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A. Microscopy: Does your protocol require JoVE to film through your microscope? N

B. 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.
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.2., 2.6., 2.8., 2.17., 3.1., 3.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.6.-2.8., 2.1.6., 2.17. The most difficult step of the procedure is ensuring equal loading of matrigel and cells into the wells. If the matrigel loading is uneven, it is difficult to obtain high quality phase contrast images. If the cell densities are not even, sample comparisons are difficult. 

E. Will the filming need to take place in multiple locations? Y, different rooms same building

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experimental method is to visualize and quantitate the dynamic process of vasculogenesis over time. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Laura Haneline: This method can help answer key questions in the fields of angiogenesis and vasculogenesis about the rates of vessel formation and the differences between formed network structural patterns.
1.2. Kaela Varberg: The main advantage of this technique is that it enables the quantification of large numbers of vasculogenesis time points, providing an opportunity to assess the kinetics of the vasculogenic process. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Seth Winfree: This method can be applied to any cell population or pathologic state that impacts the processes of vasculogenesis or angiogenesis for the study of individual cell populations or co-culture systems.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the Indiana University School of Medicine.
Protocol: (read by voice talent at JoVE)
2. Microscope Preparation and Endothelial Colony Forming Cell (ECFC) Matrix Plating 
2.1. Approximately 1-2 hours before beginning the experiment, preheat a microscope stage top incubator to 37 °C [1-WIDE] and set the carbon dioxide to 5% and the humidity to 85% [2-MED].
2.1.1. Few second Talent setting incubator temperature
2.1.2. Few seconds Talent setting CO2 and/or humidity 
2.2. Fill the incubator’s humidity reservoir if it is empty [1-MED-over the shoulder], place the live-cell chamber onto the microscope, and then place an empty chambered slide into one of the two open positions within the live-cell chamber [2-CU].
2.2.1. Few seconds Talent checking reservoir to see if it needs re-filling.
2.2.1.1 Added shot: Place chamber onto microscope platform [MED].
2.2.2. Few seconds slide being placed Note to editor: Use take two
2.3. Fill the slide with distilled water [1-CU] and set a secondary blower to 39-42 °C to heat the slides from below and to minimize condensation [2-MED].

2.3.1. Few seconds slide being filled 
2.3.1.1 Added shot: Secure feedback thermometer for chamber temperature control [CU].
2.3.2. Few seconds Talent setting blower temperature

2.4. “Maintaining the proper temperature and humidity within the live cell imaging chamber is critical to the success of the experiment.” [1-MED-interview style]
2.4.1. Seth Winfree, speaking the above interview style (looking just off-camera)
2.5. Add a second slide as a blank until the experimental slide can be added [1-CU]. Then add water to the reservoir surrounding the wells on the second slide to mimic the conditions during the imaging experiment [2-ECU].
2.5.1. Few seconds blank slide being added
2.5.2. Few seconds wells being filled 
2.6. To load the experimental chamber slide with basement membrane matrix, first load a 20-microliter pipette with a cold, 20-microliter pipette tip [1-MED-over the shoulder-TXT] and use scissors to cut approximately 1 cm from the end of the tip [2-MED].

2.6.1. Few seconds Talent loading tip (TEXT: See text for all reagent/medium preparation details)
2.6.2. Few seconds Talent cutting tip

2.7. Set the pipette volume to slightly greater than 10 microliters [1-ECU-TXT] and slowly aspirate the matrix into the modified pipette tip [2-CU].

2.7.1. Shot of pipette volume/volume being set to 10 microliters (TEXT: Matrix will stick to inside of tip)

2.7.2. Few seconds matrix being aspirated

2.8. Immediately place the pipette tip into the center of one slide well, gently touching the tip to the bottom of the well [1-CU], and slowly depress the plunger to push the matrix out [2-ECU-TXT].

