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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N__  We only need to observe tissue structure after staining under common microscope.
Can you record movies/images using your own microscope camera? (Y/N)___Y______  

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: _____________________________________________

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

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.) ____Step 2.5.1, 3.5.1, 3.7.1. of the protocol_______________________________________
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.) ____Step 2.5.1., 3.7., 4.5. ______________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y___ If yes, how far apart are the locations? ______The filming will need to take place in two locations. They are in the upper and lower two floors of central laboratory building. _____________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Wanwen Chen: This method can help answer key questions in the vascular tissue engineering field, such as monitoring the dynamics of engineered vascular growth and remodeling during long-term culture [1-MED].
1.1.1. Wanwen Chen speaks towards (looking just off-camera), interview style.
1.2. Wanwen Chen: The main advantage of using Optical-Coherence-Tomography, or OCT, is that it is a readily available, real-time and nondestructive imaging strategy to characterize the structural features and remodeling process of engineered vessels [1-MED].   
1.2.1. Wanwen Chen speaks towards (looking just off-camera), interview style.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Wanwen Chen: [1-MED] Demonstrating the procedure will also be Shangmin Liu… [2-MED] and Wentao Ma, technicians from my laboratory [3-MED]. 
1.3.1. Wanwen Chen speaks towards (looking just off-camera), interview style.  Video editors, please use this as the audio and 1.3.2 and 1.3.3 as the visual.
1.3.2. Shangmin looks up from workbench or desk or microscope and acknowledges the camera.
1.3.3. Wentao looks up from workbench or desk or microscope and acknowledges the camera.
D.  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 Guangdong General Hospital Research Ethics Committee [1-Title Card].
1.4.1. Title Card.
Protocol: (read by voice talent at JoVE)
2. Degradable Polyglycolic Acid (PGA) Scaffold-based Tissue-engineered Vessels Culture

