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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.5., 3.2., 3.6., 3.10.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.6. we employ tail-vein injection experts to make sure the successful tumor cell injection
3.10. we make sure the lungs become entirely pale after lung perfusion
E. Will the filming need to take place in multiple locations? Y, same building different floors
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 short-term lung colonization assay is to evaluate the ability of intravenously-inoculated circulating tumor cells to colonize the lungs. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Li-Hsin Cheng: This method can help answer key questions in the cancer metastasis field about the role of lung colonization in accomplishing cancer metastasis. 
1.2. Li-Hsin Cheng: The main advantage of this technique is that early extravasated cancer cells can be visualized in the lungs during cancer metastasis.  

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Hung-chi Cheng: Demonstrating the procedure will be Cheng-Han Yang, a PhD 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.
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at National Cheng Kung University.
Protocol: (read by voice talent at JoVE)
2. Tumor Cell Recovery
2.1. When the tumor cell culture has reached 70-80% confluence, wash the culture two times in 2 mL of sterile PBS per wash [1-WIDE] and add 1 mL of 0.05% trypsin-EDTA to the culture dish [2-MED-TXT].

2.1.1. Talent washing cells, with PBS container visible in frame 

2.1.2. Talent adding trypsin-EDTA to plate, with trypsin-EDTA container visible in frame (TEXT: See text for all medium/reagent preparation details)
2.2. Immediately remove 800 microliters of the supernatant [1-CU] and place the culture dish at 37 °C for 30-60 seconds until the majority of the cells have detached from the plate [2-MED].

2.2.1. Supernatant being removed

2.2.2. Talent placing dish at 37 °C

2.3. Add 1 mL of fresh medium supplemented with 10% FBS [1-MED-over the shoulder] to stop the reaction and use a 1000 microliter pipette to vigorously mix the cell solution [2-CU].
2.3.1. Talent adding medium to plate, with medium container visible in frame
2.3.2. Cells being mixed
2.4. Transfer the resulting single cell suspension into a 1.5-mL microcentrifuge tube [1-MED] and collect the cells by centrifugation [2-MED-over the shoulder-TXT].
2.4.1. Talent adding cells to tube
2.4.2. Talent adding tube(s) to centrifuge (TEXT: 3 min, 162 x g, RT)
2.5. Then resuspend the tumor cell pellet in 1.5 mL of medium supplemented with 20% FBS [1-MED] and end-over-end rotate the cells for 2 hours at 37 °C [2-CU-TXT].
2.5.1. Talent resuspending cells in FBS, with FBS container visible in frame
2.5.2. Tube rotating end-over-end (TEXT: Exchange any yellow supernatant w/ fresh medium)
3. Fluorescent Labeling and Lung Colonization
3.1. At the end of the incubation, count the viable cells by trypan blue exclusion [1-WIDE] and collect them by centrifugation [2-MED-over the shoulder].

3.1.1. Talent counting cells, with hemocytometer visible in frame

3.1.2. Talent placing tube(s) into centrifuge

3.2. Resuspend the pellet in 1 mL of sterile PBS for a second centrifugation [1-MED] and resuspend the pellet in 500 microliters of PBS supplemented with 10% FBS and 20 micromolar CFSE [2-CU].

3.2.1. Talent adding PBS to cells, with PBS container visible in frame

3.2.2. CFSE being added to cells, with CFSE container label visible in frame

3.3. After 10 minutes at 37 °C in the dark, centrifuge the cells [1-MED] and resuspend the pellet in 4 mL of medium supplemented with 1% FBS for another centrifugation [2-CU-TXT],

3.3.1. A. [Added shot]: talent placing tube(s) in the dark at 37°C (Editor: The way this is written, this shot shouldn’t be necessary. However, if the centrifugation shot is too short to cover the VO, feel free to use this during “After 10 minutes at 37 °C in the dark…”)
3.3.1. Talent adding tube(s) to centrifuge

3.3.2. A. [Added shot]: shot of cell pellet that presents the fluorescent green color. (Editor: This shot is not necessary and can be omitted. However, if the shot 3.3.2 is not long enough to cover the VO here, feel free to use this shot at the beginning of the sentence)
3.3.2. Pellet being resuspended, with medium container label visible in frame
(TEXT: Repeat medium wash x3)
3.4. After the last wash, resuspend the cells to a 5 x 106 tumor cells/mL of fresh medium [1-MED] without FBS concentration and place the cells on ice [2-CU].

