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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 3.2., 3.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Steps 3.1.-3.3. are difficult because the user will be working with a viscous, multi-component solution. It is very easy to introduce air bubbles into the hydrogel, which will affect imaging at later time points. 
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Cody O. Crosby: Our protocol enables unique insights into the molecular and bulk tissue-level mechanisms of vasculogenesis that may aid in the engineering of functional vasculature for cardiovascular disease therapy and modeling [1].

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

1.2. Cody O. Crosby: This protocol allows the creation of robust, three-dimensional vascular networks for evaluating the vasculogenic potential of a platform and a free, open-source, computational method for quantifying the final network topology [1].

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





Section - Protocol
2. Fluorescence-Activated Cell Sorting (FACS) of Endothelial Progenitors
2.1. Begin adding 250 microliters of cell detachment solution per well of the D5-D6 (D-five-D-six) differentiated cell culture for 10 minutes at 37 degrees Celsius [1-TXT].
2.1.1. CU & WIDE: Talent adding detachment solution to well(s), with solution container visible in frame TEXT: See text for all reagent/medium preparation details

2.2. At the end of the incubation, use a P1000 (P-one thousand) pipette tip to dissociate the cells into single cell suspensions [1-TXT] before pooling the cell solutions in a single 15-milliliter conical tube for centrifugation [2-TXT]. 

2.2.1. CU & MED: Talent pipetting one well up and down TEXT: See text for iPSC preparation/differentiation details
2.2.2. MED: Talent adding cells to tube TEXT: 5 min, 300 x g, RT
2.2.3. [Added Shot] CU: Cell dissociation and clump removal to avoid introducing clogs in the cell sorter microfluidics

2.3. [bookmark: _Hlk532829906]Resuspend the pellet in 200 microliters of ice-cold sorting buffer [1] and label the cells with 5 microliters of concentrated, fluorescence-conjugated CD34 (C-D-thirty-four) antibody for 10 minutes at 4 degrees Celsius [2].

2.3.1. CU: Shot of pellet, then buffer being added to cells, with buffer container label visible in frame
2.3.2. CU & MED: Talent adding antibody to tube, with stock antibody container visible in frame
2.3.3. [Added Shot] WIDE: Talent moving 15 mL centrifuge tube to refrigerator

2.4. At the end of the incubation, wash the cells in 5 milliliters of ice-cold sorting buffer [1] and filter this suspension through a 40-micrometer pore strainer into a 5-milliliter fluorescence activated cell sorting, or FACS (facks), tube [2].

2.4.1. MED & CU: Talent adding buffer to tube and cells then being filtered into tube
[bookmark: _Hlk532921067]Author comment: 2.4.1 and 2.4.2 were combined into a single step.

2.5. [bookmark: _Hlk534138472]Before running the sample, sort 1x104 unlabeled cells on the flow cytometer [1], gating a region at a high fluorescence intensity that does not contain any of the unlabeled cells to serve as the negative control [2].

2.5.1. MED: Talent loading cells onto cytometer. Author comment: This shot was continuous. We also acquired
2.5.2. SCREEN: To be provided by Authors: Unlabeled cells being gated. Author comment: This has been provided on the JoVE upload site. It is labeled “GatingUnsortedCells.mp4”.

2.6. Then sort the labeled sample containing endothelial progenitors derived from induced pluripotent stem cells based on their high CD34 expression [1]. 

2.6.1. SCREEN: To be provided by Authors: CD34+ cells being gated. Author comment: This has been provided on the JoVE upload site. It is labeled “GatingSortedCellsandFACS.mp4”.