2.8.1. Tip being placed into slide well

2.8.2. Few seconds matrix being pushed out (TEXT: Caution: Over-pipetting will cause bubbles)
2.9. After adding matrix to all 15 wells [1-CU-TXT], push the lid all the way onto the slide [2-MED].

2.9.1. Shot of matrix in all 15 wells (TEXT: Switch tips between wells)

2.9.2. Few seconds Talent placing lid onto slide

2.10. “Accurate and consistent pipetting of the matrigel volumes into each well is critical for obtaining high-quality phase contrast images.” [1-MED-interview style] 
2.10.1.  Kaela Varberg, speaking the above interview style (looking just off-camera)

2.11. Then place the slide at 37 °C for 30-60 minutes next to a 50-mL conical tube cap filled with 2-3 mL of PBS to reduce matrix dehydration [1-CU].

2.11.1.  Slide being placed into incubator next to cap

2.12. When the matrix has solidified, remove the supernatant from an overnight-cultured endothelial colony forming cell culture [1-MED] and wash the cells with 7 mL of PBS [2-CU].
2.12.1. Few seconds Talent removing supernatant

2.12.2. Few seconds cells being washed, with PBS container label visible in frame

2.13. Detach the cells with 2-3 mL of trypsin at 37 °C for 2-5 minutes [1-MED].
2.13.1. Talent adding trypsin to cells, with waste container with PBS wash and trypsin container visible in frame
2.14. Then resuspend the dissociated cells in 3 mL of endothelial growth medium 2 to break up any cell clumps [1-CU] and transfer the resulting cell suspension into a 15-mL conical tube [2-MED-TXT].

2.14.1.  Few seconds medium being added to cells, with medium container visible in frame

2.14.2.  Few seconds cells being added to tube (TEXT: Repeat for 3 more ECFC cultures)
2.15. After all of the endothelial colony forming cell samples have been resuspended [1-CU], pellet the cells by centrifugation [2-MED-TXT] and resuspend the pellets in 1-2 mL of fresh endothelial growth medium [3-CU].

2.15.1.  Shot of 4 tubes of ECFC 

2.15.2.  Talent placing tube(s) into centrifuge (TEXT: 5 min, 500 x g, RT)

2.15.3.  Shot of pellet(s) if visible, then few seconds cells in one tube being resuspended, with medium container label visible in frame

2.16. Count the number of viable cells in each sample [1-MED] and add enough endothelial colony forming cells into a new 15-mL conical tube to allow dilution of the cells to a 1.4 x 104 cells/175 microliters of medium concentration [2-CU].

2.16.1.  Few seconds Talent at microscope (or similar) counting cells

2.16.2.  10-12 seconds medium being added to new tube(s), with original tubes of cells and new tubes and medium container labels visible in frame

2.17. Then mix each master mix with gentle pipetting [1-MED], remove the slide lid, and seed 50 microliters of each master mix per well in triplicate onto the slide [2-CU].
2.17.1.  Few seconds Talent mixing at least one master mix
2.17.2.  Shot of slide being removed and 
2.17.2.1 Added shot (split previous shot into two): Cells being seeded into at least one well (Videographer: Split action into separate shots as necessary) (Video Editor: Can slip lid removal shot as necessary)
3. Image Acquisition and Processing and Kinetic Analysis of Vasculogenesis (KAV)
3.1. To image the cells, replace the blank slide with the experimental slide [1-WIDE] and add water to the reservoir surrounding the cells on the slide [2-CU].
3.1.1. Few seconds Talent replacing slide

3.1.2. Few seconds water being added to reservoir

3.2. Cycle through each stage position [1-MED-over the shoulder] and confirm that the center of the first well is selected [2-SCREEN]. 
3.2.1. Few seconds Talent at microscope, cycling through stage positions, with monitor visible in frame Author comment: Monitor is not next to microscope. Talent sat at the computer and the microscope was not included in this shot.
3.2.2. *To be provided by Authors: Shot of center of well

