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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_NO_  

Can you record movies/images using your own microscope camera? (Y/N)_Yes for Images and No for Video_  

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: _Leica DM5500 B_

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_NO_ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Answer: 2.2, 2.4, 2.8, 3.2, 3.5 and 4.5.
D.  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.) 
Answer: There is no difficult step in this procedure. The difficult step (4.4) is to tie the vein to its inlet and outlet in bioreactor under laminar flow chamber. It comes with practice.
E.  Location: Will the filming need to take place in multiple locations? (Y/N) _Yes. In two labs of same corridor._ If yes, how far apart are the locations? _25 meters _
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to describe an easy protocol for generating personalized human saphenous (pronounced “suh-fee-nuh s”) veins, using methods of decellularization by detergents, and recellularization with peripheral blood and endothelial medium (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Vijay Kumar Kuna: This method explains a detailed procedure of saphenous vein tissue engineering.  We also demonstrate preparation of decellularization setups and bioreactor for recellularization using simple apparatus [1-MED].
1.1.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
1.2. Vijay Kumar Kuna: The main advantage of this technique is that a simple blood sample is required for recellularization, thus eliminating painful bone marrow collection and time consuming cell culture procedures [1-MED].
1.2.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Gothenburg University [1-Title Card].
1.9.1. Title Card
Protocol: (read by voice talent at JoVE)
2. Preparation of Decellularization Setups and Recellularization Bioreactor
2.1. For Triton X-100 perfusion and washing, prepare Decellularization Setup 1.  To a 2 Liter chamber, tape all three pieces of tube A [1-MED-TXT].  Tape one tube to the wall, where the edge touches the bottom of the chamber, for the detergent’s inlet [2-CU].  
2.1.1. Talent brings the plastic tub and tubing together at the bench in preparation for assembling Decellularization Setup 1.  TEXT Overlay: See Table 1 in text for silicon tubes
2.1.2. Tube as talent tapes to one wall where the edge touches the bottom of the chamber.
2.2. Tape the other two tubes to the opposite wall with a distance of 5 to 10 centimeters in between, depending on the length of the vein [1-MED-over the shoulder].  At least 5 centimeters of these tubes should also be taped to the chamber’s floor [2-CU]. 
2.2.1. Talent tapes the other two tubes to the opposite wall with a distance of 5 to 10 centimeters. (Author Comment: Shot 2.2.2 was combined with shot 2.2.1. Therefore shot 2.2.2 is not available.) (Videographer Comment: 2.2.1 and 2.2.2 are not combined, slate says 2.2.1 and 2.2.2 but it is only 2.2.1) (Editor: Looks like they disagree. Guess the only way to know is to check the footage.)
2.2.2. Talent tapes at least 5 centimeters of the tubes to the chamber’s floor.
2.3. Connect the detergent’s inlet tube to tube B using the male and female Luer connectors [1-MED-over the shoulder].  Then connect tube B to tube F, and tube F to tube C [2-CU].  Connect tube C to the vein inlet [3-MED-over the shoulder].  Now, place tube F into the cassette of the peristaltic pump I [4-CU].
2.3.1. Talent connects detergent’s inlet tube to tube B using the male and female Luer connectors.
2.3.2. Tubes as talent connects tube B to tube F using the male and female Luer connectors and connects tube F to tube C using the male and female Luer connectors.
2.3.3. Tube C as talent connects it to the vein inlet using the male and female Luer connectors.
2.3.4. Cassette of the peristaltic pump as talent places tube F there.
2.4. Take another tube C and connect one end to the vein’s outlet [1-MED-over the shoulder].  Place the other end into a glass jar equipped with a bottom hose outlet and positioned 45 centimeters above the chamber, and tape it to secure.  This serves as the detergent outlet [2-CU]. 
2.4.1. Talent connects one end of another tube C to the vein’s outlet.
2.4.2. Tube C as talent places the other end into an elevated glass jar with a bottom hose outlet and tapes it to secure.
2.5. Then, push one end of tube G into the hose outlet of the glass jar and place the other end into the vein chamber [1-MED-over the shoulder].
2.5.1. Talent pushes one end of tube G into the hose outlet of the glass jar and places the other end into the vein chamber. 
