line or adds more buffer. TEXT: Repeat the process to isolate cells from additional filters
3.9. Vortex the 50-milliliter MEJ conical tube on full strength for 15 seconds or until mixed well [1-MED-over the shoulder]. Remove the filters from the MEJ conical with forceps [2-MED], dragging them along the sidewalls of the tube as to leave the maximum amount of proteins and liquid in the tube [3-CU-TXT]. 
3.9.1. Talent vortexing the tube. 
3.9.2. Talent removes a membrane from the tube by dragging it along the side of the tube and then puts on a paper towel or similar. 
3.9.3. Shot of a filter being dragged along the side of the tube. TEXT: After this point, discard the filters.
3.10. Once all the filters have been removed from the MEJ conical tube, do a quick spin in a centrifuge to pull all the liquid and proteins to the bottom of the tube [1-MED-TXT].
3.10.1. Talent standing by a big centrifuge that is in operation spinning the 50-mL tube. If this looks weird then Talent can open the lid and retrieve the tube at the end of the shot. TEXT: 10 – 15 s at max speed ~ 16,000 x g
3.11.  After the spin, transfer the contents of the MEJ tube and the SMC and EC Petri dishes into separate, smaller centrifuge tubes [1-MCU], then centrifuge the tubes at close to 16,000 x g for 15 minutes at 4 °C [2-MED-over the shoulder]. 
3.11.1. There are 3 sets of tubes in a tube rack. Tubes are clearly labeled ‘MEJ’, ‘SMC’ and ‘EC’. Some tubes contain liquid others don’t. Cell suspension is added to one of the tubes.  
3.11.2. Talent places an even number of tubes in the benchtop centrifuge (the centrifuge is balanced), closes the lid and starts the spin. 
3.12. Remove the supernatants [1-MED], then assay cell lysates for protein content using a bicinchoninic assay [3-WIDE].
3.12.1. Supernatant aspirating supernatants and placing the tube containing the pellet on ice. 
3.12.2. Talent at bench with tubes on ice. Talent retrieves a BCA assay kit from a shelf and takes out the bottles as if about to begin the BCA assay. 
4. Harvesting and Embedding the VCCC for Transverse Immunofluorescence  
4.1. On Day 5 of VCCC incubation, add 4% PFA to each well containing a rinsed filter insert [1-MED-TXT] and incubate overnight with shaking at 4 °C [2-MED-over the shoulder]. 
4.1.1. Talent (Lauren) at the TC hood adding PFA from a labeled bottle to the plate of filter inserts. TEXT: Rinsed twice with PBS. Caution: PFA is toxic and must be handled carefully.
4.1.2. Talent places the plate on the rocker in the cold room and turns it on. 
4.2. After approximately 24 hours, transfer the inserts to 70% ethanol for at least 24 hours [1-MED-TXT]. 
4.2.1. Talent (wearing something different to indicate that it is the next day) transferring the inserts to 70% ethanol. TEXT: Inserts can remain in 70% EtOH for up to several weeks. 
4.3. Process the filters on a long run on an automated tissue processor [1-BROLL-TXT]. TEXT: 70% EtOH 30 min, 85% EtOH 30 min, 95% EtOH 30 min, 100% EtOH 30 min, 100% EtOH 45 min, 100% EtOH 45 min, Xylene 30 min, Xylene 30 min, Xylene 45 min, 2 x 60 °C paraffin 30 min, 60 °C paraffin 45 min. 
4.3.1. Talent (Sheri) unloading the samples into the automated tissue processor. If it’s possible to show the different liquids in the processor as this is done please do so. 
4.4. After the run, remove a filter from its cassette using forceps to hold the filter at the edge [1-MED], and then cut the filter in half with scissors [2-MED-over the shoulder]. Lay each of the 2 halves on a cold plate [3-MCU] and fill the embedding mold with liquid paraffin [4-CU].
4.4.1. Talent removes a filter from the cassette with forceps. 
4.4.2. Talent holds filter and cuts it. 
4.4.3. *film as written. 

