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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  2.3 and 2.5 are performed using a microscope with binocular loupe
Can you record movies/images using your own microscope camera? Y
2. Does your protocol include 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.
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.)
2.3, 2.5, 2.6, 3.3, 3.4
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.)
2.3, 2.5
5. Will the filming need to take place in multiple locations? N

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

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. Didier J. Colin: This method can help to answer key questions related to the development, treatment and diagnosis of human pleural mesothelioma. 

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

1.2. Didier J. Colin: The main advantage of this reliable preclinical orthotopic model is that it replicates the human disease progression and pathology in a microenvironment close to the one found in patients with pleural mesothelioma. 

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


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


1.3. Didier J. Colin: Therefore, this in vivo model is of high significance and the use of non-invasive molecular imaging allows longitudinal monitoring in line with the 3R concept. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.4. Didier J. Colin: Demonstrating the procedure will be Stéphane Germain, a technician from my laboratory. 

1.4.1. INTERVIEW: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



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 (IACUC) and by the veterinarian state office of Geneva, Switzerland. 


Section - Protocol
2. Tumor Cell Implantation 
2.1. Prior to starting, prepare the anesthesia system and surgical area in a laminar flow hood by spraying all surfaces with disinfectant [1]. Place the microisolated SPF-cages in the disinfected flow hood [2].
2.1.1. WIDE: Establishing shot of talent walking to the hood and beginning to disinfect it.
2.2.1. Talent placing cage inside the hood 
2.2. Place a heating pad, polyvidone iodine solution, 30-gauge Hamilton syringe, gauze and cotton swabs, surgery instruments, and micropipettes and tips in the laminar flow hood [1]. Once a mouse is properly anesthetized, subcutaneously inject 0.05 milligrams per kilogram buprenorphine for post-operative pain-relief [2]. 
2.1.2. Surgery supplies in the laminar flow hood. 
2.2.1. Talent injecting the mouse.
2.3. Then, place the mouse on its right side on top of the heating pad [1], clean the surgical area with polyvidone iodine solution [2], and make a 5-millimeter incision of the skin [3]. Clear the surrounding fat and muscles with blunt scissors to expose the ribs [4].
2.3.1. Talent properly positioning the mouse. 
2.3.2. Talent cleaning the surgical area. 
2.3.3. SCOPE: Talent making the incision. Movie uploaded 233, from ±00:00:20 til 00:00:30
2.3.4. SCOPE: Talent clearing fat and muscle to expose the ribs. Movie uploaded 234, from ±00:00:00 til 00:00:20

2.4. Homogenize the cell suspension and load 50 microliters into the Hamilton syringe, making sure to avoid air bubbles [1-TXT]. Wipe the needle with 70% alcohol prior to each injection [2]. 

2.4.1. Talent homogenizing the cell suspension and loading it into the syringe. TEXT: 1 X 106 cells per 50 L of RPMI without FBS
2.4.2. Talent wiping the needle with alcohol.

2.5. Slowly inject the cells into the pleural cavity between the 6th and 7th ribs, holding the needle at an angle of 30 degrees and 2 to 3 millimeters under the intercostal muscles [1]. Keep the needle just under the ribs to avoid injecting into the lungs, it should be visible through the muscles [2]. Authors: After your shoot, please upload the footage for the SCOPE shots to your project page.

2.5.1. Talent injecting mouse. 
2.5.2. SCOPE: Needle visible through the muscles. Movie uploaded 252, from ±00:18:00 til 00:00:50

2.6. When finished, close the wound with 3 to 4 absorbable sutures [1] and store the mouse in a warmed environment until it wakes up [2]. Videographer: This step is important!

2.6.1. Talent closing the wound. 
2.6.2. Talent putting the mouse in a warmed environment. 

2.7. Stéphane Germain: When performing implantation, it is important to correctly position the needle to limit the depth of the needle penetration.

2.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
3. [18F]FDG-PET/CT Imaging
3.1. Use a heating chamber, heating pad, or infrared lamp to pre-warm the mice at 30 C for 30 minutes prior to the injection of [18F]FDG (pronounce ‘Fluor- eighteen-F-D-G’) [2].
3.1.1. Mice pre-warming. 
3.2. Using a dose calibrator, prepare 3 to 4 megabecquerel doses of [18F]FDG in 150 to 200 microliters of saline in 1-milliliter insulin syringes [1]. Make sure to record all times of radioactivity dose measurements, injections, and PET scans in order to calculate Standard Uptake Values, or SUVs [2]. Weigh the mice [3], then intravenously inject the [18F]FDG [4-TXT]. 
3.2.1. Talent preparing doses of [18F]FDG.
3.2.2. Talent recording values in lab notebook.
3.2.3. Talent weighing mouse. 
3.2.4. Talent injecting mouse. TEXT: Retro-orbital injection 
3.3. After the injection, leave the mice awake in warm-conditions for 45 minutes [1]. Then load the mice on the scanner bed [2], transfer the bed to a scanner [3], and subject the animals to a CT scan centered on the lungs [4-TXT]. Videographer: This step is important!
3.3.1. Mice awake in the cage.  Author comment: Two shots were performed for 312, please use one of them in 331.
3.3.2. Talent loading the mice on the scanner bed. 
3.3.3. Talent transferring bed to scanner. 
3.3.4. Talent starting the CT scan. TEXT: See manuscript for CT parameters 

3.4. Move the bed to the PET subsystem [1] and start the acquisition 1 hour after [18F]FDG injection for a duration of 15 minutes [2]. Then, remove the mice from the imaging chamber and allow them to recover in their cage, keeping them in an area dedicated to radioactive decay [3]. Videographer: This step is important!

