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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of 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 your protocol will viewers benefit most from having filmed? 2.4.-2.16.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.8.-2.10., we have been properly trained in doing those steps and have successfully done multiple experiments using this technique.  
E.  Will the filming need to take place in multiple locations? Y, different rooms same floor
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 procedure is to visualize dynamic tumor cell-stroma interactions within lung metastases. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Vicki Plaks: This method can help answer key questions in the cancer metastasis field, such as how are metastases established and what cell types within the microenvironment are involved in this process? 
1.2. Vicki Plaks: The main advantage of this technique is that it is a fast, easy method for ex vivo lung imaging that enables live cell visualization for at least 4 hours.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Niwen Kong: This technique may help further our understanding of the mechanisms of action of various targeted therapeutics for the treatment of lung metastases.
1.4. Renske J.E. van den Bijgaart: We first had the idea for this method when we were examining metastases by lung section imaging and were struggling with extensive cell death as a result of the procedure.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee of the University of California, San Francisco.
Protocol (read by voice talent at JoVE):
Section 2 is primarily one take only shots for each scene where dissection is involved and in some case  (2.12.1/2.12/2 and 2.16.1/2.16.2 ) had to be combined shots.  Since the majority of these shots were CU's it was best to keep the same frame for most of the them in order to keep the hand action free of the shot.  A second take was done with another mouse but some of these shots were ganged together just as a back up but a few were separate slated shots  to get a better shot of the trachea cutting (2.7.1)  and needle insertion ( 2.8.1) and the lung inflation (2.10.1)after adipose injection.
2. Lung preparation for ex vivo live imaging
2.1. To prepare the lungs for ex vivo live imaging, begin by immobilizing the mouse on a polystyrene foam lid covered with a piece of soaker [2.1.1.-WIDE-TXT] and sterilize the animal with 70% ethanol [2.1.2.-CU].
2.1.1. Few seconds Talent arranging mouse on pad (TEXT: Euthanasia: Lethal anesthetic overdose)
2.1.2. Few seconds mouse being sprayed with ethanol, with ethanol container label visible in frame if possible
2.2. Next, using surgical scissors, make a transverse epigastric incision through the skin [2.2.1.-CU], followed by a similar incision through the peritoneum [2.2.2.-CU].
2.2.1. Few seconds incision being made through skin

2.2.2. Few seconds incision being made through peritoneum
2.3. Then, moving the dissection board into a vertical position [2.3.1.-MED], cut the descending aorta so that the blood pools into the abdomen and not into the chest cavity [2.3.2.-CU].
2.3.1. Few seconds Talent moving board into vertical position (Videographer: If possible, get Talent and board but with as little of mouse as possible)

2.3.2. Last few seconds of aorta being cut then first few seconds of blood pooling in abdomen

2.4. Snip a small opening in the diaphragm to release the vacuum [2.4.1.-CU]. Then cut along the ribcage to excise the diaphragm [2.4.2.-CU] and to visualize the lungs [2.4.3.-CU]. 
2.4.1. Few seconds opening being snipped
2.4.2. Few seconds cutting along at least one rib 
2.4.3. Shot of lungs
2.5. Using surgical scissors, cut the skin up to the trachea over the ribcage, leaving the ribs intact [2.5.1.-CU].
2.5.1. Few seconds skin being incised
2.6. Then separate the skin from the ribcage [2.6.1.-CU] and remove the surrounding connective tissue to expose the trachea, taking care not to damage the trachea itself [2.6.2.-CU].
2.6.1. Few seconds skin being separated
2.6.2. Few seconds connective tissue being removed 
2.7. Snip a small opening approximately 1 mm in diameter in the exposed trachea parallel to the cartilaginous rings as close to the larynx as possible without cutting completely through the trachea [2.7.1.-CU].
2.7.1. Few seconds opening being created (Videographer: Please indicate larynx when mentioned if possible/appropriate) 
2.8. Then gently insert a 20 gauge needle 4-5 mm into the trachea without any counter force [2.8.1.-CU]; the end of the needle should be visible through the trachea [2.8.2.-CU].

