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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.4., 2.5., 3.3., 4.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.2.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. Lisa Ridnour: Our protocol overcomes the limited bioluminescence imaging window by including a GFP tag, which also facilitates the detection and quantification of micrometastasis by PCR analysis [1].

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

1.2. Nimit L. Patel: Because the GFP tag circumvents the limited bioluminescence window, more subjects can be imaged without signal loss and the potential for “false negative” results is limited [1].

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. Robert Cheng: This technique will be useful to researchers for the evaluation of the therapeutic efficacy of novel anti-cancer agents [1].

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

1.4. Robert Cheng: This methodology provides a useful model for researchers interested in EMT, drug-resistance, and cancer stem cell mechanisms related to the metastatic process as well as for anti-cancer drug development [1].

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

Introduction of Demonstrator (Said by you on camera):

1.5. Lisa Ridnour: Demonstrating the procedure with Robert Cheng and Nimit Patel will be Timothy Back, a veterinary technician from the Cancer and Inflammation Program [1][2].  

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. 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)

1.6. Procedures involving animal subjects have been approved by the Committee on the Ethics of Animal Experiments of the National Cancer Institute.


Section - Protocol
2. [bookmark: _Hlk14967318]Orthotopic Breast Cancer Model and Tumor Size Measurement
2.1. After confirming a lack of response to pedal reflex [1-TXT], swab the left 4th mammary gland with alcohol [2] and use fine rat tooth forceps to lift the 4th mammary gland slightly [3].
2.1.1. WIDE: Talent pinching toe Videographer: More Talent than mouse in shot TEXT: Anesthesia: 4% isoflurane
2.1.2. Gland being swabbed (Editor: The Videographer’s notes are unclear. It seems that 2.1.2 – 2.5.1 might be combined)
2.1.3. Gland being lifted
2.2. Making sure the tip is bevel up, insert a 25-gauge needle attached to a 1-milliliter syringe containing 100 microliters of cell-basement-membrane-matrix mix [1] and slightly retract the plunger to make sure the needle does not contact any blood vessels [2].
2.2.1. Shot of needle bevel side up, then needle being inserted into gland Videographer: Important/difficult step TEXT: See text for cell:basement membrane matrix mix preparation details
2.2.2. Plunger being pulled Videographer: Important step
2.3. Tim Back: For comparable results, the tumor cell injection site must be consistent among all of the recipient animals [1].

