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A.  Will you require JoVE to record video microscopy through a microscope? (Y/N) N 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:
 2.1, 2.8, 2.10, 3.2, 3.9 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.1- Layering an even base of Matrigel. Success is determined by gently and evenly pipetting the matrigel in a spiral pattern.  

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): Authors: please upload schematic overview graphic through link 

Procedural Narrative:
The overall goal of the following procedure is to evaluate the invasive ability of cancer cells using a three-dimensional invasion assay. (Intro) This is accomplished by first by culturing cancer cells in a basement membrane matrix. (P1) The cellular invasion of the matrix is then observed for 5 or more days via light microscopy. (P2) In the final step, the cells are labeled with fluorescent antibodies for localization of the proteins of interest. (P4) Ultimately, the rate of cancer cell invasion and the resulting changes in protein expression can be analyzed by immunofluorescent microscopy. (P4)

(P1) from graphic, please show top left petri dish with blue oval Matrigel (keep text), then have black cancer cells appear and settle on matrix
(P2) from graphic, remove matrigel text and have cells begin to stretch/become angular to imply invasion (like top right petri dish) while objective from microscope appears and moves up underneath petri dish
(P3) from graphic, show petri dish with stretched cells (no objective), then have yellow and green antibodies descend upon and “attach” to cells like bottom right petri dish (skip cover slip/text labels)
(P4) Authors: Please provide graph from Figure 3C and images from Figure 3E as a composite .ai, .psd, or .tif file With “rate of cancer cell invasion” please show Figure 3C graph; with “resulting changes in protein expression” please show Figure 3E

[image: ]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Cameron Glenn-Franklin Goertzen: The main advantage of this technique over existing methods, like the two-dimensional Transwell chamber invasion assay, is that the 3D-dimentional Matrigel assay better mimics the in vivo microenviorment in which the cancer cells grow. 
1.2. Donna Cvetković: The implications of this technique extend toward the therapy of cancer, as it allows the identification and study of new proteins that may promote cancer invasion and metastasis.

Protocol (read by voice talent at JoVE):

