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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) NO
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) YES
C.  Location: Will the filming need to take place in multiple locations? (Y/N) 

YES  3rd floor and Basement of contiguous buildings (accessible by elevator).  Basement is a restricted animal facility. 

D. Surgery: Does your protocol involve a surgery that during which there will be very little opportunity for our videographer to pause the action so that we can briefly introduce cue cards?  (Y/N)

It is not a surgery per se, but involves some steps lasting 5-10 min which cannot be paused. Moreover, animals will be sedated for a specific amount of time (up to 1 hour). Cue cards could be introduced within these constraints.

E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
2.5, 2.6, 2.7, 2.8, 3.1, 3.2 
F.  What is the single most difficult aspect of this procedure and what do you do to ensure success?

2.7 and 2.8 are the most difficult steps. To ensure success in the filming session we can fill the catheter with 10ul of PBS. 

1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to increase the efficiency of transplanting tumor initiating lung cancer cells into the airways of mice. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Don Nguyen: This method can help establish new pre-clinical models, in order to answer key questions in cancer biology, including the causes of drug resistance and relationship between fibrosis and lung cancer. 

1.2. Anna Arnal-Estapé Don Nguyen: The main advantage of this technique is that it increases the transplantation efficiency of tumor initiating cells into the lungs of a variety of mouse strains.
1.3. Laura Stevens: The implications of this technique extend toward therapy, because it enables us to model a greater variety of human lung cancer subtypes, known to have different clinical responses to treatment.
E.  Ethics title card:
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at (Yale School of Medicine).

Protocol: (read by voice talent at JoVE)
2. Bleomycin and Cell Bolus Treatment
2.1. For this protocol,  the mice must be first injected with bleomycin. [1.WID] Then, after 14 days, the tumor cells are injected. [2.MED] The procedure for both injections is very similar and described here.  [3.WID-TXT]
2.1.1. Talent taking bleomycin stock out of storage or taking cells out of incubator
2.1.2. Detail of bleomycin stock on ice and cell suspension, both on bench for comparison (Author Comment: This step was filmed in separate frames, since injection of these two reagents do not coincide in time.) (Editor: I’m not sure how they split this, or what’s in each shot. Since it’s just two injection shots, we may not need to show both)
2.1.3. Talent arriving to bench with mice in cage, TEXT: Preparations are covered in the text protocol.
2.2. Two hours prior to the injection, thaw the bleomycin stock on ice [1.MED] and dilute it to the working concentration. Keep it on ice. [2.CU-TXT] For a cell bolus, have a cell suspension prepared as described in the text protocol.  [3.MED]
2.2.1. Talent checking the bleomycin, then taking an aliquot
2.2.2. Adding aliquot to tube, then adding vehicle solution and mixing, TEXT: 0.02 - 0.005 U bleomycin / 50 μL 
2.2.3. Any representative action of preparing cells, such as the trypsinization step
2.3. The procedure time for each mouse is about ten minutes, altogether. [1.MED] Be certain to confirm proper anesthesia using a toe pinch [2.CU] and apply vet ointment to the eyes. [3.CU]
2.3.1. Talent with mouse transferring it in an anesthetized state to where a toe pinch can be performed
2.3.2. Performing a toe pinch