2.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
2.4. If no blood enters the syringe, slowly inject the entire volume of solution the into the mammary fat pad [1]. A round, raised mass will appear under the skin [2].
2.4.1. Solution being injected Videographer: Important step
2.4.2. Shot of round, raised mass under skin Videographer: Important step
2.5. Wait 10-15 seconds for the basement membrane matrix to harden before removing the needle [1-TXT] and allow the xenograft to grow freely without interruption for 7-10 days prior to performing a tumor size measurement [2].
2.5.1. Shot of needle in place, then needle being removed Videographer: Important step TEXT: Repeat injection for each experimental animal
2.5.2. Talent placing mouse into cage Videographer: Important step
2.6. Then use calipers to measure the size of the xenograft in all of the mice [1] and determine the tumor volume using the equation as indicated [2-TXT].
2.6.1. Tumor being measured
2.6.2. [bookmark: _Hlk16755547]BLACK TEXT OVER WHITE BACKGROUND: 
3. In Vivo Bioluminescence and Ex Vivo Fluorescence Imaging
3.1. Before imaging the study animals, image three additional tumor bearing mice for 40 minutes at 2-minute intervals using the parameters as indicated to obtain the luciferin kinetics for the study [1-TXT].
3.1.1. WIDE: Talent at imager, imaging mice TEXT: i.e., excitation filter-blocked, emission filter-open, f/stop 1, FOV-D, medium binning (8 x 8), and auto exposure
3.2. Use the peak measured bioluminescence signal to define the optimal image acquisition time window for all of the subsequent time points [1].
3.2.1. SCREEN: 3.3.2: 00:16-00:36 Video Editor: please speed up OR LAB MEDIA: Figure 2B Video Editor: please emphasize peak uptake
3.3. To perform metastasis imaging, place an anesthetized mouse into the scanner [1-TXT] and cover the primary tumor with a sleeve cut from a black glove [2].
3.3.1. Shot of mouse with glove sleeve being placed into scanner Videographer: Important step TEXT: Anesthesia: 3% -> 2.5-2% isoflurane (Editor: The Videographer’s notes say to switch the order of 3.3.1 and 3.3.2. This doesn’t seem to match the VO, so I’ve left them as written for now)
3.3.2. Tumor being covered with glove Videographer: Important step
3.4. Then image the luciferin signal using the same parameters as just demonstrated with the ventral side of the mouse facing the camera for lung metastasis imaging [1-TXT] and the dorsal side of the mouse facing the camera for brain metastasis imaging [2].
3.4.1. SCREEN: 3.4.1: 02:38-02:42 TEXT: Inject 150 mg/kg D-luciferin 10-15 min prior to imaging
3.4.2. SCREEN: 3.4.2: 02:40-02:43
3.5. Using a scanner and data analysis software, draw a region of interest over the imaged area to ensure that the entire organ of interest is covered to allow evaluation of the metastatic burden [1] and quantify the bioluminescence output as the total flux in photons/second [2].
3.5.1. SCREEN: 3.5.1: 00:05-00:13
3.5.2. SCREEN: 3.5.1: 00:16-00:20
3.6. Immediately after bioluminescence signal quantification, harvest the brain and lung tissue [1-TXT] and quickly rinse the organs in PBS to remove any superficial bloodstains [2].
3.6.1. Talent placing tissue into container TEXT: Euthanasia: CO2 asphyxiation (Editor: The Videographer’s notes seems to suggest that 3.6.1 – 3.7.2 are combined)
3.6.2. Tissue being rinsed in PBS, with PBS container visible in frame
3.7. Place the organs on a low-autofluorescence, black plastic plate [1] and transport the samples to a multispectral fluorescence scanner equipped with spectral unmixing capability a 12-bit CCD (C-C-D) camera for GFP (G-F-P) detection [2-TXT]. 
3.7.1. Talent placing organ(s) onto plate
3.7.2. Talent placing samples onto scanner TEXT: CCD: charge-coupled device; GFP: green fluorescent protein
3.8. [bookmark: _Hlk15302276]To acquire multispectral GFP images of the extracted organs, scan through the extracted organs at 500-720 nanometers and a step size of 10 nanometers [1-TXT].
3.8.1. SCREEN: 3.8.1 
3.9. Scan excised organs of un-injected control mice to correct for autofluorescence in addition to the target organs [3.9.0] and generate a spectral library for the autofluorescence and pure GFP profiles for the spectral unmixing procedure according to the manufacturer’s protocol [3.9.1].
3.9.0 [Added Shot]: Image tumor (Editor: The videographer’s full notes on this shot were difficult to read. I’ve marked where it could probably be shown.)
3.9.1. SCREEN: 3.8.2. TEXT: Pure GFP profile was obtained utilizing manual compute spectra option. Video Editor: Emphasize on Manual Compute Spectra tab.
3.9.2. 3.9.4. Video Editor: please emphasize spectrally unmixed GFP image (Move to 3.10)
[bookmark: _GoBack]3.10 	After confirming accuracy of the spectral library in separating GFP signal from tissue autofluorescence background, utilize the same library to unmix all images on study [1].
3.9.3. SCREEN: 3.9.4. Video Editor: please emphasize spectrally unmixed GFP image. TEXT: Resultant images after performing spectral unmixing. Green signal indicate metastasis. (Editor: The authors provided new screen shots for some steps, but not for this one. I’m unsure if they’ve provided an appropriate shot for this step)
4. Molecular Metastatic Breast Cancer Cell Detection
4.1. For DNA extraction, after snap freezing, place the whole brain in a 5-milliliter homogenizing tube containing 2 milliliters of DNA lysis buffer [1] and use a homogenizer set to 50 to homogenize the tissue [2].
4.1.1. WIDE: Talent placing brain into tube, with DNA lysis buffer container visible in frame
4.1.2. Tissue being homogenized
4.2. When the tissue has been fully homogenized, transfer 1 milliliter of the lysate to a DNase- and RNase-free, 2-milliliter microcentrifuge tube [1] and isolate the DNA according to the manufacturer’s protocol [2].
4.2.1.  Lysate being added to tube
4.2.2. Talent adding reagent to tube, with DNA isolation kit visible in frame
4.3. Add 500 microliters of 100% ethanol to the isolate [1] and mix the sample by inversion [2].
4.3.1. Ethanol being added to tube, with ethanol container visible in frame [Shots 4.3.1 and 4.3.2 combined]
4.3.2. Tube being inverted
(Videographer Comment: From this point forward, the researcher changed the protocol. I had no real idea what was happening and couldn’t follow. He will apparently send an updated script. Sorry.)
(Editor: While I did receive some updates from both the author and Bridget, I received nothing that addressed this point)
4.4. After 3 minutes at room temperature, use a pipette to transfer the wool-like DNA precipitate to a new 2-milliliter DNase- and RNase-free tube [1].
4.4.1. DNA being added to tube Videographer: Important step
4.5. Let the sample air dry for 1 minute [1] before adding 1 milliliter of 75% ethanol to the tube [2] and inverting the tube 3-6 times to wash the sample [3].
4.5.1. Talent setting timer, with tube visible in frame
4.5.2. Ethanol being added to tube, with ethanol container visible in frame
4.5.3. Tube being inverted a few times
4.6. Discard the ethanol after the last inversion [1] before washing the DNA two more times with fresh ethanol per wash as just demonstrated [2].
4.6.1. Talent aspirating and/or discarding ethanol
4.6.2. Talent adding ethanol to tube, with ethanol container visible in frame
4.7. After the last wash, air dry the sample for 10 seconds [1] before dissolving the DNA in 52 microliters of 8-millimolar sodium hydroxide [2].
4.7.1. Talent placing sample to air dry
4.7.2. Talent adding NaOH to tube, with NaOH container visible in frame (Videographer Comment: Slated wrong. I think I slated it 4.4.something?)
4.8. Transfer a 2-microliter aliquot of DNA to a spectrophotometer vial [1] and quantify the concentration of DNA in the sample using an absorbance ratio between A260 and 280 according to the formula [2-TXT].
4.8.1. Talent adding sample to vial, with spectrophotometer visible in frame
4.8.2. BLACK TEXT ON WHITE VIDEO: 
4.9. Adjust the DNA concentration of the sample to 50 nanograms/microliter with additional 8-millimolar sodium hydroxide [1] and design the primer pair specific to the exogenous green GFP sequence in-house using an open source primer design web portal [2] for the real-time PCR detection of the GFP tag in the metastatic cells that invaded and colonized the distal sites of the tumor [3]. 
4.9.1. Talent adding NaOH to tube, with NaOH container visible in frame
4.9.2. Talent at computer, designing primer, with monitor visible in frame
4.9.3. SCREEN: 4.8.: 00:03-00:13
4.10. Then use a fast, real-time PCR reagent and a real-time PCR machine that supports a fast, real-time PCR protocol for real-time, quantitative PCR analysis of the sample [1-TXT].
4.10.1. Talent adding sample to thermocycle TEXT: See text for thermocycle conditions and control tissue preparation details
5. Lung Metastatic Breast Cancer Cell Detection 
5.1. For the detection of metastatic breast cancer cells in the lung, use dissecting scissors to open the chest cavity [1-TXT] and cut past the heart and thymus to expose the trachea [2].
5.1.1. WIDE: Talent picking up scissors Videographer: No mouse in shot TEXT: Euthanasia: anesthesia + cardiac puncture + cervical dislocation
5.1.2. Trachea being exposed [Shots 5.1.2 – 5.4.2 combined]
5.2. Insert a 22-gauge needle attached to a 10-milliliter syringe containing Bouin’s solution into the trachea [1] and depress the plunger until the collapsed lungs become swollen with approximately 2 milliliters of the solution [2].
5.2.1. Needle being inserted into trachea
5.2.2. Plunger being depressed/lungs becoming swollen
5.3. Remove the syringe and needle once the lungs have been inflated [1] and transfer the whole lung into a 15-milliliter tube containing fresh Bouin’s solution [2].
5.3.1. Shot of swollen lungs, then syringe and needle being removed
5.3.2. Talent placing lung into tube, with Bouin’s solution container visible in frame
5.4. Gently invert the tube a few times [1] before leaving the tissue to soak for 24 hours at room temperature [2].
5.4.1. Tube being inverted
5.4.2. Talent placing tube at RT 
5.5. The next day, rinse the lung with water [1] and place the sample into a tube of 70% ethanol [2].
5.5.1. Lung being rinsed [Shots 5.5.1 – 5.5.2 combined]
5.5.2. Talent placing tube into tube
5.6. Then use a dissecting microscope to count the number of metastatic white patches and nodules on the surfaces of the lungs [1].
5.6.1. LAB MEDIA: To be provided by Authors: Shot of metastatic white patches


