[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60032
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18309808

Title: Three-Dimensional Angiogenesis Assay System Using Co-Culture Spheroids Formed by Endothelial Colony Forming Cells and Mesenchymal Stem Cells

Authors and Affiliations: Sajita Shah1*, Hyunsook Lee1*, Young Hwan Park1, Eunkyeong Jeon1, Hye Kyung Chung2, Eun Sang Lee2, Jae Hoon Shim2, and Kyu-Tae Kang1
*These Authors contributed equally to the work

1College of Pharmacy, Duksung Innovative Drug Center, Duksung Women’s University
2Korea Drug Development Platform using Radio-isotope, Korea Institute of Radiological & Medical Sciences

Corresponding Author:
Kyu-Tae Kang
ktkang@duksung.ac.kr 

Email addresses for Co-authors: 
shahsajita44@duksung.ac.kr   
itzhyunsook@duksung.ac.kr 
cristalpak@naver.com 
eunk0711@naver.com   
hkchung@kirams.re.kr 
eslee0731@kirams.re.kr 
jshim@kirams.re.kr 
 


Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
3.1.-3.3., 4.1., 4.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.5.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Kyu-Tae Kang: This 3D co-culture spheroid system is designed to mimic physiologic angiogenesis, will be effective for evaluating potential angiogenic modulators, and provides predictable information in advance of in vivo studies [1]. 

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

1.2. Sajita Shah: This system utilizes co-culture spheroids formed by two vascular progenitor cells and can be used to investigate cellular interactions, sprouting, and the tubular maturation of physiologic angiogenesis [1]. 

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

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

1.3. Kyu-Tae Kang: If we can use patient cells to form co-culture spheroids, we can use this system to develop personalized treatments for abnormal angiogenesis-related diseases, such as cancer [1].

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

1.4. Sajita Shah: This assay system can increase the sensitivity and efficiency of studies of angiogenesis and drug development [1].

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Duksung Women’s University and procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Duksung Women’s University.
Section - Protocol
2. Endothelial Colony Forming Cell (ECFC) and Mesenchymal Stem Cell (MSC) Suspension Preparation and Fluorescent Dye Labeling

2.1. Begin by using 0.05% trypsin-EDTA (E-D-T-A) to detach ECFCs (E-C-F-C’s) and MSCs (M-S-C’s) from 80-90% confluent cell cultures for 3 or 5 minutes in a cell culture incubator, respectively [1].

2.1.1. WIDE: Talent adding trypsin-EDTA to culture(s)

2.2. Inactivate trypsin with fresh complete DMEM (D-M-E-M) medium [1-TXT] and pipette the cells a few times to generate a single cell suspension [2].

2.2.1. Talent adding medium to cells, with medium container visible in frame TEXT: See text for all medium/solution preparation details
2.2.2. Cells being pipetted 

2.3. Collect the cells by centrifugation [1-TXT] followed by two washes with serum free medium [2].

2.3.1. Talent placing tube(s) into centrifuge TEXT: 5 min, 282 x g, RT
2.3.2. Shot of pellets if visible, then medium being added to tube(s), with medium container visible in frame

2.4. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]After the second wash, dilute the ECFCs to a 3 x 106 cells/milliliter of medium concentration [1] and the MSCs to a 2 x 106 cells/milliliter of medium concentration in individual 2-milliliter microcentrifuge tubes [2].

2.4.1. Talent adding medium to tube, with medium container visible in frame
2.4.2. Talent adding cells to 2-mL tube

2.5. Pellet the cells by centrifugation [1-TXT] and carefully aspirate all but the last 15-25 microliters of supernatant from each cell sample [2].

2.5.1. Talent placing tubes into centrifuge TEXT: 5 min, 100 x g
2.5.2. Supernatant being aspirated from one tube

2.6. Next, re-suspend each pellet in 250 microliters of Diluent C from a fluorescent dye kit [1] and gently pipette the cell suspensions to ensure a complete dispersion [2].

2.6.1. Diluent C being added to tube, with diluent C container visible in frame
2.6.2. Cells being pipetted

2.7. Add 250 microliters of freshly-prepared 20-micromolar PKH67 (P-K-H-sixty-seven) to the tube of ECFCs [1] and 250 microliters of 12-micromolar PKH26 (P-K-H-twenty-six) to the tube of MSCs [2] and immediately mix both cell suspensions [3].

2.7.1. PKH67 being added to tube, with PKH67 container visible in frame 
2.7.2. PKH26 being added to tube, with PKH26 container visible in frame
2.7.3. Cells being mixed

2.8. After 5 minutes at room temperature with shaking protected from light [1], stop the staining process with a 1-minute incubation with 0.5 milliliters of FBS per tube [2].

