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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)    NO    (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)    NO    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 steps by their protocol number. 
1.4)  2.2)  2.3)  3.1)  3.2)  3.3)    
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 2.2)  
E.  Will the filming need to take place in multiple locations? (Y/N)    NO    If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to investigate cell interactions between lung cancer cells and cancer-associated fibroblasts in a three-dimensional co-culture method. (Intro)
This is accomplished through the primary culture of human lung cancer associated fibroblasts from collected lung tissue that is minced into 1 millimeter sized pieces. (P1)
Editors, please use “schematics.pptx” for the graphic overview.  The separated elements for these illustrations can be found in the first 3 pages.  As this point is narrated, please show page 5 and 6.  First animate the removal of the black cube from the lung with the scalpel and the movement of it into the media filled tube.  Then animate the removal of the cube from the medium filled tube and then animate mincing up the tissue into the tiny pieces at the bottom right of page 5 using the scalpel.  Then move to page 6.  Animate the addition of the tiny pieces to the scratched dish (to result in the third plate illustration) and animate the addition of the media there with the pipette.  Then animate the growing of the pieces into the patches shown in the last image on page 6.
The second step is to prepare collagen gels embedded with fibroblasts by mixing a collagen solution using the trypsinized cells and transferring to a 6-well plate to gelatinize. (P2)
Editors, please use “schematics.pptx” for the graphic overview.  The separated elements for these illustrations can be found in the first 3 pages.  As this point is narrated, please show page 7.  Animate the addition of the fresh medium to the cell pellet and the suspension of the cells in the tube as shown to the left of the page.  Then animate the pipetting of the suspension into each well of the 6-well plate shown to the right of the page.  
Next, lung adenocarcinoma cells are plated onto the surface of each gel to prepare a three-dimensional co-culture of cancer cells and fibroblasts and the gel is separated from the edge of the well to generate a ‘floating culture’. (P3)
Editors, please use “schematics.pptx” for the graphic overview.  The separated elements for these illustrations can be found in the first 3 pages.  As this point is narrated, please show page 8.  Animate the addition of the lung adenocarcinoma cells to the gel from the pipette.  Then animate the separation of the gel from the edge of the well with the spatula.
The final step is to perform the air-liquid interface culture and invasion assay through exposure of the contracted gels to air by placing them on a mesh situated in a 6-well plate. (P4)
Editors, please use “schematics.pptx” for the graphic overview.  The separated elements for these illustrations can be found in the first 3 pages.  As this point is narrated, please show page 8.  Animate the placement of the floating culture in the third image to the mesh in a new well to result in the last illustration of page 8.

Ultimately, histological examinations are used to evaluate cancer cell invasion and morphological changes. (P5)
Editors, please use figure 3 as this point is narrated.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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[image: image3.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Masafumi Horie:  The main advantage of this technique over existing methods, like two-dimensional monolayer culture, is that multicellular interactions can be investigated in a three-dimensional co-culture condition.
1.1.1. MED:  Masafumi speaks toward camera, interview style.   

Protocol (read by voice talent at JoVE):

