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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 from the protocol section below will viewers benefit most from having filmed? 
2.2., 2.4., 3.2., 3.4.-3.6.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.5. and 3.6. do these steps very carefully and gently
E. Will the filming need to take place in multiple locations? Y, different rooms same floor and different building 50 m far away from lab
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Orit Ravid-Hermesh: The goal of this simple, reproducible biomimetic 3D cell-based system is to facilitate invasion capacity analysis in large populations of tumor spheroids for anti-metastatic drug screening.
1.2. Orit Ravid-Hermesh: The main advantage of our hydrogel micro-chamber array is that it allows the production of large numbers of uniform spheroids that populate the same focal plane per well.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3
Naomi Zurgil:  The spheroid position is retained due to the hydrogel micro-chamber array structure even after extracellular matrix addition, facilitating the accurate, continuous monitoring of the spheroids and their invasion process.

1.4
Elena Afrimzon: Further, the morphological characterization and fluorescent staining of numerous spheroids and invading cells can be performed at a single-element resolution in a time-efficient manner.

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Orit Ravid-Hermesh: Demonstrating the hydrogel micro-chamber array 6-well imaging plate production procedure will be Maria Sobolev, a technician from my laboratory. 

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol: (read by voice talent at JoVE)
2. Hyrdogel Micro-Chamber Array (HMCA) Plate Embossing
2.1. To prepare the hydrogel micro-chamber array plates, first pre-heat six polydimethylsiloxane, or PDMS, stamps to 70 °C [1-WIDE] and place a 6-well glass-bottom plate on a dry bath pre-heated to 60 °C for several minutes [2-MED].
2.1.1. Talent placing stamp into oven
2.1.2. Talent placing plates onto dry bath
2.2. When the plate is warm, pour a 400 microliter drop of pre-heated low melting agarose onto the bottom of each well of the 6-well plate [1-MED-over the shoulder-TXT] and gently place one stamp over each drop [2-CU].
2.2.1. Talent placing stamps into agarose drops (TEXT: See text for all solution/reagent preparation details)
2.2.2. Stamps being placed into drops
2.3. Allow the setup to cool for 5-10 minutes at room temperature [1-MED] followed by 20 minutes at 4 °C for full agarose gelation [2-CU].
2.3.1. Talent setting timer, with plate(s) visible in frame

2.3.2. Plate(s) being placed at 4 °C

2.4. When the agarose has solidified, gently peel off the PDMS from each well, leaving the agarose gels patterned with micro-chambers [1-ECU].
2.4.1.  Stamp being removed
2.4.2. Added shot: shot of micro-chambers

2.5. After allowing the UV lamp to reach its highest intensity, place the embossed plate in the light curing system for three minutes [1-MED] and fill the UV-sterilized macro-wells with sterile PBS [2-MED-over the shoulder].
2.5.1. Talent placing plate in light curing system

2.5.2. Added shot: Talent setting timer 

2.5.3. Talent filling well(s) with PBS

2.6. Then cover the plate [1-CU] and wrap it with parafilm for 4 °C-storage until use [2-MED].
2.6.1. Cover being placed onto plate

2.6.2. Talent wrapping plate
3. Cell Loading and Spheroid Formation
3.1. To load the cells, remove the PBS from each well [1-WIDE] and gently load 50 microliters of the cells of interest on top of each hydrogel array [2-LM-TXT]. 
3.1.1. Talent removing PBS

3.1.2. . Cell loading into HMCA video..mp4: 00:04-00:10 (TEXT: 1.5 x 105 cells/mL; 16 cells/MC)
3.2. After allowing the cells to settle by gravity for 15 minutes [1-CU-TXT], carefully add 6-8 aliquots of 500 microliters of fresh medium to the rim of the macro-well plastic bottom outside of the ring and hydrogel array [2-CU]. 
3.2.1. Timer being set (TEXT: See text for cell preparation details)
3.2.2. Medium being added to rim
3.3. Incubate the cells for the appropriate time period at 37 °C and 5% CO2 with humidity [1-MED-TXT] and transfer the spheroids into a biosafety hood on ice for 10 minutes [2-MED].
3.3.1. Talent placing plate into incubator (TEXT: i.e., HeLa cells 72 h; MCF7 cells 48 h)
3.3.2. Talent placing plate in hood on ice

3.4. When the plate has cooled, lean a pipette tip on the edge of the macro-well plastic bottom next to the hydrogel array [1-CU] and remove all of the medium from around the array [2-CU].

