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A. Microscopy: Does your protocol involve video microscopy? 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

Steps 2.8 and 2.9 

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4. (the spheroid transfer). To ensure success, I use a 21-22 G needle and hold the needle as flat against the dish as possible so that the droplet can be drawn into it without the introduction of air bubbles
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E. Will the filming need to take place in multiple locations? Y, 20-30 ft apart
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 procedure is to observe the effect of specific treatments of interest on cell migration in a three-dimensional, wound-associated fibrin scaffold. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ashley C. Brown: This method can help answer key questions in the wound healing field about how alterations in the fibrin network structure influence cell migration into fibrin clots at wound sites. 
1.2. Ashley C. Brown: The main advantage of this technique is that it provides a simple and reproducible method for analyzing cell migration within fibrin clots in 3D.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Seema Nandi: Generally, individuals new to this method will struggle because transferring the spheroids can be difficult.
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)
Protocol: (read by voice talent at JoVE)
2. Cell and Spheroid Preparation
2.1. Begin by warming a vial of frozen neonatal human dermal fibroblasts in a 37 °C water bath [1-WIDE-TXT].
2.1.1. Talent placing vial of cells into water bath (TEXT: Day 1)

2.2. When the cells are just thawed [1-ECU], collect them by centrifugation [2-MED-TXT] and resuspend the pellet in fresh neonatal human dermal fibroblast medium at a 1 x 106 cells/mL concentration [3-CU-TXT].

2.2.1. Shot of thawed cells

2.2.2. Talent placing tube(s) into centrifuge (TEXT: 8 min, 200 x g, 37 °C)
2.2.3. Shot of pellet if visible, then few seconds cells being resuspended, with medium container label visible in frame (TEXT: See text for all medium/reagent preparation details)

2.3. Then seed the cells in a T-75 culture flask for a 72 hour incubation at 37 °C and 5% CO2 [1-MED].
2.3.1. Few seconds Talent adding flask to incubator

2.4. When the culture reaches 80% confluency, detach the cells with 5 mL of trypsin-EDTA [1-MED-over the shoulder-TXT].

2.4.1. Few seconds Talent adding trypin-EDTA to flask, with trypsin-EDTA container visible in frame (TEXT: Day 3)

2.5. After 5 minutes at 37 °C, neutralize the trypsin with 5 mL of warmed medium and mix 40 microliters of cells with Trypan blue at a 1:1 ratio. [1-CU] Reserve a 10 microliter aliquot of cells for counting [2-MED-TXT]. 
2.5.1. Few seconds medium being added to cells, with medium container label visible in frame 
2.5.2. Talent adding cells to hemocytometer (TEXT: Count during centrifugation)
2.6. Collect the cells by centrifugation [1-CU-TXT] and resuspend the pellet at a 1.25 x 105 cells/mL concentration [2-MED].
2.6.1. Tube(s) being added to centrifuge bucket (TEXT: 8 min, 200 x g, 37 °C)
2.6.2. Few seconds Talent resuspending cells

2.7. Next, plate the bottom of a 10 cm Petri dish with 5 mL of sterile PBS [1-MED-over the shoulder].

2.7.1. Few seconds Talent adding PBS to dish, with PBS container visible in frame

2.8. Then invert the Petri dish lid [1-MED] and add multiple 20 microliter drops of the cell suspension onto the inner surface of the lid [2-CU].
2.8.1. Talent inverting lid

2.8.2. Few seconds drops being added to lid, with tube of cells visible in frame as possible
2.9. When all of the drops have been placed [1-CU], re-invert the lid onto the dish, taking care not to dislodge the hanging drops [2-CU], and gently place the dish into a 37 °C incubator for 72 hours [3-MED].
2.9.1. Shot of all placed drops (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)

2.9.2. Lid being placed onto dish (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)

2.9.3. Talent placing dish into incubator
3. 3D Matrix Spheroid Embedding, Treatment, and Cell Migration and Proliferation Evaluation
3.1. At the end of the incubation, add 100 microliters of clot solution per spheroid per well to a 48 well plate [1-WIDE] and gently shake and tap the plate to ensure that the fibrin clot mixture coats the entire well [2-CU].

3.1.1. Few seconds Talent adding clot solution to at least one well, with clot solution container visible in frame

3.1.2. Few seconds plate being tapped/shaken, with solution coating well bottom visible in frame as possible

3.2. Place the plate in the incubator for 1 hour [1-MED].
3.2.1. Talent placing plate into incubator 
3.3. When the clot layer has polymerized, confirm the presence of spheroids in the hanging drop culture under a light microscope [1-MED-over the shoulder/LM] and transfer the 48 well plate and the hanging drop culture dish into a cell culture hood [2-MED].

3.3.1. Talent at microscope looking at spheroids OR Image of at least one spheroid in hanging drop culture
3.3.2. Talent placing plate into hood

3.4. Carefully invert the Petri dish lid to access the hanging drop cultures [1-CU] and use a 1 mL syringe equipped with a 21 gauge needle to transfer one drop into each fibrin coated well [2-ECU].
3.4.1. Lid being carefully inverted

3.4.2. Few seconds at least one drop being placed into well

3.5. “Take extra care when aspirating and plating the spheroids, as the most difficult and critical step in the process is transferring the spheroids without destroying them.” [1-MED-interview style]
3.5.1. Seema Nandi, speaking the above interview style (looking just off-camera)
3.6. Examine the plate under the microscope to confirm that the spheroids have been properly seeded into the appropriate wells [1-MED].

