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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES, all done

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 


4. Filming location: Will the filming need to take place in multiple locations?   No, different rooms, on the same floor, in the same building.
 


Current Protocol Length

Number of Steps:  22
Number of Shots:  44 + 6SC

Introduction

1. Introductory Interview Statements

REQUIRED: 

1.1. [bookmark: _Hlk69712965]Maria Khoury: This protocol may serve as a new platform for the study and development of drug carriers to target disease sites within the human vascular system [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 5.2.1 for “human vascular system”


1.2. Netanel Korin: The main advantage of our technique is that it allows the study of drug-carrier accumulation inside human replicated 3D arterial models. This is done under physiological conditions, including blood flow [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 4.3.1 for “3D arterial models”


OPTIONAL: 

1.3. Netanel Korin: This approach can be used to optimize drug carriers for the diagnosis and treatment of a wide range of vascular diseases, including atherosclerotic blood vessels [1].

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







Protocol
2. Design and Fabrication of a 3D Bifurcation of the Human Carotid Artery Model

2.1. Begin by selecting images from patients or previously studied geometries of the human carotid artery bifurcation [1] and using the images to create a computer-aided design model of the mold [2]. 
2.1.1. WIDE: Talent at computer, selecting images, with monitor visible in frame.
2.1.2. SCREEN: 62279_screenshot_1.mp4. 0:02 – 0:21.

2.2. Use a 3D printer to print the design [1]. Remove the temporary printing supports [2] and rinse the model with acetone [3] before using sandpaper to polish and smooth the molds, especially the areas from which the supports were cut [4]. 
2.2.1. Talent removing model from printer.
2.2.2. Talent cutting the printing supports.
2.2.3. Talent rinsing model with acetone.
2.2.4. Talent sanding model.

2.3. After sanding, rinse the model with isopropyl alcohol to remove any plastic dust [1] and allow the model to dry in a chemical hood for 2-3 hours [2]. To facilitate easy dissolution of the plastic, spray the model with transparent lacquer three times, allowing the lacquer to air-dry for 1 hour between applications [3].
2.3.1. Talent washing model with isopropyl alcohol.
2.3.2. Shot of the model placed in a chemical hood.
2.3.3. Talent spraying molds with lacquer. 

2.4. After the last application, use a paintbrush and lacquer to glue transparent rectangular strips of smooth plastic to each side of the frame, such that the model will be sealed at the bottom and open at the top [1]. 
2.4.1. Strip being glued, with sealed bottom and open top visible in frame.

2.5. After drying, place the mold in a desiccator [1] and slowly pour freshly prepared silicone rubber solution into the opening [2-TXT].
2.5.1. Talent placing mold into desiccator
2.5.2. Talent pouring solution into mold TEXT: See text for all solution and medium preparation details

2.6. Remove air bubbles until the mixture is clear [1] and leave the mold inside the desiccator overnight [2]. When the mixture is fully dry, remove the transparent slides [3-TXT] and immerse the model in absolute acetone for 48 hours in a chemical hood until the plastic is fully dissolved [4]. 
2.6.1. Talent degassing mixture/applying vacuum.
2.6.2. Talent closing desiccator or setting desiccator to RT or walking away from desiccator or similar representative shot. NOTE: Steps 2.6.1 and 2.6.2 were united
2.6.3. Talent removing the slides. TEXT: Incubate at 60 °C until dry as necessary
2.6.4. Talent immersing the model in acetone. 

2.7. To evaporate the trapped acetone before cell seeding, incubate the model for at least 4 days at 60 degrees Celsius [1].
2.7.1. Talent placing model at 60 °C. Videographer: This step is important!

3. Human Umbilical Vein Endothelial Cell (HUVEC) Seeding
3.1. To seed the model with cells, first sterilize the model and two inlet and outlet connectors by ultraviolet light irradiation [1]. After 20 minutes, using a syringe to coat the model with 4 milliliters of 100 microgram/milliliter fibronectin for 2 hours at 37 degrees Celsius [2-TXT].
3.1.1. WIDE: Talent turning on UV light over model pieces
3.1.2. Talent injecting fibronectin into model TEXT: Alternative: Incubate O/N at 4 °C 

3.2. At the end of the incubation, remove the fibronectin solution through the outlet [1] and wash the model with endothelial cell medium [2].
3.2.1. Talent removing the fibronectin.
3.2.2. Talent washing the model.

3.3. Use a syringe to fill the rinsed model with 4 milliliters of a 2.5 x 106 endothelial cells/milliliter of endothelial cell medium cell suspension [1] and secure the model to a rotator [2] inside a cell culture incubator for 48 hours at 1 revolution per minute to ensure a homogenous distribution of the cells [3-TXT]. 
3.3.1. Talent adding cell suspension to the model. Videographer: This step is important!
3.3.2. Talent placing the model on a rotator. 
3.3.3. Added shot: Talent placing rotator in incubator. TEXT: Replace medium after 24 h

3.4. At the end of the incubation, use a 10-milliliter plastic syringe to wash the model with PBS (Pronounce P-B-S) [1]. Fix the cells for 15 minutes with 4 milliliters of 4% paraformaldehyde [2].  Then wash the model four times with PBS as demonstrated [3] before storing the model at 4 degrees Celsius in 4 milliliters of fresh PBS [4].
3.4.1. Talent washing the model in biological hood. Videographer/Video Editor: shot will be used again.
3.4.2. Talent at chemical hood, adding PFA to model.
3.4.3. Added shot: Talent washing the model in biological hood.
3.4.4. Talent placing model at 4 °C.