2. 3D culture of breast cancer cells in basement membrane matrix 
2.1. Before beginning the culture procedure, place the basement membrane matrix, a P-200 pipet and pipet tips on ice overnight at 4°C. The next day, use the tip of the ice cold 200 l pipette to spread 50 l of the matrix in a spiral pattern over the bottom of a confocal no.1 glass bottom dish. 
2.1.1. WIDE: Talent places matrix, pipet, and pipet tips one ice at 4°C
2.1.2. MED – over the shoulder: Talent spreading matrix onto glass dish (TEXT: Avoid bubble formation/spreading against border)
2.1.3. CU: Shot of dish with spiral pattern/last few seconds of matrix being spread onto dish
2.2. Then place the dish in a cell culture incubator at 37°C with 5% CO2 for at least 30 minutes. While the matrix is undergoing solidification, trypsinize a 70-80% confluent 100-mm plate of cells. 
2.2.1. MED: Talent places dish into incubator
2.2.2. MED: Talent adding trypsin to plate of cells, with trypsin bottle with label visible in frame if possible
2.3. Once the cells have begun to detach, inactivate the trypsin with 10 ml of medium and then transfer the cell suspension into a 15 ml conical tube.
2.3.1. MED: Talent adds medium to plate, with media bottle with label visible in frame if possible (TEXT: See text for media/reagent preparation details) 
2.3.2. MED: Talent adding cells to 15 ml tube
2.4. Centrifuge the cells for 3 minutes at 100 x g and 4 ̊C. While the cells are spinning down, aliquot 50 l of matrix into one 1 ml microcentrifuge tube per dish of basement membrane matrix and place the tubes on ice.
2.4.1. MED: Talent places tube(s) into centriuge (TEXT: 3 min, 100 x g, 4°C)
2.4.2. CU: Matrix being aliquoted into at least one tube
2.4.3. CU: Tube(s) being placed on ice
2.5. When the cells have finished spinning, aspirate the supernatant without disturbing the pellet and then resuspend the cells in 1 ml of media and count them.
2.5.1. CU: Shot of pellet if visible, then few seconds supernatant being aspirated
2.5.2. CU: Few seconds pellet being resuspended in media
2.5.3. MED: Few seconds Talent at microscope, counting cells (or other appropriate shot of Talent counting cells)
2.6. Next transfer 2.5x104 cells into a new microcentrifuge tube, topping off the cell suspension with media to a final volume of 50 l. 
2.6.1. MED: Talent dispensing cells into tube
2.6.2. CU: Last few seconds of media being added to bring volume to 50 l
2.7. Then add the 50 l of ice-cold basement membrane matrix to the cells at a 1:1 ratio for a final volume of 100 l. 
2.7.1. CU: Matrix bring added to tube, then shot of tube with 100 l of solution
2.8. Gently plate the matrix:cell mixture onto the solidified basement membrane matrix and allow the cells to become embedded in the matrix in the cell culture incubator.
2.8.1. CU: Few seconds cell suspension being plated onto matrix
2.8.2. CU: Plate being placed into incubator
2.9. After 30 minutes, cover the matrix with 2 ml of media and place the dish back into the incubator, changing the media every day for the duration of the experiment.
2.9.1. MED – over the shoulder: Few seconds Talent adding media to plate
2.9.2. CU: Plate being placed into incubator
2.9.3. CU: Old media being aspirated 
2.10. Use the 10x objective of a light microscope once every day for the duration of the experiment to take 20 differential interference contrast images of the colonies suspended in the basement membrane matrix. 
2.10.1. CU: 10x objective being clicked into plate
2.10.2. MED: Talent at microscope, with monitor in frame if possible taking at least one image of colony OR SCREEN: Shot of at least one contrast image (TEXT: e.g. MDA-MB-231 in this experiment)
2.11. Analyze the images blindly to determine the cell colony stellate formation. A colony is deemed to be stellate if one or more projections from the spheroid of cells are observed. 
2.11.1. MED – over the shoulder: Few seconds Talent looking at/analyzing image (TEXT: See text for stellate colony calcuation details)
2.11.2. LAB MEDIA: Authors: Please provide the Day 3 image from Figure 3C as its own individual .ai, .psd, or .tif file or similar to illustrate the point about stellate formation (Video Editor: If possible, please indicate one or more projection on magnified cell with “if one … observed”)
3. Examination of morphogenic features of 3D cultures with immunofluoresnece
3.1. To examine the morphogenic features of the 3D colonies, remove the cells from the incubator and place them on a tray of ice. 
3.1.1. WIDE: Talent removes colony from incubator
3.1.2. MED: Talent places at least one plate on ice
3.2. Aspirate the media, and then wash the colony 3 times with 2 ml of cold PBS. 
3.2.1. CU: Shot of media being aspirated
3.2.2. CU: Few seconds plate being washed one time with PBS
3.3. After the last wash, fix the cells in 2 ml of a 20% acetone:80% methanol solution for 20 minutes at 4C and then bring the dishes back to room temperature. 
3.3.1. MED: Few seconds Talent adding fixative to at least one plate, with fixative label visible in frame if possible
3.3.2. MED: Talent placing plate(s) at 4°C
3.3.3. MED: Talent placing plate(s) at RT
3.4. Once the basement membrane matrix is at room temperature, aspirate the fixative and wash the plate 3 times with PBS as just demonstrated. 
3.4.1. MED – over the shoulder: Few seconds Talent aspirating fixative