2.3.3. Applying some eye ointment
2.4. At this time, if the mouse has dark hair, then shave the entire rib area both ventrally and dorsally so it can be imaged correctly. [1.CU]  [2.ECU]
2.4.1. Shaving the dark hair off rib area (Author Comment: We didn't film this, instead we showed the ventral rib cage area of a non-hairy mouse) (Editor: I’m not sure how this is slated, but show this with the VO from 2.4)
2.4.2. Detailed view of finishing the shave 
2.5. Then, place the mouse on the intubation platform [1.MED] by securing it by the front teeth with its back against the platform.  [2.CU] If a cell bolus is to be injected, re-suspend it now with gentle trituration. [3.MED]
2.5.1. Placing mouse on intubation platform
2.5.2. Securing the mouse to the platform by teeth
2.5.3. Resuspending the cells
2.6. Now, illuminate the upper chest region, [1.CU] open the mouth and gently pull out the tongue using flat forceps.  [2.ECU] Prepare an I-V-catheter for the trachea by removing the needle, then position it over the tracheal opening. [3.CU]
2.6.1. Lighting up the chest
2.6.2. Opening the mouth and pulling out tongue
2.6.3. Removing needle from catheter and placing it over the trachea
2.7. Next, insert the catheter into the trachea until the top of the catheter is near the front teeth [1.ECU] and illuminate the interior of the catheter to confirm its placement. [2.ECU] Then, dispense the 50 μL of freshly-made bleomycin or cell suspension directly into the catheter. [3.CU-TXT]
2.7.1. Inserting catheter into trachea
2.7.2. View down the catheter
2.7.3. Positioning syringe and injecting solution bolus into catheter, TEXT: Use PBS alone for controls.  
2.8. If the catheter is correctly inserted, the mouse will immediately inhale the contents of the catheter.  [1.ECU] Wait a few seconds for the entire volume to travel down the catheter. [2.MED] Then remove the catheter and dispose of it in 10% bleach. [3.CU]
2.8.1. Pulling the syringe away from the catheter, view of solution going down the catheter
2.8.2. Talent setting aside the syringe, observing the mouse
2.8.3. Removing the catheter from the mouse
2.9. Anna Arnal Estape: If the mouse is not inhaling the liquid, carefully monitor its breathing and adjust the catheter position. If the mouse stops breathing, remove the catheter immediately and allow the mouse to resume breathing normally before re-inserting it. [1.MED/WID]
2.9.1.  Interview shot, select a speaker
2.10. After removing the catheter, continue performing the procedure [1.MED] to have five treated mice, still anesthetized and ready to image. [2.CU]
2.10.1. Setting up next mouse for the operation
2.10.2. After completing the operation, show the mouse being moved from stage to a location with one other mouse (we don’t need to show more than two anesthetized mice, even though five is recommended) (Author Comment: Only 2 mice were anesthetized)
2.11. For recovery, place the mouse supine on an IACUC-approved heating pad [1.CU] in a recovery cage and monitor it until it has fully recovered. [2.MED-TXT]
2.11.1. Laying anethetized the mouse on heating pad on cage, 
2.11.2. View of talent checking over mouse in cage and cleaning up materials, TEXT: See the text protocol for post-operative care details.
3. Engrafting Lung Adenocarcinoma Cell Lines
3.1. Two or three minutes after injecting the cells, [1.WID] inject 100 μL of luciferin retro-orbitally using an insulin needle.  [2.MED-TXT] Alternate the eye used for injection every imaging session.  [3.ECU]
3.1.1. Establishing shot
3.1.2. Talent loading syringe with luciferin, TEXT: 15 mg luciferin / mL, 100 µL 
3.1.3. Injecting the luciferin retro-orbitally - maybe gross, but useful to see how this is done
3.2. After waiting at least two minutes, [1.MED-TXT] position up to 5 mice in an animal bioluminescence imager in the dorsal recumbency position [2.CU] and acquire a ventral picture using luminescence settings. [3.MED]
3.2.1. Talent waiting, TEXT: ≥ 2 min
3.2.2. Positioning mouse next to other mouse and loading both into the imager
3.2.3. Talent engaging the imager controls
3.3. Under the control panel adjust the resolution and sensitivity settings to measure the luminescence of the cells. For most applications, start with 3 minutes, set the binning to Medium, set the F/Stop to 1, set the Field of View to “D” and set the subject Height to 1.5.  [1.SCREEN]
3.3.1. Authors to provide a screen capture of setting the resolution and sensitivity setting as described in the narrative above.
3.4. If the injection was successful, a signal is detected in the upper chest area, in one lung or both lungs.  [1.SCREEN] If cells are clustered at the entrance of the trachea the injection was unsuccessful. [2.SCREEN]
3.4.1. Authors to provide a screen capture of successful injection image, ventral view
3.4.2. Authors to provide a screen capture of unsuccessful injection image, as described in narrative, ventral view
3.5. After taking the dorsal image, [1.MED] flip the mice and acquire a ventral image and adjust the imaging setting as needed. [2.CU]