2.6. Next prepare Decellularization Setup 2 for TnBP (pronounced as “T-N-B-P”) perfusion, as detailed in the text protocol [1-BROLL-TXT].  
2.6.1.  Footage of the prepared Decellularization Setup 2.  TEXT Overlay: TnBP = tri-n-butyl-phosphate
2.7. Also prepare Decellularization Setup 3 for DNase perfusion, as detailed in the text, and place it at 37 degrees Celsius [1-MED].
2.7.1. Talent places the prepared Decellularization setup 3 at 37 degrees Celsius.
2.7.2. [Added Shot]: Talent closes the thermostat. (Author Comment: Change of text in voice over is not required) (Editor: The videographer called this an “extra shot of close lid” – if it’s extra, then it can either be omitted or used when the temperature is mentioned, depending on what you think looks best)
2.8. To prepare the Recellularization Bioreactor, insert tube H into one port of a 4-port cap to serve as the vein’s outlet [1-CU].
2.8.1. 4-port cap as talent inserts tube H into one port.  
2.9. Into the second port, insert tube I (pronounced “eye”) to serve as the media inlet… [1-MED-over the shoulder] and into the third port, insert tube J for the vein’s inlet [2-CU].  Next, insert the other end of tube H into the 4th port to serve as the media outlet [3-MED].
2.9.1. Talent insets tube I into the 2nd port.
2.9.2. Cap as talent inserts tube J into the 3rd port.
2.9.3. Cap as talent inserts the other end of tube H into the 4th port.
2.10. Connect the reducing connectors to the inner ends of tubes H and J [1-MED-over the shoulder]. Bend the other end of tube J into a U shape and tie it with a suture [2-CU].  
2.10.1. Talent connects the reducing connectors into the inner ends of tubes H and J.
2.10.2. Tube J as talent bends the other end into a U shape and ties it with a suture.
2.11. Now, place a 60 milliliter tube with a flat base into a 250 milliliter glass [1-CU].
2.11.1. 250 mL glass bottle as talent places a 60 mL tube with a flat base in it and positions the prepared cap setup into the tube. (Author Comment: This action is moved to shot 2.12.4.)
2.12. Next, connect one end of tube K to the vein’s inlet and connect the other end to tube E [1-CU].  Connect tube E to a second tube K and then to the media inlet [2-MED or MED-over the shoulder]. [3-CU]. Then place the prepared cap setup into the tube present in bottle [2.14.4].
2.12.1. Tube K as talent connects one end to the vein’s inlet and the other end to tube E.
2.12.2. Talent connects tube E to a second tube K and then connects the other end to media inlet. 
2.12.3. Media inlet as talent connects the other end of the second tube K there. (Author Comment: Shot 2.12.3 was combined with 2.12.2) (Editor: The authors adjusted the VO to be much shorter here – they’ve done this throughout. I’ve left the adjusted VO here because I’m not sure how long the shot is. If the shot needs additional VO to cover it, it can be adjusted back)
2.12.4. [Added Shot]: Talent places the prepared cap setup into bottle.
2.13. Finally, sterilize the bioreactor by autoclaving [1-WIDE].
2.13.1. Talent places the bioreactor into the autoclave.
3. Decellularization of Saphenous Vein
3.1. Perform a freeze-thaw cycle on a human saphenous vein as detailed in the text protocol before cutting a biopsy 2 millimeters in length using scissors [1-CU].  Fix the biopsy in formaldehyde for 24 to 48 hours at room temperature [2-MED-over the shoulder]. 
3.1.1. Human saphenous vein as talent cuts a biopsy 2 mm in length using scissors.
3.1.2. Talent places the biopsy in formaldehyde.
3.2. Tie each end of the vein to the barbs of a male and female Luer connector with a suture [1-CU].
3.2.1. Vein as talent ties each end to the barbs of a male and female Luer connector with a suture.
3.3. Connect the vein to decellularization setup 1… [1-CU] and fill the chamber with 1 Liter of solution 2 [2-MED-TXT]. 
3.3.1. Vein as talent connects to decellularization setup 1.
3.3.2. Setup as talent adds 1 liter for solution 2 into chamber.  TEXT Overlay: See text for preparation of all solutions
3.4. Now, perfuse for 15 minutes at 35 milliliters per minute…. [1-MED-over the shoulder], and empty the contents of the setup [2-CU].  Then, add 1 liter of solution 4 and perfuse for 4 hours at 35 milliliters per minute [3-MED].
3.4.1. Talent turns on the pump to perfuse at 35 mL/min.
3.4.1.1. [Added Shot]: Vein while solution is pumping through and dripping of perfused solution into bottle placed in height. (Author Comment: No extra text is required in voice over) (Editor: I’m not sure exactly where the authors want this used. It seems like it could be used either instead of, or alongside, 3.4.1.1 – depending on what looks best)
