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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
· It involves an inverted fluorescent microscope to confirm cancer cells are green (step 2.5) and a fluorescent stereoscope to count the number of green metastases in the lungs (step 7.4). 
· Can you record movies/images using your own microscope camera? (Y/N)  
· Our inverted fluorescent microscope does not have a camera; however, we may not need to show this step and can instead show a screenshot. Alternatively, we may be able to use a departmental inverted fluorescent microscope that has a camera and take screenshots. Our fluorescent stereoscope has a camera to capture images. We will most likely be able to use the screen recording software to capture the steps using the fluorescent stereoscope and can certainly take screenshots if needed.
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) 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.
· We are working on finding out if we can use screen recording software to capture steps during the live animal imaging (step 6) with the living image software, if not we will have to submit a number of screenshots. We will be able to use screen recording software for all other data processing and analysis steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 3.5, 3.8, 3.9, 4.6, 4.7, 4.9

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Proper insertion of the needle into the lateral tail vein (steps 3.8 and 3.9) is the most difficult aspect of this procedure. Ensure the vein is dilated and align the needle so it is almost parallel to the tail, with only a slight angle. Then, gently glide the needle (bevel side up) into the tail and tail vein.

5. Will the filming need to take place in multiple locations? (Y/N)
· No, there are three areas within the same building. 
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. Also please take a headshot for John M. Lamar for the JoVE Dedicated Author Webpage.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Janine S. A. Warren: Our protocol can be used to quickly and easily test the role of any candidate gene in metastatic colonization and growth [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

1.2. Janine S. A. Warren: The protocol also allows real-time monitoring of metastasis formation and growth, as well as quantification of metastasis number and size, in the same animals without the need for sectioning or histological staining [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Albany Medical College [1].

