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Author Questionnaire
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? Yes (Authors: Please note that we have modified this response for the SCOPE shots (2.3.1 and 4.4.1)) 
Authors: Please film the shots labeled as SCOPE using your microscope camera and upload the files to your project page: https://review.jove.com/account/file-uploader?src=21922533 

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? No

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 10/15/2026

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

Current Protocol Length

Number of Steps: 15
Number of Shots: 36 

Interviews 
Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.
Note: The first two statements are slightly edited.
INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Jian Lin: Our research develops a three-dimensional angiogenesis model to investigate endothelial sprouting, network formation, and fibroblast-supported vascular development.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Jian Lin: Existing models poorly reproduce three-dimensional vascular development, whereas our protocol enables reproducible endothelial sprouting and network formation.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. Jian Lin: This protocol enables quantitative assessment of endothelial sprouting, vascular network formation, and three-dimensional angiogenic remodeling.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the most important consideration or challenge when performing this protocol.
1.4. Jian Lin: The main challenge is maintaining uniform cell coating and preventing bead aggregation during culture and matrix embedding.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Jian Lin: Future studies can evaluate disease-specific endothelial cells, additional stromal cells, and therapeutic responses in this three-dimensional model.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics Title Card

This research has been approved by the Medical Ethics Committee of Yunnan First People’s Hospital. 