2. Primary culture of human lung fibroblasts
2.1. This procedure begins with the primary culture of fibroblasts from collected lung tissue as described and referenced in the text protocol. In this video, mouse lungs are used, instead of human lung cancer tissue.
2.1.1. Title Card.
2.2. Place the lung tissue sample on a 10 centimeter tissue culture dish without culture medium.  Cut the tissue into small sections of approximately 1 millimeter in size using sterile forceps and a scalpel.  During this process, avoid making the section dry, otherwise the efficiency of cell outgrowth is impaired.
2.2.1. MED:  Talent places the tissue sample on a 10 centimeter tissue culture dish without culture medium.  
2.2.2. MED-over the shoulder:  Talent uses forceps and scalpel to cut the tissue into small sections of 2-3 1 mm.  Match action in next shot.
2.2.3. CU:  Tissue as talent cuts it into small sections of 2-3 1 mm using forceps/scalpel.
2.3. After separating the epithelial cell layer and connective tissue, mince the tissues into 1 millimeter pieces using two scalpels.  If the pieces are not small enough, they detach more easily from the dish, and the cells will fail to outgrow on the dish surface. 
2.3.1. MED-over the shoulder:  Talent separates the epithelial cell layer and connective tissue.  TEXT overlay:  see text protocol
2.3.2. CU:  Tissue as talent minces it into 1 mm pieces with 2 scalpels.
2.4. Place small lung tissue sections apart from each other to maintain an empty area surrounding each piece.  Make scratches on the surface of the tissue culture dish using a scalpel blade. 
2.4.1. MED-over the shoulder:  Talent places the small lung tissue sections apart from each other to maintain an empty area surrounding each piece.
2.4.2. ECU:  Tissue culture dish as talent makes scratches using a scalpel blade.
2.5. Alternatively, coverage of tissue pieces enhances the efficacy of cell outgrowth and cell propagation following several passages. First, place silicone grease at two points, 1.5 centimeter apart in each well. Next, place minced tissue pieces individually into the center of each well. Then attach the cover slip to the surface of the plate using silicone grease. 
2.5.1. MED: Talent places silicone grease at two points in each well, places the minced tissue pieces individually into each well of a 6-well plate and covers them with a cover slip.
2.5.2. CU:  Cover slip as talent uses silicone grease to attach it to the surface of the plate. 
2.6. Next, place silicone grease at two points, 1 centimeter apart, in each well using a sterile pin. Coverage of tissue pieces enhances the efficacy of cell outgrowth and cell propagation following several passages.
2.6.1. MED-over the shoulder:  Talent places silicone grease at two points 1 centimeter apart in each well with a sterile pin.
2.7. Gently add culture medium to the dish or 6-well plate before the tissue sections dry out; efficient cell outgrowth is lost for the most part if the samples dry out.  Do not pour the medium too rapidly to avoid detachment of the tissue sections.
2.7.1. MED:  Talent gently adds culture medium to the dish or 6 well plate.  Match/continue action in next shot.
2.7.2. CU:  Dish or 6-well plate as talent adds culture medium (not too rapidly)
2.8. Culture the cells in Dulbecco’s modified Eagle’s medium, or, DMEM with 10% fetal bovine serum ,or FBS.  Use enough medium to just cover the tissue, but not too much that it allows floating, as additional buoyancy promotes detachment from the dish.  Continue to passage the cells as listed in the text protocol.
2.8.1. MED:  Talent adds DMEM with 10% FBS to the cells.
2.8.2. CU:  One of the wells as talent adds medium to the tissue.
2.8.3. WIDE:  Talent places the cells into the incubator.
3. Three-dimensional co-culture of human lung fibroblasts and cancer cells
3.1. For collagen gel formation, wash fibroblasts with 1X phosphate buffered saline, or PBS, and add trypsin I to detach the outgrowing cells.  
3.1.1. MED: (3.1.1.A) Talent washes the fibroblasts cultures on a 10 centimeter dish with 1X PBS. (3.1.1.B) Talent takes the cover slip and washes the fibroblasts cultures on a 6-well plate with 1X PBS.
3.1.2. CU: (3.1.2.A) 10 centimeter dish as talent adds 1 mL of trypsin. (3.1.2.B) 6-well plate as talent adds trypsin to each well.
3.2. After trypsinization for approximately 5 minutes at 37 degrees Celsius, detach the cells using 9 milliliters of DMEM supplemented with 10% FBS.  Collect the cells suspended in the medium in a 10 milliliter tube, and centrifuge them at 200 to 300 x g to form cell pellets.
3.2.1. MED-over the shoulder: (3.2.1.A) Talent adds 9 mL of DMEM/10% FBS from a labeled container to a 10 centimeter dish. (3.2.1.B) Talent adds DMEM/10% FBS from a labeled container to a 6-well plate.
3.2.2. MED: (3.2.2.A and 3.2.2.B? or combined as 3.2.2.? Either will do for us.) Talent places the 10 mL tube containing the cells into the centrifuge.
3.3. Resuspend the resulting pellets in 100% FBS at a density of half a million cells per milliliter.
3.3.1. CU:  Cell pellet in the tube as talent resuspends in 100% FBS from a labeled container. 
3.4. Cool the reagents, pipettes and tubes for collagen gel preparation in a refrigerator prior to collagen gel preparation. 
3.4.1. MED-over the shoulder:  Talent places reagents, pipettes and tubes for collagen gel prep into a refrigerator. 