1.3.1. Title Card
	


Section - Protocol
NOTE to videographer: Some shots will be filmed in the animal facility (part of section 3 and section 4) and some in the lab (section 2, part of section 3, and section 5). Please discuss with authors the best order to film the steps.  
Video editor, please consider using zoom bubbles to highlight the action being performed in the Screen capture videos.
2. Generation of Cancer Cells Stably Expressing Luciferase and a Fluorescent Protein
2.1. Plate 4T1 (four-T-one) cells at one hundred fifty thousand cells per well in a 12-well plate in complete growth media. Incubate at 37 degrees Celsius, 5% CO2, overnight [1-TXT]. The next day, aspirate the growth media from the cells [2].
2.1.1. Talent plates 4T1 cells. TEXT: See text for all solution recipes
2.1.2. Plate as talent aspirates the growth media.
2.2. Add 500 microliters of luciferase viral supernatant and 500 microliters of fluorescent protein viral supernatant to simultaneously infect the cells with both the luciferase and fluorescent protein viral supernatants [1]. Then, add 1 microliter of 8 milligram per milliliter hexa-di-methrine bromide [2].
2.2.1. Talent adds luciferase and fluorescent protein viral supernatant. Use labeled containers.
2.2.2. Talent adds hexadimethrine bromide. Use labeled containers.
2.3. Trypsinize the 4T1 cells with 500 microliters of trypsin [1]. After 2 to 5 minutes, transfer all the cells to a 6 centimeter dish in 4 milliliters of selection media, thereby quenching the trypsin [2]. 
2.3.1. Talent adds 500 microliters of trypsin to the cells.
2.3.2. 6-cm dish with 4 mL of selection media as talent transfers the cells there.
2.4. Confirm that the infected 4T1 cells are expressing the ZsGreen (Z-S-green) fluorescent protein using an inverted fluorescent microscope at 50 to 100x magnification.
2.4.1. Screenshot ZsGreen Cells (2.4.1).tif. TEXT: Excitation D540/25x
2.5. Also confirm that the infected 4T1 cells are expressing luciferase using a commercially available luciferase activity kit. Proceed to perform optimization of the in vivo experimental design as described in the text protocol [1].
2.5.1. Figure 2 A 4T1 Luciferase Graph Step 2.5.2.psd
3. Tail Vein Injection of Labeled Cancer Cells
3.1. Aspirate the media and rinse the cell plates with 1x PBS [1].
3.1.1. Talent aspirates media and rinses the cell plates with 1x PBS. Use labeled containers.
3.2. Trypsinize the cells with 5 milliliters of trypsin per 15-centimeter plate for 2 to 5 minutes and transfer all of the cells to a conical tube [1]. Wash remaining cells from the tissue culture dish with enough complete growth media to quench the trypsin. Add the wash to the same conical tube [2].
3.2.1. Talent transfers the trypsinized cells to a conical tube.
3.2.2. Talent adds more growth media and transfers it to the same tube.
3.3. Count the cells using an automated cell counter to determine the total cell number [1]. Next, centrifuge the cells at 122 x g for 3 minutes and aspirate the supernatant [2].
3.3.1. Talent counts the cells using an automated cell counter.
3.3.2. Talent removes the centrifuged cells from the centrifuge and begins bringing them into the tissue culture hood.
3.4. Resuspend the cells in 1x PBS at the desired concentration. Here, twenty five thousand cells are injected into each mouse in 100 microliters of PBS, so the resuspended cells are at two hundred fifty thousand cells per milliliter [1]. Keep the cell suspensions on ice until injection [2]. 
3.4.1. Talent resuspends the cells in 1xPBS. Use labeled containers.
3.4.2. Tubes as talent places the cell suspensions on ice.
3.5. Working in a hood at the animal facility, gently but thoroughly mix the cells by inverting the tube or using a 1 milliliter syringe to ensure that they are uniformly resuspended [1]. 
3.5.1. Tubes as talent gently mixes the cells in the animal facility hood. Videographer, the authors consider this shot important for visualization.
3.6. Now, load a 1 milliliter Luer-lock syringe with cell suspension and expel excess air bubbles [1]. Place a ½ inch, 30-gauge needle on the syringe with the bevel up, and expel air bubbles [2]. Gently place the mouse in a rodent restrainer [3]. NOTE: 3.6.1. – 3.6.3. filmed in one shot. 
3.6.1. Talent loads a 1 milliliter Luer-lock syringe with cell suspension and expel excess air bubbles. 
3.6.2. Talent places a ½ inch, 30-gauge needle on the syringe with the bevel up and expel air bubbles.
3.6.3. Rodent restrainer as talent gently places the mouse there. Avoid showing the rodent’s face.
3.7. The lateral tail veins should be visible and dilated. If not, gently pinch the base of the tail and dip the tail in warm tap water to dilate the veins [1].
3.7.1. ECU: Tail showing the lateral tail veins are visible and dilated. Avoid showing rodent’s face.