3.4.1. +3.4.2 (combined)Tip being leaned onto edge of macro-well (Videographer: Can combine 3.4.1. and 3.4.2. if appropriate)

Medium being removed from around array (Videographer: Can combine 3.4.1. and 3.4.2. if appropriate)

3.5. Then remove the medium from the array tank, lean a gel loading pipette tip on the edge of the array tank very carefully, taking care not to disturb the micro-chambers and spheroids [1-ECU].
3.5.1. Medium being removed from array tank

3.6. Next use a pre-frozen fine pipette tip to add two aliquots of 150 microliters of the collagen mixture of interest at the edge of the array one at a time, releasing the mixture slowly to avoid spheroid dislocation [1-ECU].
3.6.1. Collagen being added to well

3.7. After the second round of collagen has been added to each well [1-CU], return the spheroids to the incubator for 1 hour for full gelation of the extracellular matrix [2-MED].
3.7.1. Shot of collagen being added to last well 

3.7.2. Talent placing plate into incubator
3.8. When the matrix has solidified, add 400 microliters of pre-warmed 1% low melting agarose on top of the gel [1-MED-over the shoulder] and incubate the plate, covered, at room temperature for 5-7 minutes [2-CU] before cooling for 2 minutes at 4 °C for agarose gelation [3-MED].
3.8.1. +3.8.2.(combined)Talent adding LMA to well(s)

Plate being covered

3.8.3. Talent placing plate at 4 °C

3.9. Then, leaning the pipette on the edge of the macro-well plastic bottom, gently add 2 mL of complete medium to each well [1-CU].
3.9.1. Tip being leaned against bottom/medium being added
4. Invasion Assay Acquisition and Analysis
4.1. To perform an invasion assay, load the hydrogel micro-chamber array plate onto a motorized inverted microscope stage equipped with a 37 °C and 5% CO2-incubator with a humidified atmosphere [1-MED] and use a 4- or 10X objective to pre-determine the positions for the image acquisition in each well so that the entire array area will be assessed [2-CU-TXT].
4.1.1. Talent placing plate onto microscope stage

4.1.2. Objective being selected (TEXT: Alternative: Use image acquisition software to facilitate automatic scan of entire area)

4.2. Then acquire brightfield images every 2-4 hours for a total of 24-72 hours to track the cell invasion from the spheroid body into the surrounding extracellular matrix [1-LM].
4.2.1. 4.2.1. Time lapse 0-22h.tif: Video Editor: no animation OR sequentially emphasize/add images from earliest to latest
4.3. At the end of the image acquisition, export the time-lapse images from the image acquisition software for saving in a tagged image file format to a dedicated folder [1-SCREEN].
4.3.1. Talent at computer, exporting images, with monitor visible in frame
4.4. Next, open the graphic user interface and click “Load Brightfield” [1-SCREEN].
4.4.1. 4.4.1. open BF in GUI.mp4: 00:06-00:13
4.5. Adjust the segmentation parameters of the image to achieve a precise segmentation of the spheroids and their invasion areas and click “Region of interest segmentation” to create a border around each spheroid [2-SCREEN].
4.5.1. 4.5.1. parameter adjusted roi created.mp4: 00:06-00:18
4.6. If the automatic segmentation is incorrect, press “Delete” or “Add” and make the appropriate corrections manually [1-SCREEN-TXT].
4.6.1. 4.6.1. Segmentation being corrected.mp4: 00:14-00:23 (TEXT: Repeat segmentation for each image)
4.7. Click “Tracking” to number the spheroids in each of the time lapse images [1-SCREEN].
4.7.1. 4.7.1. Tracking being clicked and spheroids being numbered.mp4: 00:06-00:16
4.8. Then click “Measurement” to generate a spreadsheet with all of the parameters and save the spreadsheet in an appropriate format for data processing and statistical analysis [1-SCREEN].
4.8.1. 4.8.1. Measurement being clicked, then spreadsheet being saved.mp4: 00:04-00:14
5. Results: Representative Influence of Extracellular Matrix (ECM) Composition on Spheroid Invasion
5.1. To examine the influence of hyaluronic acid on the spontaneous HeLa spheroid invasion process [1-LM], in this experiment, 2-day matured spheroids were covered with collagen and hyaluronic acid mixture solution [2-LM] and compared to 2-day matured spheroids covered with collagen solution alone [3-LM].