3.4.2. MED: Few seconds Talent washing plate with PBS one time
3.5. After the final wash, block any non-specific binding on the cells with 2 ml of 3% BSA for at least 30 minutes at room temperature. 
3.5.1. MED: Talent adding 3% BSA to plate, with BSA container and label visible in frame if possible
3.6. Then incubate the cells in the primary antibodies of interest diluted in 3% BSA at room temperature.  After an hour, remove the primary antibody solution. 
3.6.1. CU: Few seconds at least one primary antibody being added to plate, with antibody container(s)/label(s) visible in frame if possible
3.6.2. CU: Few seconds antibody solution being removed
3.7. After washing away the unbound primary antibody 3 times with PBS, add the secondary antibody dissolved in 3% BSA at the appropriate dilution and incubate the cells for 1 hour at room temperature in the dark.
3.7.1. CU: Few seconds secondary antibody being added to plate, with antibody container(s)/label(s) visible in frame if possible
3.7.2. MED: Few seconds Talent covering dish
3.8. After washing away the unbound secondary antibody with PBS, stain the nuclei of the cells in 2 ml of Hoechst 33258 in PBS for 5 minutes in the dark. Then wash the unbound Hoechst from the cells 5 times with PBS. 
3.8.1. CU: Few seconds Hoechst being added to plate
3.8.2. CU: Few seconds plate being washed one time with PBS
3.9. After the fifth wash, add mounting medium directly onto the matrix:cell mixture and carefully cover the mounting medium with a glass coverslip to prevent any disruptions to the integrity of the basement membrane matrix:cell mixture.
3.9.1. CU: Few seconds mounting media being added to matrix/cells
3.9.2. CU: Few seconds coverslip being placed on top of mounting media
3.10. Dry the dish overnight at room temperature, then acquire images with a fluorescent microscope at the appropriate laser wavelengths for the antibodies used.
3.10.1. MED: Talent placing dish at RT (TEXT: Dry dishes can be stored -20°C)
3.10.2. MED: Talent at microscope with image on monitor OR MED: Few seconds Talent at microscope
4. Results: Representative 3D MDA-MB-231 cell basement membrane matrix invasion images
4.1. In these images, MDA-MB-231 cells invading a 3D matrix are illustrated. The cells embedded into the matrix on Day 1 and started forming invasive, stellate structures by Day 3. By Day 5, a complete invasion of the matrix could be observed. 
4.1.1. LAB MEDIA: Figure 3C images Authors: Please provide Figure 3C images as their own .ai, .psd, or .tif file without the “C” label 
(Video Editor: with “embedded … Day 1” please highlight/indicate the two Day 1 images; 
with “started … day 3” Please highlight/indicate the Day 3 images; 
with “By Day 5 … observed” please highlight/indicate the Day 5 images)
4.2. The number of stellate colonies formed was then counted and expressed as a percentage of the total number of the invasive and non-invasive colonies per dish. Additionally, since the measurements were completed daily for 5 days, the rate of invasion could also be evaluated. 
4.2.1. LAB MEDIA: Figure 3C graph Authors: Please provide Figure 3C graph as its own .ai, .psd, or .tif file without the “C” label 
(Video Editor: with “expressed … per dish” please highlight the y-axis; 
with  “measurements … 5 days” please highlight the x-axis; 
with “rate … evaluated” please highlight the data line)
4.3. In these immunoflourescent images, representative invasive, stellate colonies of MDA-MB-231 cells displaying a loss of membrane integrity and diffuse localization of the basement membrane protein laminin V are shown. In stark contrast to what is observed in the MDA-MB-231 breast cancer cells, the laminin V was localized to an intact basement membrane layer enclosing the mammary acini of the untreated, non-malignant MCF10A cells.
4.3.1. LAB MEDIA: Figure 3E graph Authors: Please provide Figure 3E images as their own .ai, .psd, or .tif file without the “E” label 
(Video Editor: with “representative … are shown” please highlight the top two images; 
with “diffuse … laminin V” please outline/otherwise indicate the/some red staining in the top right image; 
with “laminin V was … MCF10A cells” please highlight the bottom two images; 
with “laminin V … acini” please outline/otherwise indicate the/some red staining in the bottom right image)

5. Conclusion (said by authors on camera)
5.1. Donna Cvetković: Following this procedure, other methods like co-culture with stromal cells, can be performed to answer additional questions, like how do tumor cells cross-talk with stromal cells in the tumor microenvironment? 
5.2. Cameron Glenn-Franklin Goertzen: After its development, this technique paved the way for researchers in the field of oncology for exploring human tumor migration and invasion, both of which are required for the metastatic spread of cancer.
       

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, 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.  

Authors: please upload these images through the link:
1A Schematic
2.11.1 Figure 3c Day 1
4.1.1 Figure 3c All Days
4.2.1 Figure 3c Graph
4.3.1 Figure 3e


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, as well as an introduction to your videographer, closer to your filming date.
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