2.8.1. Talent setting timer, with shaking tubes visible in frame
2.8.2. Talent adding FBS to tube(s), with FBS container visible in frame

2.9. At the end of the incubation, collect the cells by centrifugation [1] and carefully remove the supernatant [2] followed two washes in 2-milliliters of fresh complete medium per wash [3]. Then, suspend the cells in respective medium in 15 mL tubes [4].

2.9.1. Talent adding tube(s) to centrifuge
2.9.2. Supernatants being removed NOTE: shot of only one pellets was filmed
2.9.3. Talent adding medium to tube(s), with medium container visible in frame
2.9.4. Added shot: Talent adding cells to medium in 15 mL tube. 

3. ECFC, MSC, or ECFC+MSC Spheroid Generation

3.1. For spheroid generation, after the second wash, first dilute the cell suspensions in the appropriate concentration of endothelial cell growth medium-MV2 (M-V-two) supplemented with 20% methylcellulose solution and 5% fetal bovine serum concentration [1-TXT].

3.1.1. WIDE: Talent adding medium to cells, with medium, FBS, and methylcellulose containers visible in frame Videographer: Important step TEXT: ECFC or MSC: 4x103 cells/100 microliters medium; ECFC + MSC: 2x103 ECFC/100 microliters medium + 4x102 MSC/100 microliters medium

3.2. Next, add each cell suspension into a sterilized polystyrene rectangular reservoir [1] and use a multichannel pipette to add approximately one hundred 25-microliter droplets of cells onto the cover of a 150-millimeter culture plate [2].

3.2.1. Talent adding suspension to reservoir, with tubes visible in frame Videographer: Important step
3.2.2. Droplets being added to lid Videographer: Important step

3.3. When all of the cells have been added, invert the cover over the bottom of a dish containing 15-milliliters of PBS [1] and place the plates in the cell culture incubator for 24 hours [2].

3.3.1. Shot of cover with droplets, then cover being placed onto dish Videographer: Important step
3.3.2. Talent placing dish(es) into incubator Videographer: Important step

4. Neutralized Collagen Gel Spheroid Embedding and Spheroid Sprouting Quantification

4.1. The next day, rinse the dish covers with 5 milliliters of PBS into one 50-milliter tube per dish [1].

4.1.1. WIDE: Talent rinsing spheroids into dish Videographer: Important step

4.2. Rinse the covers with an additional 5 milliliters of PBS to collect any remaining spheroids [1] and pellet the spheroids by centrifugation [2-TXT].

4.2.1. Cover being rinsed
4.2.2. Talent placing tube(s) into centrifuge TEXT: 5 min, 282 x g, RT

4.3. Carefully discard all but the last 100-200 microliters of supernatant [1] and gently tap on the wall of the tube so that the spheroids are freely suspend in the remaining supernatant [2].

4.3.1. Supernatant being discarded
4.3.2. Tube being tapped 

4.4. Add the appropriate volume of endothelial cell growth medium-MV2 supplemented with 5% fetal bovine serum and 40% methylcellulose solution to each tube to resuspend the spheroids at a 100 spheroids/milliliter of medium concentration [1] and use a 1-milliliter pipette tip cut to a 3-5 milliliter-diameter to gently mix the spheroid suspensions [2].

4.4.1. Talent adding medium to tubes, with medium and FBS and methylcellulose containers visible in frame
4.4.2. Suspension being pipetted	

4.5. Use a new, wide tip, 1-milliliter pipette to mix the spheroid-suspension solution with neutralized-type one collagen gel at a 1:1 ratio on ice [1] and add 900 microliters of each spheroid-suspending collagen gel solution into the wells of a pre-warmed 24-well plate [2].

4.5.1. Collagen being added to tube, with collagen container visible in frame Videographer: Important step
4.5.2. Spheroid/collagen suspension being added to well(s) Videographer: Important step

4.6. Allow the suspensions to polymerize for 30 minutes in the cell culture incubator [1] before covering the spheroids with 100 microliters of endothelial cell growth medium-MV2 supplemented with 2.5% FBS with 50 nanograms/milliliter of VEGF (V-E-G-F) to the ECFC-only spheroids [2-TXT] and medium supplemented with FBS only to the MSC and ECFC+MSC spheroid cultures [3].

4.6.1. Talent adding plate(s) to incubator
4.6.2. Medium being added to well(s), with medium and VEGF containers visible in frame TEXT: VEGF: vascular endothelial growth factor
4.6.3. Medium being added to well(s)

4.7. Then place each plate in a real-time cell recorder installed in a cell culture incubator [1] and randomly focus on 5-10 spheroids at a 10X magnification to monitor the sprouting formation of each fluorescence-labeled spheroids every hour for 24 hours [2].