Protocol  
2. Preparation of Human Umbilical Vein Endothelial Cells and Oral Mucosal Fibroblasts (Authors: We have divided Section 2 into two parts, creating a standalone section for the preparation of beads.)
Demonstrator: Jian Lin
Authors: Please film the shots labeled as SCOPE using your microscope camera and upload the files to your project page: https://review.jove.com/account/file-uploader?src=21922533 
2.1. To begin, use passage 4 to 6 human umbilical vein endothelial cells, or HUVECs (Hue-vex), that are free of contamination, exhibit stable growth, and are in the logarithmic growth phase for culturing [1]. Culture the cells in endothelial cell growth medium supplemented with fetal bovine serum, or FBS (F-B-S), to a final concentration of 10 percent at 37 degrees Celsius in a humidified incubator with 5 percent carbon dioxide [2]. 
2.1.1. WIDE: Talent taking out the HUVECs from the incubator.
2.1.2. Talent adding the endothelial cell growth medium supplemented with FBS.
2.2. Culture the passage 4 to 6 human oral mucosal fibroblasts, or HOMFs (H-O-M-effs), in the high-glucose basal medium supplemented with 10 percent FBS at 37 degrees Celsius in a humidified incubator with 5 percent carbon dioxide [1]. 
2.2.1. Talent placing the human oral mucosal fibroblast culture into the incubator.
2.3. Before coating the microcarrier beads, confirm that both cell types have reached an appropriate confluence, avoiding overconfluent cultures and excessive enzymatic digestion [1].
2.3.1. SCOPE: Show the appropriate confluence of both cell cultures.
3. Preparation of Microcarrier Beads 
3.1. Hydrate the acid-denatured porcine type I collagen-coated microcarrier beads in the sterile phosphate-buffered saline, or PBS (P-B-S) for at least 3 hours for complete swelling [1]. Wash the beads thoroughly with the sterile PBS and allow them to settle by gravity [2].
3.1.1. Talent adding the microcarrier beads to the sterile PBS.
3.1.2. Talent washing the beads and allowing them to settle by gravity.
3.2. Resuspend the hydrated beads in the sterile PBS to prepare a uniform bead suspension [1]. Sterilize the bead suspension according to the manufacturer's instructions and store it at 4 degrees Celsius until use [2].
3.2.1. Talent resuspending the hydrated beads in the sterile phosphate-buffered saline.
3.2.2. Talent placing the bead suspension into storage at 4 degrees Celsius.
3.3. Before endothelial cell coating, remove the storage solution and wash the beads with sterile PBS [1]. Equilibrate the beads in the endothelial cell growth medium at 37 degrees Celsius for at least 30 minutes [2].
3.3.1. Talent washing the stored beads with the sterile phosphate-buffered saline.
3.3.2. Talent placing the beads into the endothelial cell growth medium.
3.4. Gently resuspend the equilibrated beads immediately before use to prevent sedimentation and bead aggregation [1]. Examine a small aliquot of the bead suspension under an inverted microscope before cell coating [2]. Proceed only when the beads are fully hydrated, evenly suspended, and free of visible aggregates or fragmented particles [3].
3.4.1. Talent gently resuspending the equilibrated beads.
3.4.2. Talent examining the bead suspension under an inverted microscope.
3.4.3. Shot of uniformly hydrated beads without visible aggregates or fragmented particles.
4. Coating HUVECs Onto Microcarrier Beads
Authors: Please film the shots labeled as SCOPE using your microscope camera and upload the files to your project page: https://review.jove.com/account/file-uploader?src=21922533 
4.1. Detach the HUVECs using trypsin [1] and neutralize the trypsin by resuspending the cells in the endothelial cell growth medium [2].
4.1.1. Talent adding trypsin to the HUVECs and incubating the cells for 4–5 minutes at 37 degrees Celsius.
4.1.2. Talent resuspending HUVECs in endothelial cell growth media.
4.2. Coat the microcarrier beads at a density of 1,500 cells per bead by mixing 3 million HUVECs with 2,000 microcarrier beads in 1.5 milliliters of the endothelial cell growth medium [1]. Transfer the cell-bead mixture into a microcentrifuge tube [2]. Incubate the tube for 12 hours in a cell culture incubator, gently inverting it once every 20 minutes to promote uniform endothelial cell attachment [3].
4.2.1. Talent mixing the human umbilical vein endothelial cells with the microcarrier beads.
4.2.2. Talent transferring the cell-bead mixture into a microcentrifuge tube.
4.2.3. Talent placing the microcentrifuge tube into the cell culture incubator.
4.3. After the incubation, transfer the coated beads into a 25 square centimeter cell culture flask containing 4 milliliters of the endothelial cell growth medium [1]. Continue incubation overnight to allow firm endothelial cell attachment to the bead surface [2].
4.3.1. Talent transferring the coated beads into the cell culture flask.
4.3.2. Talent placing the flask into the incubator.
4.4. Before embedding, examine representative coated beads under an inverted microscope, proceeding only when more than 80 percent of them show a continuous and relatively uniform endothelial cell layer with minimal free-floating cells, no obvious cell clumps, and no severe bead aggregation [1]. Gently shake the flask to release the beads if they adhere to the bottom, avoiding vigorous pipetting to prevent bead aggregation or endothelial cell detachment [2].
4.4.1. SCOPE: Show the uniformly coated microcarrier beads.
4.4.2. Talent gently shaking the cell culture flask.
5. Embedding The Coated Beads in A 3D Matrix (Authors: We have divided Section 5 into two parts, creating a standalone section for the fibroblast overlay culture.)
5.1. Transfer the endothelial cell-coated microcarrier beads into a 15-milliliter centrifuge tube and allow the beads to settle by gravity [1]. Remove the excess medium [2] and add an appropriate volume of the fresh medium [3]. Resuspend the beads in the prechilled basement membrane matrix at a 1 to 1 ratio to obtain a final concentration of 500 beads per milliliter [4].
5.1.1. Talent transferring the coated beads into a 15-milliliter centrifuge tube.
5.1.2. Talent removing the excess medium.
5.1.3. Talent replacing the removed medium with the fresh medium.
5.1.4. Talent resuspending the coated beads in the prechilled basement membrane matrix.
5.2. Add 100 microliters of the matrix-bead suspension to the center of each well of a 24-well plate [1] to form a single dome-shaped gel droplet without contacting the wall of the well [2]. Gently mix the suspension immediately before dispensing and avoid introducing air bubbles [3].
5.2.1. Talent dispensing the matrix-bead suspension into the center of a well.
5.2.2. Shot of the single dome-shaped gel droplet.
5.2.3. Talent gently mixing the suspension before dispensing.
5.3. Leave the 24-well plate at room temperature for 5 minutes to allow initial gelation and stabilization of the gel droplet [1]. Incubate the plate upright at 37 degrees Celsius in 5 percent carbon dioxide for 15 minutes, then continue incubation in the inverted position for an additional 15 minutes to achieve complete and proper gelation [2]. After the gel has fully solidified, slowly add 1 milliliter of the endothelial cell growth medium along the wall of each well without disrupting the gel surface [3].
5.3.1. Talent placing the 24-well plate on the laboratory bench.
5.3.2. Talent placing the 24-well plate into the incubator.
5.3.3. Talent adding the endothelial cell growth medium along the wall of the well.
6. Fibroblast Overlay Culture
6.1. Seed 30,000 HOMFs onto the surface of the gel in each well [1]. Gently add the endothelial cell growth medium to ensure even distribution of the fibroblasts across the gel surface, avoiding direct pipetting onto the gel dome [2]. 
6.1.1. Talent seeding the human oral mucosal fibroblasts onto the gel surface.
6.1.2. Talent adding the endothelial cell growth medium around the gel surface.
6.2. Continue incubation at 37 degrees Celsius in a humidified incubator with 5 percent carbon dioxide with every 2-day media change, until formation of endothelial sprouting, lumen-like structures and interconnected microvascular-like networks [1]. Proceed with microscopic image acquisition and quantitative analysis of three-dimensional angiogenesis [2].
6.2.1. Talent placing the 24-well plate into the incubator.
6.2.2. Representative shot of talent acquiring microscopic images of cells. 