2.1. To begin this procedure, fabricate the PGA scaffold as described in the text protocol [1-CU].
2.1.1. Finished scaffold as talent displays it to the camera.
2.2. Dip PGA scaffolds in 1 mol per Liter sodium hydroxide for 1 minute to adjust the spatial structure of the mesh [1-MED].  Then, soak the scaffolds in tissue culture grade water three times for 2 minutes each [2-MED-over the shoulder].
2.2.1. Talent dips the PGA scaffolds into a labeled container of NaOH.
2.2.2. Talent transfers the PGA scaffolds to tissue culture grade water.  
2.3. Each time, gently pat dry the scaffold with a tissue paper [1-CU].  Then, dry up the scaffolds in a hood with a blower for 1 hour [2-MED].
2.3.1. Scaffold as talent gently pats it dry with a tissue paper.
2.3.2. Talent dries the scaffolds in the hood with a blower.
2.4. To assemble the bioreactor and the Y-junction for OCT imaging, first soak the self-developed glass cylindrical bioreactor, PGA scaffolds, silicone tube, biocompatible tubes, and connectors in a 95% ethanol tank for 2 hours [1-MED-over the shoulder].
2.4.1. 95% ethanol tank as talent places the self-developed glass cylindrical bioreactor, PGA scaffolds, silicone tube, biocompatible tubes, and connectors there.
2.5. Pull the PGA scaffold through the side-arms of the bioreactor connected to one side with a connector, as well as to another side with the Y-junction used to deliver the OCT guidewire [1-CU].  Assemble another PGA scaffold in the bioreactor in the same way [2-MED]. 
2.5.1. Bioreactor as talent pulls the PGA scaffold through the side-arms of the bioreactor connected to one side with a connector, as well as to another side with the Y-junction used to deliver the OCT guidewire.
2.5.2. Talent assembles another PGA scaffold in the bioreactor.
2.6. Fit the polytetrafluoroethylene (pronounced as “pol-ee te-truh flohr-oh eth-uh-leen”) to the bioreactor lips by tightening it with 4-0 (pronounced “four dash zero”) sutures [1-CU].  Put the bioreactor in the ethanol tank again for 1 hour before drying it overnight in a hood with the blower on [2-MED].
2.6.1. Bioreactor as talent fits the polytetrafluoroethylene to the bioreactor lips by tightening it with 4-0 sutures.
2.6.2. Talent places the bioreactor in the ethanol tank.
2.6.3. Added shot: MED: Dry the bioreactor with PGA scaffolds loading overnight in a hood with the blower on.
2.7. Now, isolate human umbilical artery smooth muscle cells from human umbilical arteries by standard explant techniques [1-MED-over the shoulder].
2.7.2 Added shot: MED: Isolate human umbilical arteries and culture human umbilical artery smooth muscle cells by explant attached method. (the label is 2.7.1A when shooting, move step 2.7.2 above step 2.7.1)
2.7.1 Cells as talent pulls them out of the incubator. (the label is 2.7.1B when shooting)
2.8. Shangmin Liu: In the course of seeding the cells into PGA scaffolds, avoid any dripping of cell suspension on the bottom of bioreactor.  Also, cover the bioreactor with a silicone stopper lid as soon as possible after cell seeding to prevent contamination [1-MED].
2.8.1. Shangmin speaks towards camera (looking just-off camera), interview style.
2.9. Expand and maintain the cells in smooth muscle cell growth medium [1-MED-TXT].  Seed the human umbilical artery smooth muscle cells at a concentration of 5 million cells per milliliter in the above culture medium onto the PGA scaffolds [2-CU].
2.9.1. Talent works in the hood to expand and maintain the cells in smooth muscle cell growth medium.  TEXT Overlay: See text for smooth muscle growth medium
2.9.2. PGA scaffolds as talent seeds the cells there.
2.10. After placing a stir bar in the bioreactor, cover it with the silicone stopper lid that has one feeding tube, and three short tubing segments, inserted for gas exchange [1-ECU].  Attach PTFE 0.22-micron filters to each air change tube and attach one heparin cap to the feeding tube [2-MED-over the shoulder].
2.10.1. Bioreactor as talent places the stir bar there. Cover bioreactor with silicone stopper lid.
2.10.2. Talent attaches PTFE 0.22-micron filters to each air change tube and one heparin cap to the feeding tube.
2.11. Adjust the stir bar with a stirring speed of 13 rounds per minute [1-CU].  Then, assemble the glass bioreactor, silicone stopper lid, and PGA scaffold into the culture system [2-MED-over the shoulder].
2.11.1. Talent adjusts the stir bar with a stirring speed of 13 rounds per minute.
2.11.2. Talent assembles the glass bioreactor, silicone stopper lid, and PGA scaffold into the culture system.
2.12. Allow the cells to adhere for 45 minutes by leaning the bioreactor every 15 minutes with a stand, to the left and to the right [1-CU-TXT]. 
2.12.1. Bioreactor as talent leans it from left to right.  TEXT Overlay: Seal reactor ports and joints with paraffin film
2.13. Now, connect the Luo-Ye pump, phosphate buffered saline bag, and driver, with the biocompatible tubes, in order to create the perfusion system [1-MED-over the shoulder].  Open the driver to fill the tubes with PBS [2-CU].
2.13.1. Perfusion system as talent connects the different components (Luo-Ye pump, the PBS bag, the driver and biocompatible tubes).
2.13.2 Perfusion system as talent opens the driver to drive PBS flow.    (the label is 2.13.2A when shooting)
2.13.3 Added shot: CU: Talent fills the tubes with PBS.   (the label is 2.13.2B when shooting)

2.14.   Fill the culture chamber with 450 milliliters of the culture medium [2-MED-over the shoulder or MED].  Place the overall bioreactor in a humidified incubator with 5% CO2 at 37 degrees Celsius [1-MED].
2.14.2 Talent fills the culture chamber with 450 milliliters of the HUASMCs culture medium. 