2.8.1. Few seconds needle being inserted

2.8.2. If possible, shot of fully inserted needle with end visible through trachea

2.9. Fill a syringe with 400 microliters of 37°C 2% low-melting-temperature agarose [2.9.2.-MED] and then stabilize the needle with forceps [2.9.1.-CU].
Move step 2.9.2 above step 2.9.1
2.9.1. Few seconds needle being stabilized

2.9.2. Few seconds Talent filling syringe with agarose, with agarose container label visible in frame if possible 
2.10. Keeping the dissection board vertical, slowly instill the entire quantity of warm agarose through the needle into the lungs [2.10.1.-CU-TXT].
2.10.1. Few seconds lungs being inflated (TEXT: Caution: Do not over-inflate!) 

2.11. Once the lungs are inflated, detach the syringe while keeping the needle inside the trachea [2.11.1.-CU] and pour approximately 50 ml of 20°C PBS (Pronounce "P-B-S") over the lungs to help set the agarose [2.11.2.-CU].
2.11.1. Few seconds syringe being detached
2.11.2. Few seconds PBS being poured over lungs, with PBS  container label visible in frame if possible
2.12. When the agarose has solidified, remove the needle [2.12.1.-CU] and use forceps to close the trachea to prevent the leakage of any non-solidified agarose [2.12.2-CU].
2.12.1. *Film as written

2.12.2. Few seconds trachea being closed

2.13. Now open the chest further by sternotomy [2.13.1.-CU] and grasp the trachea with forceps [2.13.2.-CU]. Then, using a pair of surgical scissors, cut through the trachea completely [2.13.3.-CU].
2.13.1. Few seconds chest being opened

2.13.2. *Film as written (Videographer: Combine 2.13.2. and 2.13.3. as necessary)

2.13.3. Few seconds trachea being cut (Videographer: Combine 2.13.2. and 2.13.3. as necessary)
2.14. To remove the lungs, gently pull the trachea up [2.14.1.-CU], cut away the connective tissue and esophagus [2.14.2.-CU], and pull the lungs completely out of the chest cavity [2.14.3.-CU].
2.14.1. *Film as written (Videographer: Combine 2.14.1. and 2.14.2. as necessary)

2.14.2. Few seconds tissue being cut (Videographer: Combine 2.14.1. and 2.14.2. as necessary)

2.14.3. Few seconds lungs being removed
2.15. [2.15.1.-CU] Immerse the tissue in 37°C RPMI-1640 (Pronounce "R-P-M-I- 16 - 40") to wash off the excessive blood [2.15.2.-CU].
2.15.1. Few seconds tissue being removed
2.15.2. Few seconds tissue being immersed, with RPMI-1640 container label visible in frame 
2.16. Using scissors and forceps, cut the lobe’s main stem bronchus at the hilum [2.16.1.-CU] and gently separate the lung lobes [2.16.2.-CU]. 
2.16.1. *Film as written

2.16.2. *Film as written
2.17. Transfer the lobes into one well of a 24-well imaging plate, flat surface down [2.17.1.-CU], and cover the tissue with 100 microliters of 37°C RPMI-1640 [2.17.2.-CU].
2.17.1. *Film as written
2.17.2.  Few seconds tissue being covered with medium, with medium container label visible in frame if possible
2.18. Place several 15 mm circular microscope cover slides on top of the lobes to prevent them from floating [2.18.1.-CU] and pour warm PBS into the surrounding wells to prevent the medium from evaporating [2.18.2.-CU].
2.18.1. *Film as written

2.18.2. PBS being poured into at least one well, with PBS container label visible in frame
2.19. Then insert the 24-well plate into the climate chamber [2.19.1.-CU-TXT] and transfer the chamber to the confocal microscope stage [2.19.2.-MED].
2.19.1. Few seconds plate being placed into chamber (TEXT: Equilibrate chamber to 37°C 5% CO2)
2.19.2. Few seconds Talent placing chamber onto stage
(NOTE: We filmed this step in two ways. We first filmed it with the climate chamber already on the confocal microscope stage . If this set is chosen please say following: 

2.19B Then insert the 24-well plate into the climate chamber in the confocal microscope stage [2.19.1.-CU-TXT] [2.19.1.-MED].
      2.19.1 Few seconds plate being placed into chamber (TEXT: Equilibrate chamber to 37°C 5% CO2)

      2.19.2 Few seconds Talent placing chamber onto stage)
3. Image acquisition and analysis
3.1. To acquire and analyze images of the lung tissue, begin by opening the appropriate image acquisition software [3.1.1.-WIDE]; here Zen is used [3.1.2.-MED-over the shoulder].