Section – Results
6. Results: Representative Bioluminescence Imaging (BLI) and GFP Signal Detection 

6.1. Tumor volume measurement by caliper is a well-established method for assessing treatment efficacy [1].

6.1.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize data line

6.2. To obtain comparable signals between study groups [1], a pre-imaging BLI (B-L-I) kinetic study must be conducted to determine the best imaging time frame [2].

6.2.1. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize red outlines/signals within red outlines in left image
6.2.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize data lines in right graph

6.3. Due to the superior signal-to-background ratio, whole body in vivo BLI is quite sensitive in detecting low-level metastasis signals compared to the GFP approach [1].

6.3.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize purple signal dots in R image

6.4. However, due to the stable nature of the GFP molecule, researchers have sufficient time to process the carcass prior to capturing the GFP signals from target organs in dual reporter studies [1].

6.4.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize BLI images, then GFP images

6.5. This real-life example demonstrates how caliper tumor size measurements can distort the data interpretation [1], as this xenograft lost most of the viable tumor cell content [2] while still maintaining its large mass and shape [3]. 

6.5.1. LAB MEDIA: Figure 5
6.5.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize light colored staining in middle and right images
6.5.3. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize tumor mass outline in left image and/or outline tumor in right image

6.6. Molecular detection by real-time PCR can also provide convincing evidence of brain metastasis in the orthotopic breast cancer model [1] using exogenous GFP DNA sequencing, as the transfected GFP DNA sequence does not naturally exist in humans or rodents [2].

6.6.1. LAB MEDIA: Figure 6
6.6.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize peak signals in Figure 6C



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Robert Cheng: The implantation site should be physiologically and anatomically related to cancer malignancy [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.4.)
7.2. Robet Cheng: Both tumor gene and protein expression can be evaluated at primary and distal sites and metastatic cells can be isolated for further characterization [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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