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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) No, just an image of a CAD file
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.5, 3.2, 3.3, 3.4, 4.7, 4.8, 4.10
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 3.2, 3.3, 3.4
E.  Filming: Will filming need to take place in multiple locations? (Y/N) Not certain (depends on availability of the 3D printing facility)
[bookmark: Introduction]If yes, how far apart are the locations? 10 min walk or 5 min drive
*If the facility is not available, shots 2.1.3 and 2.2.1 will be replaced by videos provided by the authors (recorded by WPI videographer).

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to create custom cell-seeding molds that are used to make self-assembled tissue rings of various dimensions. (Intro)
B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Hannah Strobel: This method allows us to create 3-dimensional tissue rings from human cells that can be used to measure tissue structure, strength, and function.
1.2. Hannah Strobel: The primary advantage of this technique is that it is a simple method for fabricating molds for self-assembled tissues in custom sizes and dimensions.
Authors: One statement has been moved to the conclusion section to accommodate restrictions on the number of statements given by any one speaker in the introduction. 
[bookmark: IntroStatements]
[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. 3D-Printing the Mold and Casting the Polydimethylsiloxane (PDMS) Negative
2.1. To begin the procedure, use computer-aided design software [1-WIDE] to create a drawing of a mold in the desired dimensions. [2-MED-Over shoulder-TXT] Send the CAD (cad /kæd/) file to a high-resolution 3D printer. [3-MED-Over shoulder*]
2.1.1. Talent sits at the CAD drawing computer.
2.1.2. Talent manipulates a CAD drawing of the mold on a computer. (TEXT: Demonstration mold: 60 mm total diameter, 2 mm well post diameter.)
2.1.3. Talent selects the CAD drawing file at the 3D printer interface/control computer.
*Note: Depending on availability of the 3D printing facility, the 2.1.3 visuals may instead be provided by the authors as a video file.
2.2. Print the mold in a plastic with a glossy finish that is stable at 50 °C. [1-MED-Over shoulder*] Thoroughly wash the printed mold with a brush, detergent, and water. [2-MED] Rinse the mold with distilled water and let it air-dry in a rack. [3-MED]
2.2.1. At the 3D printer interface/control computer, talent selects the plastic type that would be used to print the mold.
*Note: Depending on availability of the 3D printing facility, the 2.2.1 visuals may instead be provided by the authors as a video file.
2.2.2. Talent washes a 3D-printed mold with a brush, detergent, and tap water.
2.2.3. Talent rinses the mold with distilled water and places it in a rack to dry.
2.3. Hannah Strobel: It is important to use a 3D printing plastic that is stable at the PDMS curing temperature. Residues that transfer onto the PDMS during heating may affect ring formation. [1-MED]
2.3.1. Talent speaks toward the camera, interview style.
2.4. Next, measure 25 g of PDMS (P-D-M-S) base in a disposable weigh boat. [1-MED-Over shoulder] Add curing agent in a 1:10 ratio by weight and stir vigorously until the base and curing agent are thoroughly mixed. [2-MED-TXT]
2.4.1. Talent measuring PDMS base into a weigh boat.
2.4.2. Talent adds the curing agent and vigorously stirs the mixture. (TEXT: Material quantities vary with mold size.)
2.5. Then, fix laboratory tape around the sides of the mold to form a wall about 1 cm high [1-CU] around the face with the printed wells. Ensure that there are no gaps in the tape wall. [2-CU]
2.5.1. Talent wraps laboratory tape around the border of the 3D-printed mold.
2.5.2. The 3D-printed mold with the tape in place from above, so that it is apparent that the tape wall forms a raised enclosure above the printed wells.
2.6. Pour the PDMS mixture into the 3D-printed mold. [1-MED] Degas (dee-gas) the PDMS in a vacuum chamber for 30 to 60 minutes, or until no bubbles remain. [2-MED]
2.6.1. Talent pours the PDMS into the mold with the tape enclosure.
2.6.2. Talent places the PDMS-filled mold in a vacuum chamber and closes the chamber.
2.7. Cure the PDMS at 50 °C for 2 to 4 hours, or until the PDMS is sufficiently solid to be removed from the mold. [1-MED-Over shoulder-TXT] Then, remove the tape and carefully separate the PDMS negative from the mold. [2-CU]
2.7.1. Talent removes a mold with an already-cured PDMS negative from an oven. (TEXT: The PDMS may still be tacky.)
2.7.2. Talent removes the lab tape from the border of the mold and separates the negative from the mold.
2.8. Incubate the PDMS negative in an oven at 60 °C for 1 hour to ensure that it is fully cured. [1-MED] Then, thoroughly wash the negative with detergent and water. Rinse the mold with distilled water and let it air-dry. [2-MED]
2.8.1. Talent places the PDMS negative in an oven and closes the oven.
2.8.2. Talent rinses a soapy negative with distilled water.
3. Agarose Mold Fabrication
3.1. Prior to fabricating the agarose mold (ah-gah-rohs /ˈɑ gəˌroʊs/), autoclave (aw-toh-klayve /ˈɔ: toʊˌkleɪv/) the PDMS negative, a pair of blunt forceps, and any other desired tools. [1-MED] To begin fabrication, prepare and autoclave at least 50 mL of 2% agarose in DMEM (dee-mem). [2-MED-TXT]
3.1.1. The sterilized PDMS negative, blunt forceps, and any other lab implements in a laminar flow hood (or in another sterile storage area/container as appropriate).