3.4.1. Talent moving the bed to the PET system.
3.4.2. Talent starting acquisition. 
3.4.3. Talent moving mice from the bed to their cage.  
4. Analysis of [18F]FDG-PET/CT Scans 
4.1. Prior to image analysis, reconstruct CT and PET scans as described in the manuscript [1]. Calibrate the images by scanning a phantom cylinder [2] and automatically co-register the scans according to the built-in software solution [3]. Videographer: Film the screen as talent performs this step. 
4.1.1. Talent reconstructing images. 
4.1.2. Talent scanning phantom cylinder. Author comment: Please swap 4.1.1 and 4.1.2
4.2. To analyze the images, load the CT data as reference by clicking on the ‘Open Data’ icon [1], then load the PET data as input by clicking on the ‘Append Data’ icon [2]. Adjust the color scales of CT and PET to contrast images for visual inspection [3]. 
4.2.1. SCREEN: 60272_screenshot.mp4. 0:05 – 0:24
4.2.2. SCREEN: 60272_screenshot.mp4. 0:24 – 0:37 
4.2.3. SCREEN: 60272_screenshot.mp4. 0:37 – 1:38    
4.3. Select the ‘3D ROI Tool’ from the drop-down menu, click on ‘Add ROI’ and name the file ‘Lungs’ [1]. Click on ‘Segmentation Algorithms’ and ‘Neighborhood Thresholding’, then define ‘Input’ as ‘Background’ and ‘Image’ as ‘Ref’. Enter ‘Min’ and ‘Max’ according to mouse lung density values [2].  
4.3.1. SCREEN: 60272_screenshot.mp4. 1:38 – 2:11 
4.3.2. SCREEN: 60272_screenshot.mp4. 2:11 – 3:02 

4.4. Inspect the 3D rendered lungs by cliclking the ‘vtk’ icon, then click ‘Show Table Icon’ and retrieve the volume in the generated table [1]. 

4.4.1. SCREEN: 60272_screenshot.mp4. 3:03 – 4:15 

4.5. To analyze the [18F]FDG in tumors, convert PET images to SUV by selecting ‘Arithmetics’ from the dropdown menu. Select ‘Scalar Multiplicity’, then use ‘inp1’ as ‘Selected’ and set the Bacquerel per milliliter-to-SUV factor as ‘Scalar’ [1]. 

4.5.1. SCREEN: 60272_screenshot.mp4. 4:16 – 5:35

4.6. Finally, select ‘3D ROI Tool’ from the drop-down menu, click ‘add ROI’ and name the file ‘Tumors’ [1]. Click on ‘3D Paint mode’ and ‘Sphere’, uncheck ‘2D only’, and adjust the size of the shape to surround the tumors [2]. Click on ‘Show Table Icon’ and retrieve the SUVmax value from the generated table [3]. 

4.6.1. SCREEN: 60272_screenshot.mp4. 05:36 – 06:38 
4.6.2. SCREEN: 60272_screenshot.mp4. 06:38 – 09:33
4.6.3. SCREEN: 60272_screenshot.mp4. 09:34 – 10:24



Section – Results
5. Results: Malignant Pleural Mesothelioma Monitoring with [18F]FDG-PET/CT Imaging 
5.1. The 3D renderings from the CT scans give an overview of MPM tumor localization and allow for calculation of lung volumes [1]. Lung volume measurements decrease significantly over time after the injection of intrapleural tumors [2].
5.1.1. Figure 2 A. Video Editor: Use Figure 2 A without arrows in the video, but use the original figure 2 as a reference. Emphasize the areas of the lung images where the white arrows are pointing when VO says ‘tumor localization’ and emphasize the VL values when VO says ‘lung volumes’. 
5.1.2. Figure 2 B and C. 
5.2. The PET scan provides valuable information about the metabolic status of MPM tumors [1]. The tumors were distinguishable 2 weeks after grafting [2] and [18F]FDG uptake was quantified by extracting SUVs, which were positively correlated with the number of days post-injection [3]. 
5.2.1. Figure 3. 
5.2.2. Figure 3 A. Video Editor: Use Figure 3 A without arrows in the video, but use the original figure 3 as a reference. Emphasize the areas of the images where the white arrowheads are pointing. 
5.2.3. Figure 3 B and C. 

5.3. Furthermore, lung volumes and [18F]FDG avidity correlate with each other with an R2 of 0.6, which supports the strength of these measurements for monitoring MPM orthotopic tumor development [1]. 

5.3.1. Figure 4. 



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

6.1. Véronique Serre Beinier: Following this procedure, other methods such as histology, immunohistochemistry and flow cytometry can be performed in order to respond to other biological questions such as the proliferation state and phenotypic characteristics of the tumors and of the microenvironment.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Véronique Serre Beinier: To conclude, these preclinical techniques pave the way for researchers to explore new diagnostic and treatment strategies of pleural mesothelioma. Furthermore, the use of molecular imaging warrants rapid translation of new findings to the clinic. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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