3.4.1. Talent adding medium to cells, with medium container visible in frame

3.4.2. Tube(s) being placed onto ice

3.5. Next warm the tail of 4-6-week-old male C57BL/6 mouse for 5-10 minutes to dilate the tail veins [1-MED] and use a 1 mL syringe equipped with a 26-gauge ½ needle to thoroughly mix the cells until a single cell suspension is achieved [2-CU].
3.5.1. Talent warming mouse tail
3.5.2. Cells being mixed
3.6. Carefully load the syringe with 200 microliters of cells [1-MED] and place the mouse in a restrainer [2-CU].
3.6.1. Talent loading syringe
3.6.2. Tail being pulled out of end of strainer (Videographer: Please show only end of mouse in restrainer/do not show mouse struggling in restrainer)
3.7. Then inject the entire volume of cells into the lumen of a dilated tail vein [1-CU-TXT].
3.7.1. Cells being injected (TEXT: Repeat for x5 mice)
3.8. At the appropriate post-injection time point, make a longitudinal skin and subcutaneous tissue incision [1-CU-TXT] from the abdomen to the chest and open the pleural cavity to expose the heart and lungs [2-ECU].
3.8.1. Incision being made (TEXT: Euthanasia: anesthesia + asphyxiation)
3.8.2. Shot of heart and lungs  
3.9. Using sterile surgical sutures, ligate the superior and inferior vena cavas to prevent the backflow of the perfusion solution [1-CU] and use scissors to make a 2-4 mm fissure in the left ventricle to facilitate draining of the perfusate from the lungs [2-CU].

3.9.1. Suture being placed/shot of placed sutures

3.9.2. Fissure being made

3.10. Then use a 3-mL syringe to inject PBS into the right ventricle [1-ECU] and use continuous suction to remove the drained solution until the lungs change from a reddish color to completely pale [2-CU].
3.10.1.  PBS being injected [Shots 3.10.1 and 3.10.2 combined] (Author Comment: Editor: Steps 3.10.1 and 3.10.2 occurred simultaneously) (Editor: I’m not sure what the footage will show, but it looks like these are not two discrete actions that need to be shown in time with the VO, but instead is one step with several actions taking place at once)
3.10.2.  Suction being applied/drained solution being removed

3.11. “Take care to secure the superior and inferior vena cavas properly for a successful lung perfusion.” [1-MED-interview style]
3.11.1.  Tsung-cheng Lin, speaking the above interview style (looking just off-camera)
4. Confocal Microscopic Imaging 
4.1. After harvesting the lungs, place the lobes in a custom-made lung holder in a 6-cm dish [1-WIDE-TXT] and secure the lungs onto the reticulate texture of the holder [2-CU].

4.1.1. Talent placing lobes onto holder (TEXT: See text for lung holder preparation details)

4.1.2. Lungs being secured

4.2. Cover and moisten the lobes with PBS [1-CU] and place the culture dish on the imaging stage of a confocal microscope [2-MED].
4.2.1. Lungs being moistened
4.2.2. Talent placing dish onto microscope stage
4.3. Select the 5X objective [1-CU] … and rotate the filter wheel to NIBA [1-MED-TXT].
4.3.1. 5X objective being selected
4.3.2. Talent rotating filter wheel (Videographer: (TEXT: i.e. excitation/emission; 470-495 nm/510-550 nm)
4.4. Using a 488-nm laser, excite the CFSE to allow a clear visualization of the fluorescently-labeled tumor cells within the lung lobes [1-LM].
4.4.1. *To be provided by Authors: Image of CFSE+ tumor cells Screen capture video for choosing 488nm laser. (Author Comment: Editor: Since the image originally to be provided here is the same as that for step 4.6.1, we simply provide here a screen capture video that demonstrates how we choose 488nm laser but not the same image as in step 4.6.1.)
4.5. Rotate the filter wheel to R690 (R-six-ninety) to scan with a 2 microseconds/pixel scanning speed [1-CU] and optimize the high voltage, gain, and offset levels [2-MED-over the shoulder].
4.5.1. Filter wheel being rotated