3.3. Focus on the cells plated in the well and set the “z” position of the stage [1-SCREEN]. When the settings are accurate, turn out the lights to begin the imaging experiment [2-MED-TXT].
3.3.1. *To be provided by Authors: Few seconds cells being focused on, then z position being set 

3.3.2. Talent turning out lights (TEXT: Repeat for each well)

3.4. When the imaging is complete, scale and export image stack files within the image capture software, saving the images as .tiff files for analysis [1-SCREEN].
3.4.1. *To be provided by Authors: Few seconds image stacks being scaled
3.4.1.1 Added shot: of images being exported and saved 
3.5. To analyze the images, drag the kinetic analysis of vasculogenesis file from its folder into the grey bar at the bottom of the software window to open the software and click “Save” to add the software to the list [1-SCREEN].
3.5.1. *To be provided by Authors: KAV file being dragged from folder into grey bar, then Save being clicked

3.6. Click “File” and “Open” to select the image file to open, or drag the image file to the grey bar within the software. Click “Image”, “Adjust” and “Brightness/Contrast to open the Brightness/Contrast window. Click “Reset” within the Brightness/Contrast window to visualize the iage. Then click “Image”, “Type” and “8 bit” to convert the images to 8 bit [1-SCREEN].
3.6.1. *To be provided by Authors: File and Open being clicked. Drag the image file to the gray bar to open.  Click Image, Adjust, Brightness/Contrast to open the Brightness/Contrast window. Click “Reset” within the B/C window to visualize the image. Then Image, Type, 8 bit and Analyze being clicked
3.7. Select “Tools” and “Region of Interest Manager” and use an appropriately-shaped selection tool to create a new region of interest [1-SCREEN].

3.7.1. *To be provided by Authors: Tools and ROI Manager being clicked, then few seconds ROI being selected

3.8. Click “Add” to add the region of interest shape to the Region of Interest Manager window and click on the region of interest label in the Region of Interest Manager to view the region on the image [1-SCREEN].
3.8.1. *To be provided by Authors: Add being clicked, then ROI label being clicked
3.9. Adjust the region of interest as necessary. When the region is in place, click “Image” then “Crop” to crop the image. Then, open the “Edit” menu and select “Clear Outside” to delete the image data outside of the region of interest for every image in the stack [1-SCREEN].
3.9.1. *To be provided by Authors: Few seconds ROI being adjusted, then image being cropped, followed by edit being opened and Clear Outside being selected 
3.10. Next, open the “Plug-ins” menu and select the “Analyze Network” plug-in [1-SCREEN].
3.10.1.  *To be provided by Authors: Plugins being opened then Analyze Network being selected Author comment: In this screenshot we had to click “Cancel” at the end of the video to stop the screen capture. This was an artifact of the screen capture process and should not be included in the final video. Normally you would click “OK” to initiate the analysis as is shown in the next video 3.11.1.
3.11. Use the dropdown arrow in the pop-up window to change the thresholding method and click “OK” to intiate the software processing [1-SCREEN].
3.11.1.  *To be provided by Authors: Thresholding method being changed, then OK being clicked
3.12. At the end of the analysis, a data table and a stack of fused images depicting skeleton and mask renditions will open [1-SCREEN].
3.12.1.  *To be provided by Authors: Table and stack appearing Author comment: Shot 3.12.1 was combined with the previous screenshot video (3.11.1).
3.13. Click “File” and “Save As” to transfer the numerical values into a spreadsheet and save the spreadsheet containing the raw data values [1-SCREEN].
3.13.1.  *To be provided by Authors: File and Save As being clicked, then spreadsheet being saved
3.14. Click on the fused skeleton and mask image and save the fused skeleton-mask image stack and the cropped phase contrast image stack as .tiff files [1-SCREEN].
3.14.1.  *To be provided by Authors: Images being clicked, the skeleton-mask image stack being saved, then cropped phase contrast image stack being saved Author comment: Shot 3.14.1 was combined with the previous screenshot video (3.13.1).
3.15. Then click on the Region of Interest Manager window, select the region of interest used to crop the images, and click “More” and “Save to save the region of interest for future use [1-SCREEN].
3.15.1. *To be provided by Authors: ROI Manager window being clicked, ROI being selected, then More and Save being clicked 
4. Results: Representative Kinetic Analysis of Vasculogenesis
4.1. Endothelial colony forming cell networks identified by kinetic analysis of vasculogenesis are represented [1-LM] pictorially as skeleton and mask renditions to illustrate the structures used by the software for quantification [2-LM].