3.6.1. Talent placing plate onto microscope OR image of at least one spheroid in well
3.7. Gently layer 100 microliters of freshly-prepared clot solution onto each spheroid-containing drop [1-CU-TXT] and re-examine the spheroids under the microscope to confirm that they are still intact and in the center of each well [2-MED-over the shoulder].
3.7.1. Few seconds clot solution being added onto spheroid (TEXT: Clot solution must be prepared fresh before each application)
3.7.2. Talent looking at plate under microscope OR Image of at least one spheroid in well
3.8. Then return the 48 well plate to the incubator to allow the second layer of fibrin to polymerize [1-MED].
3.8.1. Talent placing plate into incubator

3.9. After one hour, treat each well with 500 microliters of the appropriate medium for the corresponding experimental spheroid group [1-MED-over the shoulder-TXT] and return the plate to the 37 °C incubator [2-CU-TXT].
3.9.1. Few seconds Talent adding medium to at least one well, with medium and agent containers visible in frame (TEXT: i.e. inhibitory medium or pro-migratory medium or control medium)

3.9.2. Plate being placed into incubator (TEXT: Change medium every 48 h)

3.10. Obtain images of the spheroids by brightfield microscopy every 24-72 hours [1-MED-TXT], using a z-stack to view successive cross-sections of the 3D cell culture [2-SCREEN].

3.10.1. Talent examining spheroids on imaging software (TEXT: Days 6-9)

3.10.1.  *To be provided by Authors: Few seconds at least one z-stack being imaged
3.11. Then, in the appropriate image analysis software, trace the cell border of each spheroid at each successive time point and use the “Measure” function to assess the percent increase in area for each spheroid [1-SCREEN-TXT].

3.11.1.  *To be provided by Authors: Few seconds cell being traced, few seconds area being measured (TEXT: i.e. cell outgrowth/well)
4. Results: Representative Effects of Pro- and Anti-Migratory Agents on In Vitro Fibroblast Migration
4.1. Following their culture in the pro- or anti-migratory agent of interest, the initial areas of the spheroids can be determined by brightfield microscopic imaging [1-LM] and used as a reference for determining the degree of subsequent cell outgrowth from the spheroid bodies at each successive time point [2-LM].

4.1.1. Authors: please upload the images from Figure 2 through the submission link together in one .ai, .tif or .psd file without the A, B or C labels but with their experimental culture conditions and time of imaging indicated (e.g. Control, Anti-Migratory, Pro-Migratory or similar and t=0 or other appropriate time label): please trace/indicate at least one white border OR no animation
4.1.2. Authors: please upload the images from Figure 3 through the submission link together in one .ai, .tif or .psd file without the A, B or C labels but with their experimental culture conditions and time of imaging indicated (e.g. Control, Anti-Migratory, Pro-Migratory or similar and t=72 h or other appropriate time label): please trace/indicate at least one white border (same border as in 4.1.1.) OR no animation
4.2. In this representative experiment, the spheroids that were exposed to a pro-migratory agent exhibited a significantly increased degree of migration away from the original spheroid body [1-LM] compared to the spheroids exposed to a migration-inhibitory [2-LM] or a control agent [3-LM].
4.2.1. Authors: please upload the graph from Figure 4 through the submission link as its own .ai, .tif or .psd file without the figure title or the asterisks: please add asterisks to green data line as in original Figure 4
4.2.2. Figure 4: please trace/indicate red data line

4.2.3. Figure 4: please trace/indicate blue data line

4.3. Conversely, the spheroids exposed to an anti-migratory agent exhibited a significantly decreased degree of migration away from the original spheroid body [1-LM] compared to the control-treated spheroids [2-LM].
4.3.1. Figure 4: please add asterisks to red data line as in original Figure 4
4.3.2. Figure 4: please trace/indicate blue data line
5. Conclusion (said by authors on camera):
5.1. Ashley C. Brown: Once mastered, this technique can be completed in 2.5 hours, excluding the cell culture time, if it is performed properly.

5.2. Seema Nandi: After watching this video, you should have a good understanding of how to culture and embed cell spheroids for three-dimensional in vitro cell migration assays.

5.3. Ashley C. Brown: Following this procedure, other methods, like histology and immunohistochemistry, can be performed to answer additional questions about how the fibrin network structure within the clot or the actin alignment in the spheroid cells corresponds to increased or decreased cell migration.
5.4. Seema Nandi: Don't forget that working with cell cultures and needles can be extremely hazardous and that precautions, such as wearing the proper protective equipment and working in a sterile culture hood, should always be taken while performing this procedure.   
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:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_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.  

4.1.1 – Fig2_initialembedding.tif – Figure 2 re-uploaded without A/B/C labels and with conditions added to image
4.1.2. – Fig3_72hrs.tif – Figure 3 re-uploaded without A/B/C labels and with conditions added to image

4.2.1 – Spheroid Growth over Time.tif – Figure 4 re-uploaded without title or asterisks
3.9.3 – zstack.mov – Screen capture video of z-stack being imaged
3.10.1 – celltrace.mov – Screen capture video of cell tracing

3.10.2 areameasurement.mov – Screen capture video of area measurements being taken (for determining cell outgrowth in each well)
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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