3.1.1. Talent approaches computer, sits down

3.1.2. Few seconds Talent at computer, opening Zen program

3.2. Click on the ‘Locate’ tab, and choose the appropriate objective in the ‘Light Path’ tool [3.2.1.-SCREEN]. Then click on ‘Eyes – DAPI (Pronounce as one word, rhymes with "happy")’ to view the CFP (Pronounce “C-F-P") channel through the eyepiece [3.2.2.-SCREEN] and use the microscope to manually localize the sample [3.2.3.-MED].
3.2.1. *To be provided by Authors

3.2.2. *To be provided by Authors 

3.2.3.  Few seconds Talent at microscope, moving stage to find sample, with sample moving on computer monitor also in frame if possible
3.3. When the tissue is centered in the field of view, click ‘All Off’ [3.3.1.-SCREEN]; then click on the ‘Acquisition’ tab to set all of the parameters for the image acquisition [3.3.2.-SCREEN].
3.3.1. *To be provided by Authors

3.3.2. *To be provided by Authors 

3.4. In the ‘Channels’ tool, click the ‘plus’ button [3.4.1.-SCREEN] and search for the dyes used to stain the sample in the ‘Dye Database’ of the pop-up menu [3.4.2.-SCREEN].
3.4.1. *To be provided by Authors

3.4.2. *To be provided by Authors 

3.5. Select the appropriate dye and click ‘Add’ [3.5.1.-SCREEN].
3.5.1. *To be provided by Authors
3.6. Then, in the ‘Acquisition Mode’ menu, set the ‘Binning’ to 5x5 [3.6.1.-SCREEN].
3.6.1. *To be provided by Authors 
3.7. Double click on ECFP (Pronounce: “E-C-F-P”) in the channels menu to select the ECFP laser [3.7.1.-SCREEN]. Then lower the laser power to 20% so the sample will not be bleached while setting up the microscope parameters [3.7.2.-SCREEN].
3.7.1. *To be provided by Authors

3.7.2. *To be provided by Authors  

3.8. In the ‘Experiment Manager’ section, check the ‘Tiles’ box [3.8.1.-SCREEN]; the tiles tool will appear in the ‘Multidimensional Acquisition’ tool group [3.8.2.-SCREEN].
3.8.1. *To be provided by Authors

3.8.2. *To be provided by Authors 
3.9. Click on the ‘Advanced Setup’ button to view the live image from the camera [3.9.1.-SCREEN]. Then click on the ‘Add’ button in the ‘Positions’ section to add 4-6 positions to the experiment [3.9.2.-SCREEN].
3.9.1. *To be provided by Authors

3.9.2. *To be provided by Authors 

3.10. In the ‘Acquisition Parameter’ tool group, open the ‘Focus Strategy’ tool [3.10.1.-SCREEN] and select the ‘Absolute Fixed Z-position’ from the dropdown list [3.10.2.-SCREEN].
3.10.1. *To be provided by Authors

3.10.2. *To be provided by Authors 

3.11. Check the Z-Stack box in the ‘Experiment Manager’ section [3.11.1.-SCREEN]; the Z-Stack tool will appear in the ‘Multidimensional Acquisition’ tool group [3.11.2.-SCREEN].
3.11.1. *To be provided by Authors

3.11.2. *To be provided by Authors 
3.12. Click on ‘Live’ [3.12.1.-SCREEN]. Manually set the first and last positions of the imaging field, setting the interval at 4 micrometers [3.12.2.-SCREEN].
3.12.1. *To be provided by Authors

3.12.2. *To be provided by Authors 

3.13. Next, check the ‘Time Series’ box in the ‘Experiment Manager’ section [3.13.1.-SCREEN]. In the ‘Time Series’ tool that appears in the ‘Multidimensional Acquisition’ tool group, set the desired ‘Duration’ and ‘Interval’ [3.13.2.-SCREEN].
3.13.1. *To be provided by Authors

3.13.2. *To be provided by Authors
3.14. In the ‘Acquisition Mode’ menu, set the ‘Binning’ to 2x2 [3.14.1.-SCREEN] and select the appropriate fluorophore in the ‘Channels’ menu by double clicking [3.14.2.-SCREEN]. 
3.14.1. *To be provided by Authors

3.14.2. *To be provided by Authors

3.15. Now return the laser power to 100% [3.15.1.-SCREEN], select ‘Live’ [3.15.2.-SCREEN] and adjust the ‘Exposure Time’ [3.15.3.-SCREEN-TXT].