Videographer, 3.8-3.10, will be done by a different talent (PI: John Lamar) who has had much more practice with the injection. All of these are close-ups of the mouse tail and syringe so the change in demonstrating talent should not be obvious.
3.8. Use an alcohol wipe to clean the tail [1]. Then, insert the needle into the tail vein, bevel side up, and inject 100 microliters of cell suspension [2]. Videographer NOTE: The shots in 3.8 – 3.10 were merged into one. 
3.8.1. Tail as talent uses an alcohol wipe to clean it. Videographer and video editors, the authors consider this shot important for visualization.
3.8.2. Talent inserts it in the tail vein, bevel side up. Avoid showing the rodent’s face. Videographer and video editors, the authors consider this shot important for visualization.
3.9. If the needle is inserted properly into the vein, it should easily slide slightly forward and back, and there should not be resistance when the plunger is pushed [1]. Successful injections should also result in a “flush” in which the blue color of the vein turns white for a few seconds following the injection [2]. 
3.9.1. ECU: Needle as talent injects 100 microliters of cell suspension and the needle easily slides forward and back. Avoid showing the rodent’s face. Videographer and video editors, the authors consider this shot important for visualization.
3.9.2. ECU: Vein as the blue color turns white. Videographer and video editors, the authors consider this shot important for visualization.
3.10. Slowly remove the needle and, using a sterile gauze, apply pressure to the injection site to stop any bleeding [1]. Return the mouse to its cage and monitor for 15 minutes to ensure full recovery [2]. 
3.10.1. Talent slowly removes the needle and uses a sterile gauze to apply pressure to the injection site to stop any bleeding.
3.10.2. Talent returns the mouse to its cage.
4. Monitoring the Metastatic Burden by Bioluminescence with an in vivo Live Animal Imaging Device
4.1. Turn on the in vivo live animal imaging device, open the image software, and login [1]. 
4.1.1. Talent turns on the in vivo live animal imaging device and then opens the image software.
4.2. Click the Initialize button… [1] and wait for the machine to initialize [2]. Change the Field of View to D [3]. 
4.2.1. 4.2.1 Sreccnshot1 – Initialize (big screen).tif – Video editors, please zoom into the window in the bottom right of the screen and emphasize the “Initialize button”.
4.2.2. 4.2.1 Screenshot2 – Initializing (big screen).tif – Video editors, please stay zoomed into the window in the bottom right of the screen.
4.2.3. 4.2.1 Screenshot 3 - Filed of view D (big screen).tif – Video editors, please stay zoomed into the window in the bottom right of the screen and emphasize the dropdown menu and the “D” selection.
4.3. For first time use, edit exposure settings by clicking Edit… [1], Preferences… [2], Acquisition… [3], and Auto Exposure [4]. Change the maximum exposure time from the default 60 seconds to 300 seconds… [5] and click OK [5]. 
4.3.1. 4.3.1 Screenshot 2 - Edit (big screen).tif – Video editors, please emphasize the “Edit” pull-down menu at the top of the page.
4.3.2. 4.3.1 Screenshot 1 - Pref (big screen).tif – Video editors, please emphasize the “preferences” selection on the “Edit” pull-down menu at the top of the page.
4.3.3. 4.3.1 Screenshot 3 - 300 (big screen).tif – Video editors, please emphasize the window that appears in the middle of the screen and the “Acquisition” tab on the top of the window.
4.3.4. 4.3.1 Screenshot 3 - 300 (big screen).tif – Video editors, please emphasize the window that appears in the middle of the screen and the “Auto Exposure” tab in the window.
4.3.5. 4.3.1 Screenshot 3 - 300 (big screen).tif – Video editors, please emphasize the window that appears in the middle of the screen and the “300” highlighted at “Max”.
4.3.6. 4.3.1 Screenshot 3 - 300 (big screen).tif – Video editors, please emphasize the window that appears in the middle of the screen and the “OK” button.	
4.4. Load a 1 milliliter syringe with D-luciferin [1-TXT]. Then add a ½ inch 30-gauge needle to the syringe and expel air bubbles [2]. 
4.4.1. Talent loads a 1 mL syringe with D-luciferin. TEXT: 30 mg/mL D-luciferin in D-PBS
4.4.2. Syringe as talent adds a ½ inch 30-gauge needle to the syringe and expels air bubbles
4.5. Measure and record the mass of an anesthetized mouse [1-TXT]. 
4.5.1. Talent measures and records the mass of the anesthetized mouse. Avoid showing the rodent’s face. TEXT: See text for anesthetization 
4.6. Restrain the mouse by pinching the scruff of the neck using the thumb and pointer fingers and grasping the tail between the pinkie finger and the base of the hand [1]. Invert the mouse at a 45-degree angle, with its head pointed downward [2].