4. Closed-Circuit Configuration: Perfusion Experiment and Imaging
4.1. Before beginning an experiment, use the outlet tubing to connect an oscillation damper connected to a peristaltic pump to the inlet of the cultured carotid model [1] and use a piece of tubing to merge the two outlets [2].
4.1.1. WIDE: Talent connecting tubing to damper and/or model
4.1.2. Talent merging outlets

4.2. Then split the outlet tubing to two outlet tubes [1] and add a plastic clamp to each tube [2].
4.2.1. Tubing being split.
4.2.2. Clamps being added.

4.3. To set up a closed-circuit configuration, add 300 milliliters of PBS to a closed-circuit container [1] and place one inlet and one outlet tube inside the PBS-filled container with the B and C clamps open, respectively [2]. 
4.3.1. Talent adding PBS to the closed-circuit container. 
4.3.2. Talent placing tubes in the container. 

4.4. Then place the other inlet tube into a 1-liter washing container filled with distilled water [1] and the other outlet tube into an empty, 1-liter waste container with the A and D clamps closed, respectively [2].
4.4.1. Talent placing inlet tube into container.
4.4.2. Talent placing outlet tube into container. NOTE: steps 4.4.1 and 4.4.2 were united

4.5. To perform a perfusion experiment, remove the PBS from the cell-seeded carotid model [1] and activate the pump [3]. NOTE: Step 4.5 was not filmed
4.5.1. Talent emptying PBS from model.
4.5.2. Talent activating the pump.  

4.6. Place the carotid model under a stereomicroscope [1] and open the tubing before the inlet and after the outlet of the model [2]. Set the pump to a starting flow rate of 10 revolutions per minute, with 5-revolution per minute-increment increases every 4-5 minutes [3-TXT]. 
4.6.1. Talent placing model under microscope. 
4.6.2. Talent opening tubing. 
4.6.3. Talent setting pump speed. TEXT: Monitor model for leaks. Videographer: This step is important!

4.7. When the flow rate reaches 100 revolutions per minute, add 1.6 micrograms of fluorescent carboxylated polystyrene particles/milliliter of PBS to the closed-circuit container [1] and image the region of interest every 10 seconds for 1.5 hours [2].
4.7.1. Talent adding particles to the PBS. 
4.7.2. SCREEN: 62279_screenshot_2.mp4. 0:01 – 0:09.

5. Open-Circuit Configuration: Model Washing, Data Acquisition, and Analysis
5.1. To set up an open-circuit configuration, open the A and D clamps [1] and immediately close the B and C clamps [2].
5.1.1. WIDE: Talent opening the clamps. 
5.1.2. Talent closing the clamps. Videographer: This step is important!

5.2. Let most of the water flow from the washing container to the waste container at 100 revolutions per minute [1]. Before the water has been completely transferred, stop the pump [2] and close the tube clamps before the inlet and after the outlet of the carotid model [3]. 
5.2.1. Shot of water flowing to waste container.
5.2.2. Talent turning off the pump.
5.2.3. Talent closing clamps.

5.3. Using the appropriate filters, capture images of the model at the region of interest to show the deposition and adhesion of the particles to the cells [1]. 
5.3.1. SCREEN: 62279_screenshot_3.mp4. 0:02 – 0:27.

5.4. Upon completion of the experiment, use a customized software code to analyze the images captured at the region of interest [1]. Enter the name of the image and set the estimated threshold [2], then run the code [3]. Inspect the resulting image and the counted number of particles in the image [4].
5.4.1. SCREEN: 62279_screenshot.mp4. 0:02-0:08.
5.4.2. SCREEN: 62279_screenshot.mp4. 0:09-0:20. 
5.4.3. SCREEN: 62279_screenshot.mp4. 0:21-0:23.
5.4.4. SCREEN: 62279_screenshot.mp4. 0:22-0:30.


Results
6. Results: Microscopic Analysis of 3D Carotid Artery Model-Seeded Endothelial Cells 
6.1. [bookmark: _Hlk66480584]In this representative analysis [1], photomicrographs of cultured endothelial cells seeded in a 3D carotid artery model can be observed by brightfield [2] and fluorescence confocal microscopic imaging [3].
6.1.1. LAB MEDIA: Figures 3C and 3D. 
6.1.2. LAB MEDIA: Figures 3C and 3D. Video Editor: please emphasize Figure 3C
6.1.3. LAB MEDIA: Figures 3C and 3D. Video Editor: please emphasize Figure 3D

6.2. Fluorescent, 10-micron-diameter glass beads seeded into the 3D model [1] exhibited a recirculation pattern, suggesting a successful mimicking of physiological conditions within the model [2].
6.2.1. LAB MEDIA: Figure 4 A.
6.2.2. LAB MEDIA: Figure 4 A. Video Editor: please emphasize light green signal within dashed rectangle

6.3. Imaging of the particle deposition [1] revealed that a higher level of adhesion of the particles to the cells was observed outside of the recirculation area, where the wall shear stress was high [2].
6.3.1. LAB MEDIA: Figures 4B and 4C.
6.3.2. LAB MEDIA: Figures 4B and 4C. Video Editor: please emphasize red signal in Figure 4C


Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Maria Khoury: Following this protocol, functionalized particles with specific binding kinetics and the co-culture of cells within different human artery models may be explored to improve the model and to study specific formulations [1]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 4.7.1 for “functionalized particles” and 3.31 for “live co-culture of cells”.

7.2. Netanel Korin: This technique provides a new platform for studying the vascular targeting of drug carriers.  We have recently used it to show how the adhesivity of particles can be tailored to target different diseased vessel regions [1]. 

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