4.4.4. *film as written. 
4.5. Very briefly touch the filled embedding mold to the cold plate [1-MED], then embed each half of the filter into the embedding mold with the cut side down to ensure that the filter is sectioned from the center [2-CU].
4.5.1. *film as written.  
4.5.2. Both filters are inserted into the paraffin in the embedding mold. 
4.6. Use forceps to hold the filter in place to prevent the halves from falling into each other until the paraffin is cool enough for them to stand alone [1-MED]. Then move the embedding mold to a cold plate until completely solidified [2-MED-over the shoulder]. 
4.6.1. Talent holding the filters in the embedding mold with forceps. 
4.6.2. Talent places the embedding mold onto the cold plate and moves out of shot. Videographer if there is time then please get a shot of the mold in situ while still a bit molten then and then the same shot while solid. Video editor can then fade to the shot of the solidified paraffin (If short on time then this doesn’t need to be shot). 
4.7. Embed and section the filter insert in a vertical orientation [1-MCU]. After sectioning, the VCCC can be immunostained for transverse immunofluorescence [2-MED-over the shoulder-TXT]. 
4.7.1. A section is cut from the filter.  
4.7.2. Talent sectioning the sample (detail not required). TEXT: See written protocol for details of immunostaining. 
5. Results: Myoendothelial Junction Formation in Vascular Cell Co-Cultures
5.1. This immuno-transmission electron microscope image shows a mouse artery with expression of alpha globin at the MEJ labeled with gold beads, which appear as black dots [1-LM]. 
5.1.1. LAB MEDIA: 55992_Isakson_Figure2A. TEXT: Scale bar = 1 µm. Video Editor please show image then add arrows or a circle around the three black dots that are about a third of the way up from the bottom of the image. 
5.2. This western blot demonstrates that plasminogen activator inhibitor 1 expression is enriched in the MEJ fraction versus the EC or SMC fractions [1-LM]. Plastic EC indicates ECs grown on a plastic dish, which do not form MEJ [2-LM]. 
5.2.1. LAB MEDIA: 55992_Isakson_Figure2B. Video editor. Please show figure then add an arrow above the VCCC lettering that points downward to the ‘MEJ’ label. 
5.2.2. LAB MEDIA: 55992_Isakson_Figure2B Video editor. Please remove prior arrow and add an arrow that points downward to the ‘Plastic EC’ label. 
5.3. Immunostaining reveals the tight compartmentalization of the VCCC model [1-LM]. The alpha-1 adrenergic receptor 1 is seen only in the smooth muscle cell layer [2-LM]. 
5.3.1. LAB MEDIA: 55992_Isakson_Figure3A. Show image. 
5.3.2. LAB MEDIA: 55992_Isakson_Figure3A_SMC. Zoom in to this image from the first, complete image. 
5.4. The bradykinin receptor is seen only in the endothelial cell layer [1-LM]. 
5.4.1. LAB MEDIA: 55992_Isakson_Figure3A_EC. Video Editor please replace the prior image with this one. 
5.5. F-actin staining is throughout both cell types and the in vitro MEJ [1-LM] as indicated by the white arrow [2-LM]. 
5.5.1. LAB MEDIA: 55992_Isakson_Figure3A_merged. Show image. 
5.5.2. LAB MEDIA: 55992_Isakson_Figure3A_F-actin. Video editor please fade to this image from prior one. 
6. Conclusion (said by authors on camera)

6.1. Lauren Biwer: While attempting this procedure, it’s important to remember to keep everything sterile until the time of harvest, carefully plate the cells and thoroughly scrape the filters.

6.2. Lauren Biwer: Following this procedure, other methods like western blotting or immunofluorescence can be performed in order to answer additional questions like protein localization, expression level or activation.   
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.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.  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.  

STEP 2.1 Isakson_Figure1.psd (Schematic for plating the VCCC)
General Preparation

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 are included in the email accompanying the finalized script.
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