2.14.1 Talent places the overall bioreactor in a humidified incubator.

2.15. Press the stop button and turn off the power of the drive device [1-MED-over the shoulder].  
2.15.1. Talent presses the stop button and turns off the power to the drive device.
2.16. Grow the seeded scaffolds under static culture for one week, changing the culture medium every 3 to 4 days by aspirating half of the old medium through the feeding tube… [1-WIDE] and refilling the reactor with an equivalent amount of fresh culture medium [2-CU].
2.16.1. Talent approaches the culture and begins to aspirate out the old medium.
2.16.2. Reactor as talent refills with an equivalent amount of fresh culture medium.
2.17. To prepare the perfusion system for OCT imaging, pump fluids in the PBS bag to circulate them through the biocompatible tubes and back to the bag [1-MED].
2.17.1. Talent pumps fluids in the PBS bag to circulate them through the biocompatible tubes and back to the bag.
2.18. Open the power of the driver and regulate the pump setting with a frequency of 60 beats per minute and an output systolic pressure of 120 millimeters of mercury [1-MED-over the shoulder].  Adjust the mechanical parameters according to the needs of the tissue-engineering vascular culture [2-MED].
2.18.1. Talent opens the power of the driver and regulates the pump setting with a frequency of 60 beats per minute and an output systolic pressure of 120 millimeters mercury.
2.18.2. Talent adjusts the mechanical parameters.
2.19. Click the run button to make the perfusion system work [1-CU].  Provide the fixed pulsatile stimulation to the vessels for 3 weeks by iteratively pressurizing the biocompatible tubes after 1 week of static culture [2-WIDE].
2.19.1. Display on the driver as talent clicks the run button to make the system work.
2.19.2. Talent working at the perfusion system.
3. Performing Optical Imaging with OCT and Image Analysis
3.1. Use a light source to ensure the axial resolution of 10 to 20 microns and the image depth of 1 to 2 millimeters to identify the structure of the tissue-engineered blood vessels, or TEBVs, based on the frequency-domain OCT intravascular imaging system [1-MED].
3.1.1. Scan the OCT intravascular imaging system.
3.2. Turn on the power switch and open the image capture software [1-MED-over the shoulder].
3.2.1. Talent turns on the power switch and opens the image capture software.  
3.3. Connect the fiber optic imaging catheter to the drive-motor and optical controller with the catheter automatic retreat function [1-MED].
3.3.1. Talent connects the imaging catheter to the drive-motor and optical controller manually.
3.4. Set the parameters of the image acquisition rate to 10 frames per second with an automatic pullback speed of 10 millimeters per second [1-MED-over the shoulder].
3.4.1. Talent sets the parameters of the image acquisition rate to 50 frames per second with an automatic pullback speed of 10 millimeters per second.
3.5. Now, attach the imaging catheter to the Y-junction via the heparin cap with an 18-Gauge needle [1-CU].
3.5.1. Imaging catheter as talent attaches it to the Y-junction via the heparin cap with an 18-Gauge needle.
3.6. Place the catheter into the silicone tube and identify the suture tightness of the PGA mesh before loading the PGA scaffold onto the bioreactor [1-MED-over the shoulder].  
3.6.1 Talent places the catheter into the silicon tube.  (the label is 3.6.1A when shooting)
3.6.2 Added shot: MED: Identify the suture tightness of the PGA mesh before loading the PGA scaffold onto the bioreactor. (the label is 3.6.1B when shooting)
3.7. Now, place the catheter tip over the region of interest [1-CU].  Adjust the pullback device and check for the image quality [2-MED-over the shoulder].
3.7.1. Catheter tip as talent places it over the region of interest.
3.7.2. Talent adjusts the pull-back device and checks for image quality.
3.8. Acquire images at 1, 4, 7, 10, 14, 17, 21, and 28 days in culture for each individual TEBV.  Save the images sequentially with a real-time observation of the TEBV microstructure, including surface morphology, internal structure, and composition [1-SCREEN].
3.8.1. 58040_Lin_SCREEN_3.8.1: Screen capture movie of the image software as talent acquires images for each individual tissue-engineered blood vessel.  Talent also enters a real-time observation of the tissue-engineered blood vessel microstructure, including surface morphology, internal structure, and composition
3.9. Repeat the measurement 3 times to get a reliable measurement of the engineered vessels each time.  Capture a series of images throughout testing using the image capture software [1-WIDE or WIDE].
3.9.1. One independent investigator blinded to the obtained information works at the computer to take measurements and images.
3.10. To use image analysis software to measure the tissue-engineered blood vessel wall thickness, first select the image to be analyzed.  Then, click the tracking tool to automatically identify the inner side of the tissue-engineered blood vessel with the software and manually sketch the outer side.  A diagram of thickness will appear on the screen [1-SCREEN]. 
3.10.1. 58040_Lin_SCREEN_3.10.1: Screen capture movie of the image analysis software as talent selects the image to be analyzed, clicks the tracking tool to automatically identify the inner side of the tissue-engineered blood vessel with the software, and manually sketches the outer side.  A diagram of thickness appears on the screen
3.11. Wanwen Chen: Repeat the measurement for 5 times to get a reliable measurement of the constructs and consider using two independent investigators blinded to the obtained information [1-MED].
3.11.1. Wanwen Chen speaks towards the camera (looking just off-camera), interview style. 
4. Harvest of the TEBVs and Tissue Processing
4.1. Open the silicone stopper lid placed over the bioreactor when the culture is finished and discard the culture medium [1-MED].  Loosen the polytetrafluoroethylene from the bioreactor lips and cut the silicone tubes from the outer side of the polytetrafluoroethylene with scissors [2-MED-over the shoulder].  
4.1.1. Talent opens the silicone stopper lid and discards the culture medium.
4.1.2. Polytetrafluoroethylene as talent loosens it from the bioreactor lips and cuts the silicone tubes from the outer side with scissors.
4.2. Harvest the TEBVs from the bioreactor and cut them into sections for a scanning electron microscopy examination [1-CU].  
4.2.1. Talent uses scissors to cut engineered blood vessels into sections for SEM and histological staining.
4.3. Pull out the supporting silicone tube and fix the sections with 4% paraformaldehyde [1-MED].  Perform routine histological staining with Masson’s trichrome and Sirius red to examine the morphology of collagen and PGA [2-MED-over the shoulder].
4.3.1. Talent pulls out the supporting silicone tube and fixes the sections with 4% paraformaldehyde.
4.3.2. Talent shows the labeled containers with samples.
4.4. To assess the PGA content and collagen component, observe histologic samples with Sirius red staining through a polarized microscope [1-MED].
4.4.1. Talent places the histologic samples onto the stage of a microscope.  
5. Results: Characterization of Biodegradable Polymeric Scaffold-Based TEBVs and Remodeling Process through OCT Imaging
5.1. OCT images are compared with histopathological finds of TEBVs after 4 weeks of culture [1-LM].  
5.1.1. 58040_Lin_Figure1.tif
5.2. The OCT image shows compact microstructure and specific components compared with histological assessment [1-LM].  The culture medium… [2-LM], the silicone tube… [3-LM], the TEBV… [4-LM], and the PGA fragment are visible [5-LM].   
5.2.1. 58040_Lin_Figure1.tif – Video editors, please zoom into the left-most panel.
5.2.2. 58040_Lin_Figure1.tif – Video editors, please highlight the “M”.
5.2.3. 58040_Lin_Figure1.tif – Video editors, please highlight the “S”.
5.2.4. 58040_Lin_Figure1.tif – Video editors, please highlight the white arrow.
5.2.5. 58040_Lin_Figure1.tif – Video editors, please highlight the red arrow.
5.3. Masson’s trichrome staining demonstrates collagen fibers distributed in a certain direction along with PGA remnants in the media layer of the engineered vessels [1-LM].  
5.3.1. 58040_Lin_Figure1.tif – Video editors, staying zoomed in, please slide over to the second panel.
5.4. Sirius red staining reveals PGA remnants and a collagen component by using a polarized microscope [1-LM]. 
5.4.1. 58040_Lin_Figure1.tif – Video editors, staying zoomed in, please slide over to the third panel.  
5.5. Scanning electron micrographs of engineered vessels demonstrate a compact microstructure [1-LM].
5.5.1. 58040_Lin_Figure1.tif – Video editors, staying zoomed in, please slide over to the fourth panel.
5.6. Meanwhile this intraluminal imaging modality adopts nondestructive and easy monitoring of TEBVs, including the remodeling process and visual morphology in situ, in long-running culture [1-LM]. 
5.6.1. 58040_Lin_Figure2.tif