3.1.2. Talent places a container of 2% agarose in an autoclave bin. (TEXT: Fabricate the agarose wells 1 day before cell seeding.)
*Note: If a ‘dummy’ batch of agarose (or a lookalike solution) is not used in 3.1.2, it may be more convenient to film 3.1.2 before 3.1.1.
3.2. Pipette 4 mL of molten agarose into the autoclaved PDMS negative, being careful not to overfill the mold. [1-CU]
3.2.1. Talent pipettes molten agarose into the negative.
3.3. [bookmark: _GoBack]Then, pipette molten agarose into the cavities for the agarose well posts. Use the pipette tip to remove all air bubbles from the post cavities [1-ECU] The final agarose surface must be flat. [2-CU]
3.3.1. Talent pipettes agarose into the posts of the negative and uses the pipette tip to remove air bubbles.
3.3.2. The agarose-filled negative from the side at a slight angle to show that the agarose surface is flat.
3.4. Allow the agarose to cool for about 10 minutes. [1-MED-TXT] Then, use blunt forceps to carefully separate the cooled agarose mold from the PDMS negative. [2-CU] Place the mold face-up in one well of a 6-well plate. [3-CU]
3.4.1. Talent checks on the cooling agarose. (TEXT: Agarose quantity and cooling time will vary with mold size.)
3.4.2. Talent separates the mold from the negative with blunt forceps.
3.4.3. Talent places the mold face-up in a well of a 6-well plate.
3.5. Add the appropriate complete culture medium to the plate well [1-MED-Over shoulder] so that the agarose wells are completely submerged. [2-CU] Equilibrate the agarose wells at 37 °C overnight before use. [3-MED]
3.5.1. Talent adds culture medium to the plate well to completely submerge the agarose wells.
3.5.2. The agarose mold and culture medium in the plate well.
3.5.3. Talent places the 6-well plate in an incubator and closes the incubator.
4. Seeding Tissue Rings with Rat Aortic Smooth Muscle Cells (RaSMCs)
4.1. First, in a 15-cm culture dish, culture rat aortic (ey-or-tik /eɪˈɔr tɪk/) smooth muscle cells at 37 °C in a 5% CO2 (carbon dioxide) atmosphere until 70% confluence (con-floo-ens /ˈkɒn flu: əns/) is achieved. [1-WIDE-TXT]
4.1.1. Talent goes to the incubator, opens it, and removes the cell culture dish from the incubator. (TEXT: RaSMC culture medium: DMEM, 10% fetal bovine serum, 1% L-glutamine, 1% non-essential amino acids, 1% sodium pyruvate, 1% penicillin-streptomycin)
4.2. Once the desired agarose mold has been prepared and equilibrated overnight, rinse the culture dish twice with 5 mL of phosphate-buffered saline. [1-MED-Over shoulder] Then, add 3 mL of 0.25% trypsin (trip-sin /ˈtrɪp sɪn/) to the dish. [2-MED]
4.2.1. Talent rinses the culture dish with 5 mL of PBS.
4.2.2. Talent adds trypsin to the culture dish.
4.3. Incubate at 37 °C for 2 to 3 minutes, or until the cells have lifted from the dish. [1-MED] Neutralize the trypsin with 3 mL of the complete culture medium. [2-MED]
4.3.1. Talent opens the incubator and removes the culture dish.
4.3.2. Talent adds 3 mL complete culture medium to the dish.
4.4. [bookmark: _Hlk485647675]Transfer the cells to a conical tube [1-MED] and gently pipette the cells until thoroughly resuspended (ree-suspended). [2-CU] Dilute an aliquot (al-ih-kwaht /ˈæl ɪˌkwɒt/) of the cell suspension with an equal volume of trypan (trih-pan /trɪˈpæn/) blue dye and count the cells with a hemocytometer (hee-moh-sigh-tom-ih-tur /ˌhi: moʊ saɪˈtɒm ɪ tər/). [3-MED-Over shoulder]
4.4.1. Talent transfers the cells to a conical tube.
4.4.2. Talent pipettes the cells to resuspend them in the complete culture medium.
4.4.3. Talent loads the suspension and dye mixture into a hemocytometer.
4.5. Then, centrifuge the suspension at 200 x g for 5 minutes. Remove the supernatant [1-CU] and resuspend the cells in complete culture medium to achieve a concentration of 10 million cells per mL. [2-MED-TXT]
4.5.1. Talent removes the supernatant from the centrifuged mixture.
4.5.2. Talent adds complete culture medium to the pellet and pipettes the mixture to resuspend the cells. (TEXT: Required cell concentration may vary for other cell lines.)