2.7. At the end of the sort, transfer the endothelial progenitor cells to a microcentrifuge tube for centrifugation [1].

2.7.1. MED: Talent adds microcentrifuge tube to centrifuge and spins down, with a microcentrifuge tube as a counterbalance, at 300G for 5 minutes

3. Induced Pluripotent Stem Cell-Endothelial Progenitor (iPSC-EP)-Laden Collagen Hydrogel Encapsulation and Long-Term Culture 

3.1. For collagen hydrogel encapsulation of the progenitor cells, resuspend the sorted cell pellet in 200 microliters of endothelial growth medium-two supplemented with 10 micromolar of the ROCK (rock) inhibitor Y-27632 [1] and add the cells to 400 microliters of seeding medium in a 1.8-milliliter microcentrifuge on ice [2].

3.1.1. WIDE: Talent adding EGM-2 medium to cells, with EGM-2 and Y-27632 containers visible in frame
3.1.2. MED: Talent adding cells to microcentrifuge tube on ice
3.1.3. [Added Shot] CU: Talent adds 40 microliters of M199 10X (bright yellow solution) to cell suspension. 

Author comment: Due to the original omission of 3.1.3, we needed to re-shoot 3.23.3. This has been thoroughly documented; I’m adding this comment as a safeguard.

3.2. Mix 350 microliters of collagen into the cell suspension [1]. The solution will become pale yellow [2].

3.2.1. CU & MED: Talent mixing collagen into cell suspension, with collagen container visible in frame
3.2.2. CU: Shot of pale yellow solution

3.3. Next, mix 10 microliters of 1 molar sodium hydroxide into the collagen and cell solution [1-TXT]. The solution will become bright pink [2].

3.3.1. CU: NaOH being added to cells, with NaOH container visible in frame TEXT: Caution: Avoid bubbles
3.3.2. CU: Shot of bright pink solution 

3.4. Pipette 56 microliters of this neutralized collagen-cell solution into individual wells of a 96-well, ultra-low attachment, U-bottom cell culture plate for a 30-minute incubation at 37 degrees Celsius [1].

3.4.1. CU & MED: Talent adding solution to well(s)

3.5. At the end of the incubation, examine the wells under a brightfield microscope [1] to check that the cells have been evenly distributed [2]. 

3.5.1. MED: Talent at microscope, checking well(s) 
3.5.2. LAB MEDIA: To be provided by Authors: Shot of evenly distributed cells. Author comment: This has been provided on the JoVE upload site. It is labeled “Brightfield_EncapsulatedCells.mp4”.

3.6. Then add 100 microliters of freshly-prepared endothelial growth medium-two supplemented with ROCK inhibitor and vascular endothelial growth factor to each well [1] and return the plate to the 37-degree incubator [2-TXT].

3.6.1. CU: Medium being added to well(s), with cured collagen in well(s) visible in frame as possible
3.6.2. MED: Talent placing plate into incubator TEXT: Replace medium daily/growth factors as experimentally appropriate

4. EP-Based Vascular Network Visualization

4.1. [bookmark: _Hlk532830536]After one week of culture, add 250 microliters of 4% paraformaldehyde to one well of a 48-well plate per hydrogel [1] and remove the medium from the hydrogels [2].

4.1.1. WIDE: Talent adding PFA to well(s)
4.1.2. CU: Medium being removed from well(s)

4.2. Then use fine-tipped tweezers to transfer the hydrogels to paraformaldehyde-containing wells [1].

4.2.1. MED: Talent transferring hydrogel to PFA well

4.3. After 10 minutes at room temperature, rapidly wash the hydrogels with PBS [1] and permeabilize the 3D-cultures with 250 microliters of a 0.5% nonionic surfactant for 5 minutes at room temperature [2]. 

4.3.1. CU: Hydrogel(s) being washed, with PBS container visible in frame
4.3.2. CU: Surfactant being added to hydrogel(s), with surfactant container visible in frame

4.4. Wash the hydrogels with two 5-minute washes at room temperature with 250 microliters of PBS supplemented with 300 millimolar glycine and per wash [1] followed by the immersion of each hydrogel in 250 microliters of blocking buffer for 30 minutes at room temperature [2].