4.1.1. Figure 2A.psd: please indicate middle image

4.1.2. Figure 2A.psd: please indicate right image

4.2. When the quality of the phase contrast images is high and sufficient contrast is achieved, kinetic analysis of vasculogenesis will accurately identify endothelial colony forming cell networks, as indicated by the similarities observed between the phase contrast image and the kinetic analysis of vasculogenesis-generated skeleton and mask renditions [1-LM].

4.2.1. Video1.avi: no animation OR please indicate left column with “phase contrast image” and middle and right columns with “kinetic analysis of vasculogenesis-generated skeleton and mask renditions”

4.3. If phase contrast images do not have high contrast or if imaging artifacts such as gridding occur [1-LM], the network detection accuracy is reduced and the outcomes become ambiguous [2-LM].

4.3.1. Figure 2B.psd: please add/indicate left image

4.3.2. Figure 2B.psd: please add arrows and/or add/indicate right and middle images columns 

4.4. Using kinetic analysis of vasculogenesis to determine if gestational diabetes mellitus-exposed endothelial colony forming cells display altered kinetics of network formation [1-LM] reveals heterogeneously-altered network structure formation in gestational diabetes mellitus cultures [2-LM] compared to endothelial colony forming cell cultures from an uncomplicated pregnancy [3-LM].

4.4.1. Figure 3.tif: no animation
4.4.2. Figure 3.tif: please indicate GDM1-3 rows of images
4.4.3. Figure 3.tif: please indicate UC row of images

4.5. Indeed, uncomplicated pregnancy samples typically form a greater number of closed networks [1-LM] compared to gestational diabetes mellitus samples [2-LM]. 
4.5.1. Figure 4.tif: please show only closed networks graph and indicate black dotted data line
4.5.2. Figure 4.tif: please show only closed networks graph and indicate green square, blue triangle and red diamond data lines

4.6. All of the endothelial colony forming cell samples, however, display a bi-phasic pattern of network formation overall [1-LM], although the rates of formation and the maximal number of networks achieved varies across the samples [2-LM].

4.6.1. Figure 4.tif: please show only closed networks graph and add a bell-shaped curve with a short front tail and a long back tail that follows the general shape of all of the network covers as solid line over the other data lines
4.6.2. Figure 4.tif: no animation OR individually trace/inidcate each data line

5. Conclusion (said by authors on camera):
5.1. Kaela Varberg: Following this procedure, the data values generated by kinetic analysis of vasculogenesis can be graphed and analyzed to determine if the network structures formed by the different samples are statistically different, and if so, at which time points. 
5.2. Seth Winfree: Kinetic analysis of vasculogenesis enables the efficient processing of time-lapse experiments involving a large number of images. Once mastered, the image acquisition, post-processing, and analysis can be completed in two days if all of the systems are performed properly.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

4.1_Figure2A.psd- skeleton and mask renditions generated by KAV 

4.2_Video1.avi- phase contrast/skeleton/mask renditions of ECFC network structure over time
4.3_Figure2B.psd- adjusting image processing to improve KAV analysis 

4.4_Figure3.tif- phase contrast images of ECFC network formation at three time points

4.6_Figure4.tif- kinetic graphs quantifying 5 parameters of network structure over time

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
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