3.4.2. Setup as talent empties it.
3.4.3. Talent adds 1 L of solution 4 and starts pump.
3.5. Empty the contents, add 500 milliliters of solution 2, perfuse for 5 minutes, and again, empty the contents [1-CU].  Disconnect the vein from perfusion setup 1 [2-MED-over the shoulder] and connect it to perfusion setup 2 [2-MED-over the shoulder] [3.5.2.1].
3.5.1. Set-up as talent finishes up adding 500 mL of solution 2 and starts pump.
3.5.2. Talent disconnects the vein from perfusion setup 1 and connects it to perfusion setup 2. (Author Comment: Done as shot 3.5.2.1.)
3.5.2.1. [Added Shot]: Talent connects the vein to perfusion setup 1. (Author Comment: No extra text is required in voice over)
3.6. Next, add 1 Liter of solution 5, turn on the stirrer and perfuse for 4 hours at 35 milliliters per minute [1-CU].
3.6.1. Set-up as talent finishes up adding solution 5, turns on stirrer, and starts pump.
3.7. Disconnect the vein from perfusion setup 2 and wash the vein’s outside twice with 20 milliliters of ultrapure water [1-MED-over the shoulder].  Then, use a syringe to wash the vein’s inside twice with a 20 milliliters of ultrapure water for 5 to 10 minutes [2-CU]. 
3.7.1. Talent washes the outside of the vein with 20 mL of ultrapure water.
3.7.2. Vein and syringe as talent washes the inside of the vein with ultrapure water. 
3.8. After perfusing with perfusion setup 3 as described in the text protocol, connect the vein to perfusion setup 1 [1-MED].
3.8.1. Talent connects the vein to perfusion setup 1.
3.9. Fill 1 Liter of solution 2 and perfuse overnight at 35 milliliters per minute.  Repeat the perfusion process 4 times for complete removal of nuclear material [1-WIDE-TXT].
3.9.1. Talent adds 1 Liter of solution 4 to the perfusion setup 1.  Use labeled containers. TEXT Overlay: See text for more info
3.10. Following perfusion, empty the setup, fill 1 Liter of solution 2 and perfuse for 24 hours at 35 milliliters per minute [1-MED-over the shoulder-TXT].  
3.10.1. Talent fills with 1 L of solution 2 and begins pump.  Use labeled containers.  TEXT Overlay: Change solution 2 after 12 h.  
3.10.2. [Added Shot]: Show the color change in vein to white. (Author Comment: No extra text is required in voice over) (Editor: I’m not sure exactly where the authors want this without checking the footage. If it seems appropriate to use it alongside 3.10.1, I’d suggest that)
3.11. After 24 hours, empty the setup again and fill with 1Liter of the ultrapure water.  Perfuse for another 24 hours at 35 milliliters per minute [1-CU-TXT].  
3.11.1. Setup as talent empties, fills with ultrapure water and starts pump.  TEXT Overlay: Change the ultrapure water after 12 hours.  
3.12. Finally, repeat the perfusion using the same conditions but with solution 7 [1-MED-TXT].
3.12.1. Talent pours solution 7 into the setup from a labeled container. TEXT Overlay: Change the solution 7 after 12 hours.  
4. Recellularization
4.1. After verification of decellularization as described in the text protocol, sterilize the vein by placing it in a 50 milliliter tube containing 50 milliliters of solution 8 [1-MED-over the shoulder].  Agitate at 80 rotations per minute in the shaker for 1 hour at 37 degrees Celsius [2-CU].
4.1.1. Talent places the vein into a 50 mL tube containing 50 mL of solution 8.  Use labeled containers.
4.1.2. Vein as it is agitated in the shaker.
4.2. Working in the laminar flow cabinet to maintain sterility, now use sterile forceps to transfer the sterile vein to a new 50 milliliter tube containing 50 milliliters of sterile solution 7 containing 500 microliters of anti-anti [1-MED].  Agitate the vein as before for 12 hours, changing Solution 7 at least twice in between [2-MED-over the shoulder].
4.2.1. Talent transfers the vein using sterile forceps to a new 50 mL tube containing 50 mL of sterile solution 7 and will add anti-anti.  Use labeled containers.
4.2.2. Talent starts the vein agitating.
4.3. Using sterile forceps, transfer the vein to a new 50 milliliter tube, add 50 milliliters of endothelial media, and agitate for 11 hours [1-CU].
4.3.1. Sterile forceps as talent uses them to transfer the vein to a new 50 mL tube and adds 50 mL of endothelial media.
4.4. Now, connect the vein by tying it to the bioreactor’s vein inlet and outlet with sterile suture and forceps [1 -MED-over the shoulder], and tighten the cap setup to the 250 milliliter bottle [1 -MED-over the shoulder] [4.4.2].
4.4.1. Working in the laminar flow cabinet, talent connects the vein to the bioreactor’s inlet and outlet with sterile suture and forceps and places the cap setup into bioreactor. (Author Comment: Done as shot 4.4.2)