4.7.1. Talent placing plate into recorder
4.7.2. LAB MEDIA: Figure 1A 

4.8. To quantify the spheroid sprouting, import the image files to ImageJ [1] and measure the number and length of sprouts expressing the appropriate fluorescent signal from 5 randomly-selected spheroids per experimental group [2].

4.8.1. Talent at computer, importing images, with monitor visible in frame
4.8.2. LAB MEDIA: Supplemental Figure 2A: JoVE Video Editor please emphasize one green sprout


Section – Results
5. Results: Representative Sprout Formation from ECFC-only, MSC-only, and ECFC+MSC Spheroids 

5.1. For ECFC+MSC spheroids, the number of sprouts [1] and cumulative sprout length are significantly higher [2] compared to those of ECFC-only spheroids at all time-points [3].

5.1.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize bottom row of images in Figure 1A and black data bars in Figure 1B
5.1.2. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize black data bars in Figure 1C
5.1.3. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize top row of images and white data bars in both graphs

5.2. MSC-only spheroids do not form sprouts [1] but demonstrate an individual migration of the MSC outside of the spheroids [2].

5.2.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize middle row of images
5.2.2. LAB MEDIA: Supplemental Video 1C

5.3. The labelling of ECFC with green-fluorescent dye [1] and MSC with red-fluorescent dye [2] before combining to generate ECFC+MSC spheroids demonstrates that ECFC-mediated sprout structures are covered with MSCs [3], suggesting that combined MSCs function as perivascular cells during sprout formation, enhancing the sprout stability and durability by the tight association between two vascular cells [4].

5.3.1. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize green signal indicated with an arrow in ECFCs image
5.3.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize red signal indicated with an arrow in MSCs image
5.3.3. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize the sprout structure indicated with an arrow in Brightfield and/or Fluorescence Merged image(s)
5.3.4. LAB MEDIA: Supplemental Video 2

5.4. ECFC+MSC-spheroids pretreated with an angiogenesis inhibitor show a decreased sprout number [1] and a cumulative sprout length in a dose-dependent manner [2] compared to control ECFC+MSC-spheroids [3].

5.4.1. LAB MEDIA: Figures 3A and 3B: JoVE Video Editor please add downward-stretching arrows at 6, 12, 18, and 24 h data bar clusters from 0.01 micrograms/mL to 5000 micrograms/mL concentrations in Figure 3A to emphasize decrease in sprout number
5.4.2. LAB MEDIA: Figures 3A and 3B: JoVE Video Editor please add downward-stretching arrows at 6, 12, 18, and 24 h data bar clusters from 0.01 micrograms/mL to 5000 micrograms/mL concentrations in Figure 3B to emphasize decrease in sprout length
5.4.3. LAB MEDIA: Figures 3A and 3B: JoVE Video Editor please emphasize control bars in Figures 3A and 3B

5.5. In parallel experiments, ECFC-only-spheroids pretreated with the inhibitor followed by stimulation with VEGF [1] also demonstrate a decreased growth factor-induced sprout number [2] and cumulative sprout length in a dose-dependent manner [3].

5.5.1. LAB MEDIA: Figures 3C and 3D
5.5.2. LAB MEDIA: Figures 3C and 3D: JoVE Video Editor please add downward-stretching arrows at 6, 12, 18, and 24 h data bar clusters from 0.01 micrograms/mL to 5000 micrograms/mL concentrations in Figures 3A to emphasize decrease in sprout number
5.5.3. LAB MEDIA: Figures 3C and 3D: JoVE Video Editor please add downward-stretching arrows at 6, 12, 18, and 24 h data bar clusters from 0.01 micrograms/mL to 5000 micrograms/mL concentrations in Figures 3B to emphasize decrease in sprout length

5.6. Of note, a higher concentration of angiogenesis inhibitor is needed to inhibit ECFC+MSCspheroids compared to ECFC-only-spheroids [1].

5.6.1. LAB MEDIA: Table 1: Video Editor please emphasize IC50 values in Table 1.
[bookmark: _GoBack]
5.7. Tumor growth is significantly inhibited in high dose angiogenesis inhibitor-treated animals compared [1] to both control-treated animals and low dose angiogenesis inhibitor-treated animals in a human xenograft tumor mouse model [2].

5.7.1. LAB MEDIA: Supplemental figure 3A: JoVE Video Editor please emphasize solid triangle data line
5.7.2. LAB MEDIA: Supplemental figure 3A: JoVE Video Editor please emphasize both open circle data line and solid square data line




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Sajita Shah: Using a wide tip, 1-milliliter pipette to gently mix the spheroids while they are in the collagen gel on ice is important for protecting the integrity of the spheroids (Step: 4.5.) [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Sajita Shah: We can modify this system to introduce other cell types, such as immune cells, and other extracellular matrices to investigate cell:matrix crosstalk during angiogenesis [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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