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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) Yes.  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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

Steps 2.2, 3.1, 3.5, 4.1, 5.1, 5.2, and 5.3.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) Preparing the cell+ECM mixture and plating in the 8-well chamber slide/injecting this mixture into the bioreactor (Steps 2.1, 3.1, and 3.5). Careful pipetting and keeping the mixture on ice during set up are key to success. 

E.  Will the filming need to take place in multiple locations? (Y/N) No. If yes, how far apart are the locations? _____________________________________________

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 set of procedures is to generate three-dimensional cell cultures to function as in vitro breast cancer surrogates and to present a method for measuring cell growth in histologic sections of the surrogates. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors, each statement here has been amended to below 30 words according to JoVE guideline. 

1.1. Andra Frost: Three dimensional cell culture is a more physiologically relevant method to model cell behavior in vitro than two dimensional culture. 
1.2. Andra Frost: By altering cellular composition or other experimental conditions, this set of procedures can be adapted to answer a variety of biological questions and to assess the efficacy of candidate therapeutics. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Andra Frost: Demonstrating the procedure will be Kayla Goliwas, a graduate student from my laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. 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. Preparation of cells in extracellular matrix 

2.1. To incorporate the cells into the ECM, on ice, add the cells and the first four related components listed in Table 1 in the accompanying manuscript into a 2 ml microcentrifuge tube [2.1.1-MED-over the shoulder-TXT].  Next, gently mix them by pipetting and avoid forming any bubbles [2.1.2-CU]. 
2.1.1. Talent adds 1-2 components into a 2 ml microcentrifuge tube on ice. Text: ECM: extracellular matrix
2.1.2. CU the tube as the cell/ECM mixture is being pipetted and mixed

2.2. Monitor the pH level using the phenol red in the 10x DMEM to make sure that the mixture shows an orange/pink color, indicating a pH of 7 [2.2.1-CU].  If the mixture appears yellow and the pH is too low, slowly add 7.5% sodium bicarbonate one drop at a time until the appropriate color is reached [2.2.2-MED-over the shoulder]. Remember to keep the mixture on ice and work quickly to prevent premature ECM polymerization [2.2.3-CU].
2.2.1. CU the mixture as a pH test is conducted and mixture shows an orange/pink color
2.2.2. Talent adds 7.5% sodium bicarbonate one drop at a time to the yellow mixture until the appropriate color is reached
2.2.3. CU the mixture as it is kept on ice
3. Surrogate preparation 

3.1. For solid 3D cultures, keep the chamber slide on ice to prevent premature ECM polymerization [3.1.1-MED-over the shoulder].  Slowly pipette 100 µl of the cell/ECM mixture into each well of the 8-well chamber slide [3.1.2-MED-over the shoulder], and pipette the cell/ECM mixture around the edges of the well to help better distribute the mixture [3.1.3-CU].
3.1.1. Talent places the chamber slide on ice

3.1.2. *Film as written
3.1.3. CU the well as the cell/ECM mixture is pipetted around the edges
3.2. Next, incubate the surrogates at 37 ºC, 5% CO2 for 45 minutes to allow ECM polymerization [3.2.1-MED-TXT].  After 45 minutes, add 100 µl of the culture media to each well and incubate at 37 ºC, 5% CO2 for the duration of the experiment [3.2.2-MED-over the shoulder-TXT].  Change the culture medium every two days [3.2.3-MED].
3.2.1. Talent places the surrogates in the incubator. Text: Incubate at 37 ºC, 5% CO2 for 45 minutes