4.4.2. [Added Shot]: Talent places the cap setup into bioreactor and tightens the screw. (Author Comment: No extra text is required in voice over)
4.5. Fill the bioreactor with the same endothelial medium [1-CU].  Add heparin at 50 units per milliliter [4.5.1.1] and perfuse for 1 hour at 2 milliliters per minute in the incubator [2-MED].
4.5.1. Bioreactor as talent fills with the same medium and adds heparin with micropipette. (Author Comment: Done as shot 4.5.1.1)
4.5.1.1. [Added Shot]: Talent adds heparin with micropipette. (Author Comment: No extra text is required in voice over)
4.5.2. Talent places the bioreactor in incubator and starts pump.
4.6. Collect 15 to 25 milliliters of fresh blood from the donor in heparin coated vacutainer tubes and dilute it 1 to 1 with Steen solution [1-CU].
4.6.1. Heparin coated vacutainer as talent transfers the fresh blood from heparin coated vacutainer into a 50 milliliter tube and dilutes it with Steen solution. 
4.7. Later, add endocrine gland-derived vascular endothelial growth factor, basic fibroblast growth factor and acetyl salicylic acid [1-MED-TXT].
4.7.1. Talent adds endocrine gland-derived vascular endothelial growth factor, basic fibroblast growth factor and acetyl salicylic acid.  Use labeled containers.  TEXT Overlay: See text for concentrations
4.8. After emptying the endothelial medium from the bioreactor, add the blood into it and perfuse for 48 hours at 2 milliliters per minute in a 37 degree Celsius incubator with 5% CO2 [1-MED-over the shoulder].
4.8.1. Talent adds the blood into the emptied bioreactor and moves it to the incubator and starts the perfusion.
4.8.1.1. [Added Shot]: Blood perfusion through bioreactor tubing is shown. (Author Comment: No extra text is required in voice over) (Videographer Comment: This is an extra shot to show the red color) (Editor: Since it’s to show the red color, I’d suggest using this at the end of the VO – either but itself in or alongside 4.8.1.1)
4.9. Approximately 12 hours later, work in the laminar flow cabinet to remove a drop of blood from the bioreactor, and measure glucose using a blood glucose monitoring device [1-CU].  If the level is less than 3 millimols per liter, add glucose to bring it within the range of 7 to 9 millimols per liter [2-MED-over the shoulder-TXT] [4.9.1.1-TXT].  
4.9.1. Talent takes a drop of blood from bioreactor and measures the glucose level using a glucose monitoring device.  Level is less than 3 mM/L
4.9.1.1. [Added Shot]: Talent measures the glucose level using a glucose monitoring device. TEXT Overlay: Repeat this step every 8 to 12 hours  (Author Comment: No extra text is required in voice over)
4.9.2. Talent adds glucose into the blood. (Author Comment: Was not done because glucose level was above 3 mM/L.) TEXT Overlay: Repeat this step every 8 to 12 hours  
4.10. After 48 hours back in the incubator, drain the blood from the bioreactor in the laminar flow cabinet [1-CU].  Add 30 milliliters of sterile solution 7, perfuse for 5 minutes, and drain the solution.  Repeat this process until the blood red color is lost [2-MED-over the shoulder].
4.10.1. Bioreactor’s tube as talent drains the blood.
4.10.2. Talent adds 30 mL of sterile solution 7 and begins perfusion.  Use labeled containers.
4.11. Finally, add 30 to 45 milliliters of endothelial medium and perfuse for 96 hours in the incubator at 2 milliliters per minute [1-MED].
4.11.1. Talent adds 30 to 45 milliliters of endothelial medium from a labeled container and begins perfusion.
4.12. Disconnect the recellularized vein from the bioreactor in the laminar flow cabinet, cut 5 millimeter edges of the vein using scissors, and discard [1-MED-over the shoulder].  Take a biopsy as before [2-CU], place in formaldehyde and perform verification of recellularization as described in the text protocol [2-CU] [3-CU].
4.12.1. Talent finishes disconnecting the recellularized vein from the bioreactor in the laminar flow cabinet and cuts 5 millimeter edges of the vein using scissors. [Shots 4.12.1 and 4.12.2 combined]
4.12.2. Vein as talent takes a biopsy.
4.12.3. [Added Shot]: Talent keeps the biopsy in formaldehyde.
5. Results: Evaluation of Normal, Decellularized and Recellularized Veins
5.1. The gross morphology of a normal vein looks bright red in color [1-LM].  The red color is lost in progressive decellularization cycles, and after 5 cycles of treatment, looks pale and white [2-LM].  The vein recellularized by perfusion of peripheral blood and endothelial medium again looked bright red in color [3-LM].