5.1.1. Figure 5A-D.tif: no animation

5.1.2. Figure 5A-D.tif: Video Editor: please emphasize top left image/original Figure 5A

5.1.3. Figure 5A-D.tif: Video Editor: please emphasize bottom left image/original Figure 5C

5.2. After 50 hours of incubation, the spheroids embedded in collagen and hyaluronic acid demonstrated a lower cell dispersion into the surrounding extracellular matrix [1-LM] compared to the spheroids embedded in collagen alone [2-LM].

5.2.1. Figure 5A-D.tif: Video Editor: please emphasize top right image/original Figure 5B

5.2.2. Figure 5A-D.tif: Video Editor: please emphasize bottom right image/original Figure 5D

5.3. Indeed, analysis of the invasion area kinetics over time for 99 spheroids at single-spheroid resolution [1-LM] clearly indicates that the addition of hyaluronic acid to the collagen inhibits cell dispersion out of the spheroid, resulting in smaller invasion areas [2-LM].
5.3.1. Figure 5E.tif: no animation

5.3.2. Figure 5E.tif: Video Editor: please emphasize blue data line
5.4. Treatment of the HeLa spheroid culture with a bioactive flavonoid with cyto- and migrastatic properties for 24 hours results in an inhibited cell dispersion around the spheroids [1-LM] compared to non-treated HeLa spheroids [2-LM]. 
5.4.1. 5.4.1 figure 6A-C.tif: Video Editor: please emphasize original Figure 6C or cell dispersion in Figure 6C

5.4.2. 5.4.1 figure 6A-C.tif: Video Editor: please emphasize original Figure 6B or cell dispersion in Figure 6B

5.5. Indeed, analysis of the invasion areas of 488 spheroids at the end of the experiment revealed a significant inhibition after treatment with as little as 10 micromolar of the drug [1-LM].
5.5.1. 5.5.1 figure 6D.tif: Video Editor: please indicate the 10 micromolar data point
6. Conclusion (said by authors on camera):
6.1. Orit Ravid-Hermesh: Due to the low-attachment characteristics of the hydrogel, this micro-chamber-based technology facilitates the formation of spheroids even in instances of very few cells, which is especially advantageous in valuable, limited cancer stem-like cell samples or patient-derived, primary cell samples. 
6.2. Elena Afrimzon: The hydrogel micro-chamber-imaging plate allows analysis of the exact spatial location of the spheroids during long term experiments for the evaluation of the invasion process at the single-element level, providing a high degree of statistical robustness and accuracy.
6.3. Naomi Zurgil: Future applications of this methodology include side-by-side multi cell culturing of tumor and stromal cells in different regions within the macro-well and the retrieval of individual spheroids for downstream molecular analyses. 
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

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

3.1.2. 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. 
4.2.1 – 4.2.1. Time lapse 0-22 h.tif
5.4.1 – Figure 5A-D.tif
5.6.1 – Figure 5E.tif
3.1.2. - Cell loading into HMCA video.mp4
4.2.1. Time lapse 0-22 h.tif
5.4.1 figure 6A-C.tif
5.5.1. figure 6D.tif
4.4.1. open BF in GUI.mp4

4.5.1. parameter adjusted roi created.mp4

4.6.1 Segmentation being corrected.mp4

4.7.1. Tracking being clicked and spheroids being numbered.mp4

4.8.1. Measurement being clicked, then spreadsheet being saved.mp4
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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