3.5.1. Opening the imager (Author Comment: We first filmed a dorsal image and then flip the mice to a ventral image.) (Editor: I’ve flipped the VO to reflect the authors’ change)
3.5.2. Repositioning the mice for imaging on the dorsal side
3.6. After imaging, proceed with post-operative care as described in the text protocol. [1.MED] Then, repeat this imaging protocol three days post-engraftment and weekly thereafter. [2.SCREEN]
3.6.1. Talent interfacing with the controls, preparing to collect the image
3.6.2.   Authors to provide a screen capture of successful injection image, dorsal view
4. Image Analysis to Monitor Tumor Growth 
4.1. To analyze the images use a bioluminescence analysis software.  [1.MED] First, load all the appropriate images in the series.  This section is detailed to one software package, but the same steps should be achievable with nearly any software. [2.SCREEN]
4.1.1. Establishing shot, talent getting seated at the computer
4.1.2. Authors to provide a screen capture of opening the software, loading images
4.2. Next, for each mouse in the first image of the series, create a square region of interest and position it over the upper chest area, covering the entire lung-region. [1.SCREEN]
4.2.1. Authors to provide a screen capture of creating r.o.i in chest area of 1st image in a series
4.3. Then, using a right-click, access the copy all regions of interest function and use this tool to apply the same regions of interest to each image in the group.  [1.SCREEN]
4.3.1. Authors to provide a screen capture of applying the r.o.i to all the images in series
4.4. Then, within each image, tweak the positions of the squares to cover the upper chest of each mouse.  Do this for both the ventral and dorsal views. [1.SCREEN]
4.4.1. Authors to provide a screen capture of reviewing the r.o.i. in a series and moving as needed
4.5. Now, in the upper left corner of the image window, select the “Photons” function. Then, select the “Measure” option.  The data from the regions of interest is then displayed in an output table as total flux.  Analyze this data as needed. [1.SCREEN]
4.5.1. Authors to provide a screen capture of described action, show the output and saving output for analysis
5. Results: Analysis of Bleomycin Pre-treatment in Athymic Mice
5.1. When immune-compromised athymic mice were treated with bleomycin, prior to cell bolus engraftment, transient fibrosis was observed by day 14 in bleomycin-treated mice, but not vehicle-treated mice. 
5.1.1. 56650_Nguyen_Figure2 – just show the four leftmost panels, day 51 can be left out.
5.2. Next, cells from the established human lung cancer cell line, H2030, were delivered intratracheally into the lungs of these mice.  After 35 days, bleomycin-treated mice had a high lung tumor burden, however, in vehicle-treated animals, no tumors were detected.
5.2.1. 56650_Nguyen_Figure3A – start with just the graph on the left, then at “After 35 days,” add the images on the right
5.3. The lung tumor burden was confirmed using histology. Lungs pretreated with vehicle had no evidence of tumor nodules whereas bleomycin pre-treated lungs had large tumor nodules.
5.3.1. 56650_Nguyen_Figure3B – show only the left panel to begin.  At “whereas” fade to the middle panel.  At “nodules” zoom into the space in the middle panel that is blown up in the right panel and fade to the right panel.
5.4. After transplanting a metastatic H2030-BrM3 cell line, by 39 to 57 days, bioluminescence was too intense for imaging, so metastasis was analyzed in distant organs ex vivo.  [1.LM] Small lesions could be detected in various tissues suggesting that this method holds promise to study spontaneously disseminated disease. [2.LM]
5.4.1. Fig 4C – left side (four images and scale bar)
5.4.2. Fig 4C – table on right side
6. Conclusion (said by authors on camera)

6.1. Laura Stevens: Once mastered, this technique can be done in 10 minutes per cage of 5 mice without imaging and 20 minutes per cage when also imaging the mice.
6.2. Anna Arnal-Estapé Laura Stevens: While attempting this procedure, it’s important to remember to ensure proper insertion of the catheter and to monitor the animal’s breathing.
6.3. Laura Stevens: Following this procedure, other methods like pharmacological studies or immunocytochemistry of harvested tissue can be performed in order to answer additional questions like how engrafted tumors respond to drugs, or characterizing tumor-stromal interactions specific to the lungs.

6.4. Anna Arnal-Estapé Laura Stevens: After its development, this technique can be applied to different mouse strains and tumor models, including patient derived xenografts in a physiologically relevant setting.
6.5. Laura Stevens: Don't forget that working with Bleomycin can be extremely hazardous and precautions such as manipulation in a biohazard hood and proper disposal should always be taken while performing this procedure.

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.

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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