4.6.1. Talent restrains the mouse by pinching the scruff of the neck using the thumb and pointer finger and grasping the tail between the pinkie finger and base of the hand. Avoid showing mouse’s face. Videographer, the authors consider this shot important for visualization.
4.6.2. Mouse as talent inverts it downward at a 45-degree angle – avoid showing the mouse’s face. Videographer, the authors consider this shot important for visualization.
4.7. Insert the needle, bevel side up, into the mouse’s left side IP space [1-TXT]. Confirm entry into the IP space by drawing back a small volume. There should not be color at the base of the needle when drawing back in the IP space [2]. 
4.7.1. Talent inserts the needle, bevel side up, into the mouse’s left side IP space. Avoid showing the mouse’s face. Videographer, the authors consider this shot important for visualization. TEXT: IP = intraperitoneal
4.7.2. ECU: Needle as talent draws back a small volume and there is not color at the base of the needle. Videographer, the authors consider this shot important for visualization.
4.8. Inject the appropriate volume of D-luciferin for a dose of 150 milligrams per kilogram [1].
4.8.1. Talent injects D-luciferin in the mouse. Avoid showing the mouse’s face.
4.9. Immediately after D-luciferin administration, start a timer [1]. Place the mouse flat on its back in the imaging device with its nose in the nose cone and ensure that 1.5 to 2.5 percent isoflurane is being administered [2]. 
4.9.1. Talent starts a timer. Videographer, the authors consider this shot important for visualization.
4.9.2. Talent places the mouse flat on its back in the imaging device. Avoid showing mouse’s face. Videographer, the authors consider this shot important for visualization.
4.10. Click the Luminescent and Photograph boxes [1]. Change the exposure time to Auto and then click Acquire in the Acquisition Control Panel [2]/[3]. 
4.10.1. 4.10.1 Screenshot 1 - Lum (big screen).tif – Video editors, please emphasize the Luminescent and Photograph selections.
4.10.2. 4.10.1 Screenshot 2 - Aquire (big screen).tif – Video editors, please emphasize the “Acquire” button.
4.10.3. 4.10.1 Screenshot 3 - Aquiring (big screen).tif
4.11. After imaging, return the mouse to its cage and monitor for 15 minutes to ensure full recovery [1].
4.11.1. Recovered mouse moving around the cage.
5. Quantification of the Number and Size of Metastases and Analysis of the Imaging Data 
5.1. Following euthanasia as described in the text protocol, isolate and remove the lungs from each mouse and rinse in 1x PBS to remove excess blood [1].
5.1.1. Removed lungs as talent rinses it with 1x PBS.
5.2. Acquire images of ZsGreen metastases in the lobes at 10x in bright field and fluorescence using a fluorescent stereoscope with a GFP wideband filter [1-TXT]. 
5.2.1. Talent acquires the images of ZsGreen metastases in the lobes on the fluorescent stereoscope. TEXT: Excitation 470/40x 
5.3. Use image analysis software to quantify the size and number of metastases from the images [1].
5.3.1. Talent works on a computer with the analysis software.
5.4. To process and analyze the data from the images acquired with the in vivo live animal imaging device, open all image files for each mouse in the image software [1].
5.4.1. MED-over the shoulder: Talent opens the image files. 
5.5. Ensure the units are in Radiance for bioluminescent data and Efficiency for fluorescent data by clicking the arrow at the top left of the image window and changing it to the appropriate unit [1]. 
5.5.1. 5.4-5.8 Screencapture video.mp4 – Video editors, please show 0:01-0.04. Freeze frame to cover narration. 
5.6. Use the image from the last timepoint to create a region of interest, or ROI by first clicking ROI Tools in the Tool Palette window. Then, insert one ROI by clicking the arrow and selecting 1 [1].
5.6.1. 5.4-5.8 Screencapture video.mp4 – Video editors, please show 0:05-0.08. Freeze frame to cover narration. 
5.7. Click the border of the ROI and move it over the chest of the mouse. Adjust the size of the ROI so it covers the chest of the mouse and does not exclude signal [1]. 
5.7.1. 5.4-5.8 Screencapture video.mp4 – Video editors, please show 0:09-0.14. Freeze frame to cover narration.
5.8. Then, click measure ROIs and copy or type the raw number into an excel sheet. Plot and analyze the data as described in the text protocol [1].
5.8.1. 5.4-5.8 Screencapture video.mp4 – Video editors, please show 0:15-0.27. 
5.9. Right click in the image file to copy the ROI. Then, paste it into image files from the other time points and click measure ROIs [1].
5.9.1. 5.4-5.8 Screencapture video.mp4 – Video editors, please show 0:28-0.40. 