3.2.2. Talent adds 100 µl of the culture media to each well.  Text: Incubator at 37 ºC, 5% CO2 

3.2.3. Talent changes medium
3.3. Kayla Goliwas:  A limitation of 3D culture is that the diffusion of oxygen and nutrients into the volume may be inadequate to support cell viability. The addition of a bioreactor system to perfuse 3D cultures can overcome this limitation and enhance growth [3.3.1-MED].
3.3.2. Interview style
3.4. To perfuse 3D cultures in a bioreactor system, sterilely prepare and assemble the portion of the bioreactor system that houses the surrogates [3.4.1-CU].  In a cell culture hood, using a syringe with a 26 gauge needle, inject the cell/ECM mixture into the area of the perfusion bioreactor designed to contain cells and quickly proceed to the next step [3.4.2-MED-over the shoulder].  
3.4.2. CU the prepared bioreactor system
3.4.3. Talent injects the cell/ECM mixture into the area of the perfusion bioreactor
3.5. To ensure more even distribution of cells within the surrogates, place the bioreactor component housing the surrogates into a 50 ml conical tube [3.5.1-MED-over the shoulder].  Continuously rotate the surrogates at 18 rpm while incubating at 37 °C in an in situ hybridization oven or an incubator for 45 minutes to allow ECM polymerization [3.5.2-CU-TXT].
3.5.2. *Film as written
3.5.3. CU the surrogates as they are rotated in the incubator in situ hybridization oven in the biosafety cabinet.  Text: Rotate at 18 rpm in 37 °C for 45 minutes

3.6. Following polymerization and the addition of medium, connect the bioreactor assembly to the pump [3.6.1-MED].  Start medium perfusion in an incubator at 37 ºC, 5% CO2 [3.6.2-MED-over the shoulder].  Continue medium perfusion for the duration of the experiment and change the culture medium as required for the specific experimental design [3.6.3-MED].

3.6.2. *Film as written
3.6.3. Talent turns on perfusion system (at computer) and pump starts in incubator
3.6.4. Talent changing medium

4. Surrogate fixation and processing 

4.2. At the end of the experiment, encase the surrogates in specimen processing gel to keep the surrogates intact during processing and facilitate histologic sectioning [4.1.1-CU].  To do so, melt the specimen processing gel in a 60 °C water bath until ready to use [4.1.2-MED-over the shoulder].  Then, pipette approximately 300 µl of specimen processing gel into the bottom of a labeled cryomold [4.1.3-CU].
4.2.2. CU the surrogates in specimen processing gel
4.2.3. Talent places the specimen processing gel in the water bath

4.2.4. CU the specimen as 300 µl of it is pipetted into the bottom of the labeled cryomold
4.3. Using a scalpel blade and forceps, carefully remove a surrogate from the bioreactor or from the well of an 8-well chamber slide [4.2.1.-MED-over the shoulder], and place it into the cryomold containing specimen processing gel [4.2.2-MED-over the shoulder]. 
4.3.2. *Film as written
4.3.3. *Film as written
4.4. Pipette approximately 300 µl of specimen processing gel to cover the surrogate in the cryomold [4.3.1-CU].  Then incubate it at 4 °C for 30 minutes [4.3.2-MED-TXT].  Once the specimen processing gel has solidified, remove the specimen processing gel containing the surrogate from the cryomold [4.3.3-MED-over the shoulder], and place it into a tissue cassette [4.3.4-CU].
4.4.2. *Film as written
4.4.3. Talent places the cryomold in the incubator refrigerator. Text: Incubate at 4 °C for 30 minutes
4.4.4. *Film as written
4.4.5. CU the tissue cassette as  a surrogate is placed in it 

4.5. If more than one surrogate is to be put into the same tissue cassette, tissue marking dyes can be used to distinguish samples following fixation and processing [4.4.1-CU]. Subsequently, place the tissue cassette containing the surrogate into 10% neutral buffered formalin for 10 to 12 hours at room temperature to allow complete fixation [4.4.2-MED-over the shoulder]. 
4.4.1a.  Establishing shot of marking dyes

4.4.1b.  CU marking surrogate with dye
4.5.2. CU the cassette with a number of surrogates 

4.5.3. *Film as written
4.6. Following fixation, transfer the tissue cassette containing the surrogate to 70% ethanol [4.5.1-MED-over the shoulder].  The fixed surrogate is now ready for processing to paraffin and subsequent histologic sectioning [4.5.2-CU]. 
4.6.2. *Film as written
4.6.3. CU the fixed and paraffin-embedded surrogate

5. Measuring cell density
5.2. To measure the cell density in photomicroscopic images of H&E stained sections, open an image file of the surrogate [5.1.1-MED-over the shoulder].  Using the polygon tool in ImageJ and the edges of the ECM as a guide, outline the area of the surrogate by dragging the mouse and clicking to make anchor points [5.1.2-SCREEN]. Once outlined, select “Measure” under the “Analyze” tab [5.1.3-SCREEN]. 
5.2.2. Talent opens an image file of the surrogate on the computer monitor