4.6. Hannah Strobel: The most important steps to ensure consistent ring formation are optimizing the cell number and culture medium for the cell line you are using. [1-MED]
4.6.1. Talent speaks toward the camera, interview style.
4.7. Next, obtain the equilibrated agarose wells. [1-MED] Carefully aspirate all medium from both around the outside of the agarose and within the agarose wells, being careful not to puncture the bottoms of the wells. [2-CU]
4.7.1. Talent places the 6-well plate with the agarose mold on the workspace.
4.7.2. Talent gently aspirates the culture medium from around the agarose and from inside the agarose wells.
4.8. Pipette 50 µL of the cell suspension into each well. [1-CU] Add 2 mL of fresh medium around the outside of the agarose wells without letting the medium spill into the wells. [2-CU] Incubate the plate overnight at 37 °C in a 5% CO2 atmosphere. [3-MED-Over shoulder]
4.8.1. With cell suspension already in at least one of the agarose wells, talent pipettes cell suspension into an empty agarose well.
4.8.2. Talent pipettes culture medium around the outside of the agarose wells.
4.8.3. Talent places the 6-well plate in the incubator.
4.9. Then, aspirate the medium from outside the agarose. [1-CU] Add 4.5 mL of fresh medium to the plate well so that the agarose wells are filled [2-MED-Over shoulder] and the entire agarose mold is completely submerged. [3-CU]
4.9.1. Talent aspirates the medium from outside an agarose mold that has already been incubated overnight with cell culture in its wells.
4.9.2. Talent adds fresh medium to the well.
4.9.3. The agarose mold completely submerged in culture medium in the plate well.
4.10. Continue incubating the plate until the tissue rings are sufficiently developed, replacing the medium each day. [1-MED] Then, gently slide each tissue ring from its post using forceps. [2-CU]
4.10.1. Talent takes a 6-well plate containing an agarose mold with well-developed tissue rings from the incubator and examines the rings in the agarose mold.
4.10.2. Talent uses forceps to slide a tissue ring off of the post in the agarose well.
4.11. Immediately either fix the rings for histology (hih-stall-uh-jee /hɪˈstɒl ə ʤi:/) or use the rings for functional or mechanical assessments. [1-MED]
4.11.1. Talent extracts a tissue ring from the agarose mold and places it in fixative.
5. Results: Self-Assembled Tissue Rings
5.1. 3D-printing allowed more flexible mold design than machining polycarbonate (paul-ee-car-buh-nate /ˌpɒl i:ˈkɑr bəˌneɪt/). The post diameters were easily varied, [1-LM] as shown by rat smooth muscle cell rings fabricated around posts with diameters of 2, 4, and 12 mm. [2-LM]
5.1.1. Top two rows of Figure 4 (56618_Rolle_Figure 4 top.tiff): During “The post…easily varied”, highlight the narrowest cylinder(s) in each of the top three images (see yellow highlighting in 56618_Rolle_Figure 4 511 example for VE.png).
5.1.2. Bottom two rows of Figure 4 (56618_Rolle_Figure 4 bottom.tiff)
5.2. Tissue rings have also been prepared from SMCs (S-M-sees) derived from induced pluripotent (plooer-ih-poht’nt /ˌplʊər əˈpoʊt nt/) stem cells, primary human SMCs, and human mesenchymal (mes-eng-kuh-mul /ˌmɛsˈɛŋ kə məl/) stem cells. The rings were used as in vitro (in vee-troh /ɪn ˈvi: troʊ/) tissue models for assessments of tissue function and mechanical strength. [1-LM]
5.2.1. Table 1 (Table 1.xlsx): During “from SMCs…mesenchymal stem cells”, highlight the bottom three rows of the table. During “assessments…strength”, emphasize the right column of those three rows.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Hannah Strobel: Although this method was originally designed to fabricate and test model vascular tissues, it can also be used to create segments of other tissue types, including cartilage, skeletal muscle, and cardiac muscle.
6.2. Marsha Rolle: This method provides a simple way for researchers to create custom molds for fabricating 3-dimensional tissue rings with different dimensions. These rings can be used to assess the structure, mechanical properties, and function of tissues made from different cell types.

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .pptx or .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17268538

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· 5.1.1 - 56618_Rolle_Figure 4 top.tif
· 5.1.2 - 56618_Rolle_Figure 4 bottom.tif


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please contact your script editor if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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