Section – Results
6. Results: YAP and TAZ are Required for Metastatic Colonization and Subsequent Growth of Breast Cancer Cells in Syngeneic Mice 
6.1. Retroviral vector expressing tandem miR30-based shRNAs (meer-thirty-based S-H-R-N-A) targeting both YAP (yap) and TAZ (taz) reduces YAP and TAZ [1] protein expression [2] and transcriptional activity in 4T1 cells [3]. 
6.1.1. Figure 4A & B Step 6.1.psd
6.1.2. Figure 4A & B Step 6.1.psd – Video editors, please emphasize the image on the left side of the figure.
6.1.3. Figure 4A & B Step 6.1.psd – Video editors, please emphasize the image on the right side of the figure.
6.2. 4T1-Luciferase cells were stably transduced with a ZsGreen-expressing version of [1] this tandem YAP/TAZ shRNA vector… [2] or a control miR30-based shRNA [3].
6.2.1. Figure 4C Step 6.2.psd 
6.2.2. Figure 4C Step 6.2.psd – Video editors, please emphasize the image on the right side of the figure.
6.2.3. Figure 4C Step 6.2.psd – Video editors, please emphasize the image on the left side of the figure.
6.3. Bioluminescent images show that the rate at which metastatic burden increased [1] was significantly faster in the mice injected with control cells [2] compared to the mice injected with YAP/TAZ knockdown cells [3]. 
6.3.1. Figure 4D & E Step 6.3.psd
6.3.2. Figure 4D & E Step 6.3.psd – Video editors, please emphasize the images across the top of the figure.
6.3.3. Figure 4D & E Step 6.3.psd – Video editors, please emphasize the images across the bottom of the figure.
6.4. A plot of the log10 (log-ten) transformed luciferase signal measured for each mouse over the course of the experiment also shows that the rate [1] was faster in the mice injected with control cells [2] compared to the mice injected with YAP/TAZ knockdown cells [3].
6.4.1. Figure 4F Step 6.4.psd 
6.4.2. Figure 4F Step 6.4.psd – Video editors, please emphasize the blue line plots.
6.4.3. Figure 4F Step 6.4.psd – Video editors, please emphasize the red line plots.
6.5. Significantly fewer metastases formed in the mice injected with YAP/TAZ knockdown cells… [1] compared to mice with control cells when counted manually [2].  
6.5.1. Figure 5A & 5B (flattened) Step 6.5.1.psd - Video editors, please emphasize the microscope images labeled as “sh- mYAP1/mTAZ6” and the plot column labeled as “sh-mYAP1/mTAZ6.”
6.5.2. Figure 5A & 5B (flattened) Step 6.5.2.psd - Video editors, please emphasize the microscope images labeled as “sh-Control” and the plot column labeled as “sh-Control.”
6.6. The same trend was observed when using the image analysis software [1]. 
6.6.1. Figure 5C Step 6.6.1.psd
6.7. Not only did many more metastases form in the control mice, but they were generally larger [1]. 
6.7.1. Figure 5E Step 6.7.1.psd - Video editors, please emphasize the blue dots.
6.8. Consistently, the metastatic burden in the lungs was also drastically reduced by YAP/TAZ knockdown [1]. 
6.8.1. Figure 5D Step 6.8.1.psd




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Janine S. A. Warren: Successful injection of equal numbers of healthy cells into each mouse is critical to ensure high quality data [1]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera. Video editor – Broll suggestion 3.9.1
7.2. Janine S. A. Warren: Remember to use caution and follow safety guidelines when working with infectious retroviruses and lentiviruses, particularly if the viruses are human infectious [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera
7.3. Janine S. A. Warren: This technique has allowed us to elucidate the roles of candidate genes in metastatic colonization and growth, providing a way to identify and test novel therapeutic targets for the treatment of metastatic disease [1].  

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
7.4. Janine S. A. Warren: Following this procedure, metastasis-containing lungs can be further analyzed by immunofluorescent or histological staining to investigate how the altered gene is influencing metastasis and identify other proteins that may be involved [1].

7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking towards camera.
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