Results
7. Results 

7.1. Dynamic assessment of angiogenesis in the three-dimensional HUVEC (Hue-vec) model showed progressive endothelial sprouting and microvascular-like network formation on days 7 [1], 9 [2], and 11 [3]. 
7.1.1. LAB MEDIA: Figure 1A. Video Editor: Please emphasize the projections indicated by the white dotted line in the panel labeled “7 Days”.
7.1.2. LAB MEDIA: Figure 1A. Video Editor: Please emphasize the projections indicated by the white dotted line in the panel labeled “9 Days”.
7.1.3. LAB MEDIA: Figure 1A. Video Editor: Please emphasize the projections indicated by the white dotted line in the panel labeled “11 Days”.
7.2. Quantitative analysis of the angiogenic rate, defined as the relative change in vascularized area over time, using day 7 as the baseline [1], showed rates of 67 percent on day 9 [2] and 170 percent on day 11 [3].
7.2.1. LAB MEDIA: Figure 1B. Video Editor: Please emphasize the spot on X-axis label 7.
7.2.2. LAB MEDIA: Figure 1B. Video Editor: Please emphasize the space between dots 7 and 9 on the X-axis.
7.2.3. LAB MEDIA: Figure 1B. Video Editor: Please emphasize the space between dots 7 and 11 on the X-axis. 
7.3. Representative fluorescence imaging showed that endothelial sprouts emerged radially from the bead surface into the surrounding three-dimensional matrix after 7 days of culture [1]. Validation by confocal microscopy provided an overview of the gross morphology and spatial organization of the three-dimensional culture system [2].
7.3.1. LAB MEDIA: Figure 1C. Video Editor: Please emphasize the sprouting structures emerging radially from the center circle. (Authors: Figure 1C is a fluorescent microscopic image. Please revise the narration accordingly.)
7.3.2. LAB MEDIA: Figure 1D
7.4. The average number of sprouts per microcarrier bead was approximately 31 sprouts/bead, based on independent counts from three observers, confirming the model's ability to support endothelial sprouting, elongation, lumen-like morphology, and vascular remodeling within a three-dimensional environment [1]. 
7.4.1. LAB MEDIA: Figure 1E. Video Editor: Please emphasize the Y-axis value corresponding to the bar height.
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