5.2.3. To be submitted by authors. A screen movie to show the procedure described above

5.2.4. To be submitted by authors. A screen movie to show the procedure described above
5.3. Next, upload the image files used to measure the surrogate area into CellProfiler by dragging the image files to the “File List” [5.2.1-SCREEN]. Then, assign a name to each image imported in the “NamesAndTypes” input module and select the image type [5.2.2-SCREEN].
5.3.2. To be submitted by authors. A screen movie to show the procedure described above

5.3.3. To be submitted by authors. A screen movie to show the procedure described above

5.4. After the analysis pipeline is generated, start “Test Mode” and click “Run” in CellProfiler [5.3.1-SCREEN] and evaluate filtered objects to ensure that the majority of the nuclei in the test image are appropriately identified and the optimal parameters are chosen to identify the cells [5.3.2-SCREEN]. The nuclei included will be circled in green. Then, save the project, exit Test Mode and click “Analyze Images” [5.3.3-SCREEN]
5.4.2. To be submitted by authors. A screen movie to show the procedure described above

5.4.3. To be submitted by authors. A screen movie to show the procedure described above

5.4.4. To be submitted by authors. A screen movie to show the procedure described above

6. Results: Representative images of a H&E-stained section from perfused and solid surrogates  
6.2. Shown here is a representative image of the H&E-stained section from a perfused surrogate grown for 7 days [6.1.1-LM-TXT].
6.2.2. 54004_Frost_Figure12A.tif: Show the image. Text: 400x original magnification
6.3. And this is a representative image of the H&E-stained section from a solid surrogate grown for 7 days with medium changed every 2 days.  The cellularity is much lower in the solid surrogates [6.2.1-LM-TXT].

6.3.2. 54004_Frost_Figure12B.tif: Show the image. Text: 400x original magnification
6.4. This graph shows the comparison of the mean number of nucleated cells per area following 7 days growth of perfused and solid surrogates [6.3.1-LM-TXT]. These numerical data support the cellularity in the photomicrographs of the H&E stained sections [6.3.2-LM].

6.4.2. 54004_Frost_Figure12C.tif: Show the image (without “***”). Text: Perfused: No media change; Solid: Media changed every 2 days
6.4.3. 54004_Frost_Figure12C.tif: Add “***” in the image
6.5. And this graph shows the comparison of Ki-67 labeling index, which is a measure of cell proliferation, following 7 days growth of perfused and solid surrogates [6.4.1-LM-TXT]. These data again support greater growth in perfused surrogates [6.4.2-LM].

6.5.2. 54004_Frost_Figure12D.tif: Show the image (without “**”). Text: Ki-67 labeling index: % of cells in a population expressing Ki-67
6.5.3. 54004_Frost_Figure12D.tif: Add “**” in the image
7. Conclusion (said by authors on camera)

7.2. Kayla Goliwas:  Following this procedure, other methods such as in situ hybridization and immunohistochemistry can be performed on the histologic sections of surrogates to answer additional questions like RNA and protein expression.
7.3.  Kayla Goliwas: After watching this video, you should have a good understanding of how to prepare and process three-dimensional in vitro tissue surrogates and to perform surrogate analysis using H&E stained histologic sections.

Authors, please fill out the name of the author who will speak the above statement. Thank you.

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.

5.1.2- 54004Jove_5.1.2-SCREEN

5.1.3- 54004Jove_5.1.3-Screen

5.2.1- 54004Jove_5.2.1-SCREEN

5.2.2- 54004Jove_5.2.2-SCREEN

5.3.1- 54004Jove_5.3.1-SCREEN

5.3.2- 54004Jove_5.3.2-SCREEN

5.3.3- 54004Jove_5.3.3Screen

6.1.1- 54004_Frost_Figure12A.tif

6.2.1-54004_Frost_Figure12B 

6.3.1-54004_Frost_Figure12C.tif

6.3.2-54004_Frost_Figure12C.tif: Add “***”

6.4.1- 54004_Frost_Figure12D.tif

6.4.1- 54004_Frost_Figure12D.tif: Add “**”

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 are included in the email accompanying the finalized script.

( 2013, Journal of Visualized Experiments