3.5. Next, prepare the collagen gel by mixing the fibroblast suspension in FBS, type IA collagen, 5x DMEM, and reconstitution buffer.
3.5.1. MED:  Talent combines fibroblast suspension, type IA collagen, 5x DMEM, and reconstitution buffer.  Use labeled containers.  TEXT overlay:  see text for solution preparation and relative amounts 
3.6. Vigorously pipette to ensure a homogenous mixture, avoiding bubble creation during the pipetting process.  
3.6.1. CU:  Mixture as talent vigorously pipettes avoiding bubbles.
3.7. Then, add 3 milliliters of the mixture to each well of a 6-well plate and allow to gelatinize in the incubator at 37 degrees Celsius without disturbance for 30 to 60 minutes.
3.7.1. MED-over the shoulder:  Talent pipettes 3 mL of the mixture to each well of a 6-well plate.
3.7.2. CU:  Plate as it is placed in the incubator.
3.8. For cancer cell culture on the collagen gel, resuspend the cancer cells in the 3D co-culture medium at a density of 1 times 10 to the fifth cells per milliliter. 
3.8.1. MED:  Talent resuspends the cancer cells in the 3D co-culture medium.  TEXT overlay:  see text for recipe
3.9. Pour two milliliters of the resuspended A549 lung adenocarcinoma cell solution onto the surface of each gel.  Modify the cell number of cancer cells or fibroblasts in co-culture depending on experimental conditions.
3.9.1. MED-over the shoulder:  Talent pours 2 mL of the A549 lung adenocarcinoma cell solution onto the surface of each gel.  Match/continue action in next shot.  TEXT overlay:  2 x 105 cells  
3.9.2. CU:  6-well plate with gels as talent pours 2 mL of the A549 lung adenocarcinoma cell solution onto the surface of each gel.
3.10. To perform gel contraction, incubate gels overnight at 37 degrees Celsius so the cancer cells can adhere to the collagen gel.  
3.10.1. MED-over the shoulder:  Talent places the 6-well plate with gels into the incubator. 
3.11. Then, detach each gel, and generate a ‘floating culture’ in each well of the 6-well plate with an angled 21-gauge needle or small spatula to separate each gel from the edge of the well.  
3.11.1. ECU:  Single gel as talent detaches it using an angled 21-gauge needle or small spatula to separate each gel from the edge of the well.
3.12. Every 2 to 3 days, refresh the wells with 2 milliliters of 3D co-culture medium.  Measure the size of each gel every day for 5 days.  Finally, see the text protocol for collagen gel analysis.
3.12.1. MED:  Talent replaces the gels with fresh medium into the incubator.
3.12.2. CU:  Plate as talent measures the size of each gel.
4. Air-liquid interface culture and invasion assay
4.1. After culturing the collagen gels at 37 degrees Celsius for 5 days, expose the contracted gels to air by placing them on a mesh (TEXT overlay:  70 μm pore size) in new 6-well plates.  Make the mesh from commercially available cell strainers used for flow cytometry. 
4.1.1. MED-over the shoulder:  Talent transfers the gels mesh made from a cell strainer, to a new 6-well plate with mesh.  Continue/match action in next shot.
4.1.2. CU:  The new plate with mesh as talent place one of the gels there.  Continue action in next shot.
Exchange the order of 4.2. and 4.3.
4.2. Position the gels onto the mesh using a sterile spoon, and remove any remaining medium from the gels. On this condition, gels are submerged in the medium while the upper surface of the gel is exposed to air. Define this culture condition as air-liquid interface.
4.2.1. ECU:  A single well with mesh as talent positions the gel onto the mesh using a sterile spoon and removes any remaining medium.
4.3. Gently fill each well with 11 milliliters of 3D co-culture medium.  
4.3.1. MED:  Talent fills each well with 11 mL of 3D co-culture medium.  Continue action in next shot.
4.3.2. CU or ECU:  Plate or well as talent manipulates a gel so that it is submerged in the medium while the upper surface is exposed to the air. 
5. Results: Analysis of A549 cells co-cultured on a 3D collagen gel embedded with primary cultures of cancer-associate fibroblasts
5.1. This co-culture method, mimicking the tumor microenvironment, is a useful tool to investigate the interactions between cancer cells and fibroblasts embedded in collagen gels. 
5.1.1. Title Card
5.2. A549 cells were co-cultured on a collagen gel embedded with the fibroblasts, and the layer of A549 cells was exposed to air by placing the gel onto a mesh in medium.  Shown here is a representative picture of the gel placed on the mesh in a well of a 6-well plate. 
5.2.1. LAB MEDIA:  Figure 2B_5.2.1 
5.3. Histological analyses with hematoxylin and eosin staining of cross-sections of a three-dimensionally cultured gel revealed invasion of A549 cells into the collagen gel embedded with lung cancer-associated fibroblasts.
5.3.1. LAB MEDIA:  Figure 3.  Editors, please highlight the arrows as “invasion of A549 cells into the collagen gel embedded with lung cancer-associated fibroblasts” is narrated.
6. Conclusion (said by authors on camera)
6.1. Masafumi Horie:  Following this procedure, other methods like gene expression or knockdown can be performed in order to answer additional questions like specific gene function in tumor-stromal interaction.
6.1.1. MED:  Masafumi speaks toward camera, interview style.
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.  

Insert your media filenames here.
schematics.pptx

Figure 2B_5.2.1

Figure 3
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.
( 2013, Journal of Visualized Experiments