5.1.1. 57803 Figure 1.tif – Video editors, please zoom onto the top panel.
5.1.2. 57803 Figure 1.tif – Video editors, staying zoomed in, please slide down to the middle panel.
5.1.3. 57803 Figure 1.tif – Video editors, staying zoomed in, please slide down to the bottom panel.
5.2. Shown here is a representative hematoxylin (pronounced “hee-muh-tok-suh-lin”) and eosin (pronounced as “ee-uh-sin”) staining image of normal vein showing the presence of many blue nuclei [1-LM].

5.2.1. 57803 Figure 2.tif

5.3. However, blue nuclei were not seen in the hematoxylin and eosin staining of the decellularized vein [1-LM].

5.3.1. 57803 Figure 3.tif
5.4. In the recellularized vein perfused with blood and endothelial medium, the hematoxylin and eosin staining showed the presence of cell attachment at the lumen [1-LM].
5.4.1. 57803 Figure 4.tif – Video editors, please highlight the black arrows.
6. Conclusion (said by authors on camera)

6.1. Vijay Kumar Kuna: After watching this video, you should have a good understanding of how to perform decellularization of saphenous vein by detergents and recellularization with peripheral blood and endothelial medium [1-MED].

6.1.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
6.2. Vijay Kumar Kuna: This technique of decellularization using perfusion of Triton X-100, TnBP and DNase at a pressure was successful and reproducible in the removal of nuclei from human saphenous veins [1-MED].
6.2.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
6.3. Vijay Kumar Kuna: Though this technique takes 20 days to complete, storing the decellularized vein as an off-the-shelf product will decrease the procedure time to 8 days [1-MED].

6.3.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
6.4. Vijay Kumar Kuna: Recellularization of veins using the recipient’s peripheral blood may be considered clinically relevant.  Veins recellularized with a similar protocol showed promise in clinical transplantation by providing a functional blood supply after operation [1-MED].
6.4.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
6.5. Vijay Kumar Kuna: With slight modifications, this protocol can be used for any vein type and as a personalized graft in clinics for all vascular surgeries [1-MED].
6.5.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
6.6. Vijay Kumar Kuna: The preparation of decellularization setups and the recellularization bioreactor are easy, cost-effective and handling personnel do not require any special expertise [1-MED].
6.6.1. Vijay speaks towards the camera (looking slightly off-camera), interview style.
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.  

Insert your media filenames here.
Figure 1.tif – gross morphology image of normal, decellularized and recellularized vein
Figure 2.tif – H&E staining image of normal vein

Figure 3.tif – H&E staining of decellularized vein

Figure 4.tif – H&E staining of recellularized vein
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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