5.7. As shown here, the remodeling occurs earlier and the morphological changes manifest more obviously in the dynamic group through comparison of TEBV thickness [1-LM].
5.7.1. 58040_Lin_Figure3.tif
6. Conclusion (said by authors on camera)
6.1. Wentao Ma: This technique paved the way for researchers in the field of vascular tissue engineering to explore structural features and the long-term remodeling process of engineered vessels [1-MED].  
6.1.1. Wentao speaks towards the camera (looking slightly off-camera), interview style.
6.2. Wentao Ma: Clear display of polymeric remnants by polarized microscopy, combined with OCT imaging, might be useful for assessing scaffold degradation [1-MED].
6.2.1. Wentao 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.  

LAB MEDIA (LM):

58040_Lin_Figure1.tif - color imaging of tissue engineered blood vessels after four weeks culture at different magnification. 
58040_Lin_Figure2.tif - color imaging of microstructure of tissue engineered blood vessels during culture. 

58040_Lin_Figure3.tif - color imaging of tissue engineered blood vessels wall thickness change with or without pulsatile stimulation. 

SCREEN Capture Movie:

58040_Lin_SCREEN_3.8.1: Screen capture movie of the image software as talent acquires images for each individual tissue-engineered blood vessel.  Talent also enters a real-time observation of the tissue-engineered blood vessel microstructure, including surface morphology, internal structure, and composition
58040_Lin_SCREEN_3.10.1: Screen capture movie of the image analysis software as talent selects the image to be analyzed, clicks the tracking tool to automatically identify the inner side of the tissue-engineered blood vessel with the software, and manually sketches the outer side.  A diagram of thickness appears on the screen
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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