3.15.1. *To be provided by Authors

3.15.2. *To be provided by Authors

3.15.3. *To be provided by Authors (TEXT: Repeat for each fluorophore)
3.16. Check the ‘Enable Auto Save’ box [3.16.1.-SCREEN], select a folder [3.16.2.-SCREEN] and enter the name of the file [3.16.3.-SCREEN-TXT]. 
3.16.1. *To be provided by Authors

3.16.2. *To be provided by Authors

3.16.3. *To be provided by Authors (TEXT: Save all acquired images in folder) 
3.17.    Finally, click on ‘Start Experiment’ in the ‘Experiment Manager’ section. 
4. Results: Ex vivo live imaging of representative murine lung tissues
4.1. In this experiment with lung tissue from a triple transgenic mouse, large, multicellular lung metastases can be easily resolved [4.1.1.-LM], as they appear as a bulk of cells within the organized lung structure [4.1.2.-LM].

4.1.1. Movie 1.mov: no animation
4.1.2. Movie 1.mov: please outline/indicate large blue cluster of cells in center of image field

4.2. Mobile myeloid cells can be visualized throughout the imaging field, with a greater abundance of migratory cells observed within the lung parenchyma [4.2.1.-LM] compared to the myeloid cells in close contact with the lung metastasis [4.2.2.-LM]. 
4.2.1. Movie 1.mov: please indicate some moving green cells in outer perimeter of image field
4.2.2. Movie 1.mov: please indicate some moving green cells closer to/within large blue cluster in center of image field
4.3. In this experimental metastasis model, two weeks after tumor cell seeding, the tumor cells can be easily distinguished from the lung parenchyma as round cells expressing a brighter EGFP signal [4.3.1.-LM] than the surrounding lung tissue [4.3.2.-LM].

4.3.1. Movie 2.mov: please indicate some/one bright green cells in center of image field
4.3.2. Movie 2.mov: please outline/indicate paler green “cloud” in center of image field

4.4. Cellular interactions between metastatic and immune cells in the lung microenvironment can also be examined using the experimental metastasis model. For example, these Gr1+ (Pronounce “G-R- 1 positive", it is the numerical 1 not a letter l.)  cells can be observed interacting with a seeded tumor cell [4.4.1.-LM].
4.4.1. Movie 3.mov: please indicate/outline light green cells on left side of image field
4.5. Over time, the myeloid cells will be recruited to the metastatic lesion [4.5.1.-LM].

4.5.1. Movie 3.mov: please indicate bright green cell cluster on right side of image field
4.6. Reporter transgenic mouse models can be combined with the experimental metastasis model as well as antibodies against immune cells. Note the Gr1+ cells migrating vigorously within the field of view of this movie [4.6.1.-LM], while a single GFP+ (Pronounce “G-F-P  positive”) metastatic cell is observed at the center of the imaging field [4.6.2.-LM]. 
4.6.1. movie 4.mov: please indicate some/one white cells moving throughout perimeter of image field
4.6.2. movie 4.mov: please indicate single immobile green cell in almost exact center of image field
5. Conclusion (said by authors on camera)
5.1. Renske J.E. van den Bijgaart: Once mastered, if it is performed properly, this technique can be used to reliably image lung metastases in half an hour.

5.2. Renske J.E. van den Bijgaart: While attempting this procedure, it’s important to remember to watch as the lungs are filled to prevent their rupture from over-inflation. 
1.6. Renske J.E. van den Bijgaart: Though this method provides insights into lung metastases, it can also be applied to the examination of other lung cancer conditions that involve immune and stromal cells within the lung microenvironment.
5.3. Renske J.E. van den Bijgaart: After watching this video, you should have a good understanding of how to perform ex vivo live imaging and to visualize the dynamic interactions between tumor cells and their surrounding stroma within lung metastases. 

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.  

Movie 1.mov
Movie 2.mov

Movie 3.mov

movie 4.mov
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.
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