4.5.2. Talent at microscope computer, optimizing HV, gain, and offset levels

4.6. Then capture 512 x 512-pixel fluorescent images using a 10 microsecond/pixel scanning speed [1-LM].
4.6.1. *To be provided by Authors: Representative 512 x 512-pixel fluorescent image
5. Results: Representative Lung Colonization Analyses
5.1. Using the staining method as just demonstrated, the tumor cells are effectively labeled with CFSE in a dose-dependent manner [1-LM], with the fluorescence intensity of the labeling almost reaching a plateau in 6 x105 Lewis lung carcinoma cells/mL at the 20 micromolar concentration [2-LM].
5.1.1. Authors: please upload the graph from Figure 1B through the submission link as its own .ai or .psd file without the B label: please subsequently emphasize concentrations and corresponding color lines in Figure key
5.1.2. Authors: please upload the graph from Figure 1C through the submission link as its own .ai or .psd file without the C label: please emphasize 20 micromolar data point
5.2. Lung perfusion before harvest as just demonstrated clears the lung vasculature of non-specifically trapped circulating tumor cells prior to imaging analysis [1-LM].
5.2.1. Authors: please upload the images in Figure 2 together in a new unflattened .ai or .psd (or without the arrows and star labels) through the submission link: please emphasize white lung tissue in right image
5.3. Fluorescence confocal microscopy reveals the presence of the colonizing CFSE-labeled tumor cells within the harvested and perfused lung lobes [1-LM].
5.3.1. Authors: please upload the image from Figure 3C through the submission link as its own .ai or .psd file without the C label: please emphasize at least one/some bright green tumor cells
5.4. Using an appropriate image analysis software program to convert the fluorescent images to black-and-white facilitates quantification of the lung colonization [1-LM].

5.4.1. Authors: please upload the image from Figure 3D through the submission link as its own .ai or .psd file without the D label: please emphasize at least one/some black tumor cell
5.5. Intravenous delivery of fibronectin-expressing or scrambled fibronectin-expressing Lewis lung carcinoma cells demonstrates a significantly lower number of fibronectin-expressing cells in lung tissue harvested 38 and 45 hours after injection [1-LM], underscoring the role for fibronectin in lung lobe colonization [2-LM] and tumor development [3-LM].
5.5.1. Authors: please upload the graph from Figure 4B as its own .ai or .psd file without the brackets, asterisks, n.s text, or B label through the submission link: please add brackets and asterisks as in original Figure 4B
5.5.2. Authors: please upload the image and graph from Figure 5 through the submission link together in one unflattened .ai or .psd file OR without the A or B labels or the bracket and asterisks through the submission link: please add bracket and asterisks as in original Figure 5B
5.5.3. Figure 5: please indicate round tumors in lung tissues in left image
6. Conclusion (said by authors on camera): 
6.1. Hung-chi Cheng: While attempting this procedure, it’s important to remember to carefully perfuse the lungs so that the unattached cells can be washed away.

6.2. Hung-chi Cheng: After its development, this technique paved the way for researchers in the field of cancer metastasis to explore lung colonization by circulating tumor cells in a mouse xenograft model [1-LM].
6.2.1. Can use 4.4.1. for transition as necessary
6.3. Hung-chi Cheng: After watching this video, you should have a good understanding of how to fluorescently-label tumor cell suspensions, intravenously-inoculate the tumor cells, perfuse mouse lungs, and use confocal fluorescence microscopy to image the metastasized tumor cells.  

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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 the filenames of all the media to be included into the video here.
4.4.1. screen capture video for choosing 488nm laser
4.6.1 Representative 512 X 512 pixlfluorescent image
5.1.1 Figure 1B_ emphasize conc and color line
5.1.2 Figure 1C_ emphasize 20um data point
5.2.1 Figure 2_ emphasize white lung
5.3.1 Figure 3C_ emphasize green tumor cell
5.4.1 Figure 3D_ emphasize black tumor cell
5.5.1 Figure 4B_add bracket,asterisks
5.5.2 and 5.5.3 Figure 5_ add bracket ,asterisk and indicate tumor in left image

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 in the email accompanying the finalized script.
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