4.4.1. MED: Talent washing hydrogel(s), with PBS + glycine, with PBS + glycine container visible in frame
4.4.2. CU: Hydrogel(s) being immersed in blocking buffer

4.5. [bookmark: _Hlk532893364][bookmark: _Hlk532921184]Label the cells with the appropriate primary antibodies diluted in blocking buffer overnight at 4 degrees Celsius [1] followed by two washes in 0.5% emulsifying reagent in Dulbecco’s PBS [2].

4.5.1. MED: Talent adding antibod(ies) to well, with antibody container(s) visible in frame
4.5.2. MED: Talent washing well(s) with DPBS + emulsifying reagent, with DPBS + emulsifying reagent container visible in frame

4.6. After the second wash, label the cells with the appropriate species-specific secondary antibody for 2 hours at room temperature protected from light [1] before washing the 3D cultures two times in 0.5% emulsifying reagent in Dulbecco’s PBS as demonstrated [2].

4.6.1. CU: Antibod(ies) being added to hydrogels, with antibody container label(s) visible in frame   Author comment: From here on out, we significantly dimmed the lights in the room to simulate “darkness”
4.6.2. MED: Talent washing well(s) with DPBS + emulsifying reagent, with DPBS + emulsifying reagent container visible in frame

4.7. To visualize the cell nuclei, add DAPI (DAP-ee) diluted at a 1:10,000 concentration in PBS to the samples for a 2-minute incubation at room temperature [1] followed by two washes in 0.5% emulsifying reagent in Dulbecco’s PBS [2].

4.7.1. MED: Talent adding DAPI to well(s), with stock DAPI container visible in frame
4.7.2. MED: Talent washing well(s) with DPBS + emulsifying reagent, with DPBS + emulsifying reagent container visible in frame

4.8. [bookmark: _Hlk532893576]Then use fine-tipped tweezers to transfer each sample to an appropriate viewing vessel [1-TXT] and acquire z-stacks of each sample that extend from the bottom to the top of the sample on a confocal microscope, taking care that the detector is not saturated and that the lowest magnification available is in use [2].

4.8.1. [bookmark: _GoBack]CU: Hydrogel being transferring into vessel TEXT: Caution: Do not trap bubbles under hydrogels  Author comment: This shot is extended to show how to handle an air bubble appropriately.
4.8.2. Author comment: we discussed with Bridget Colvin, it was not possible for us to get this shot as this equipment belongs to another laboratory and was in use at the time.


Section – Results
5. Results: Representative iPSC-EP Vascular Network Generation and Analysis

5.1. After differentiation, sorting [1], and encapsulation in collagen hydrogels, the cells will typically remain rounded for 24 hours [2] before beginning to migrate and form initial lumens [3].

5.1.1. LAB MEDIA: Figures 1C and 1D
5.1.2. LAB MEDIA: Figure 2C: JoVE Video Editor: please emphasize 24 hours image 
5.1.3. LAB MEDIA: Figure 2C: JoVE Video Editor: please emphasize 96 hours image 

5.2. After about 6 days of culture, a primitive capillary plexus will be visible in the hydrogel when viewed with brightfield microscopy [1].

5.2.1. LAB MEDIA: Figure 2C: JoVE Video Editor: please emphasize 144 hours image

5.3. After imaging the fixed, stained cell-laden hydrogels on a confocal microscope, the pre-processed images are converted to a skeleton, which enables an analysis of the overall length and connectivity of the network [1].

5.3.1. LAB MEDIA: Movie S.1.avi


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Cody Crosby: It is critical to both add antibiotics after FACS, as sterilizing the interior of these instruments is challenging, and to remove the antibiotics after the first 24 hours of 3D culture (Step: 3.6.) [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Cody Crosby: Using this technique, we were able to determine which physical and chemical characteristics of extracellular matrix-mimicking biomaterials govern the vasculogenic potential of iPSC-endothelial progenitors [1].  
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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