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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? N
3. Which steps from the protocol section below are the most important for viewers to see? 
5.3., 5.5., 6.2.-6.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The steps 5.3. and 6.2. are the most difficult aspect of this procedure. To ensure success, we will practice and rehearse several times before the filming. Besides, we will prepare the tumor-bearing mice before the filming.
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. Zongjin Li: Angiogenesis plays important role in tumor metastasis and progression. In this protocol, we will use dual bioluminescence imaging method to monitor the dynamics of tumor progression and angiogenesis in a mouse model of breast cancer [1].

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

1.2. Zongjin Li: In this model, we can track the tumor growth and angiogenesis simultaneously in a single mouse through firefly luciferase and renilla luciferase imaging, respectively. This model may be widely applied in anti-tumor drug screening and oncology researches [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. Kaiyue Zhang: This dual bioluminescence model can be used to track tumor progression and regression and to detect tumor-related molecular processes in response to therapeutic strategies [1]. 

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

1.4. Kaiyue Zhang: Angiogenesis is a crucial process of tumor progression. Therefore, monitoring tumor progression and angiogenesis in a visual and sensitive manner is necessary for developing effective tumor treatments [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. Zongjin Li: The procedures will be demonstrated by Kaiyue Zhang, Chen Wang, and Shang Chen Ph.D. students from our lab [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 Institutional Animal Care and Use Committee (IACUC) at Nankai University.

Section - Protocol
2. Lentivirus-Renilla-Luciferin-Red Fluorescent Protein (LV-Rluc-RFP; RR) and LV-Rluc-RFP-Herpes Simplex Virus Truncated Thymidine Kinase (HSV-ttk) (LV-Rluc-RFP-TT; RRT) Packaging and Production
2.1. [bookmark: _Hlk3840431]For lentivirus packaging and production, seed 1 x 106 of 293T (two-nine-three-T) cells in 2 milliliters of DMEM (D-M-E-M) supplemented with 10% fetal bovine serum per well into a 6-well plate [1-TXT] for overnight culture in a humidified incubator at 37 degrees Celsius and 5% carbon dioxide [2].
2.1.1. WIDE: Talent adding cells to well(s), with medium container visible in frame TEXT: See text for all medium/reagent preparation details
2.1.2. MED: Talent placing plate into incubator
2.2. The next morning, mix 7.5 microliters of liposome [1] with 250 microliters of minimal essential medium in two separate 1.5-milliliter tubes for a 5-minute incubation at room temperature [2].
2.2.1. MED: Talent adding medium to tube, with medium container visible in frame
2.2.2. MED: Talent adding liposome to tube, with stock liposome container visible in frame
Author comment: 2.2.1-2.2.2 We changed the order of these two steps during the shooting 
2.3. To prepare the DNA solutions, add the plasmid lentivirus-RR vector and helper plasmids [1] to 250 microliters of minimal essential medium in individual 1.5-milliliter tubes as outlined in the Table [2].
2.3.1. MED: Talent adding plasmid to tube, with plasmid and medium containers visible in frame
2.3.2. LAB MEDIA: Table 1
2.4. At the end of the incubation, gently add the DNA-RR solutions to the liposome suspensions in a dropwise manner [1] and allow the DNA to bond to the lipid membranes for 20 minutes at room temperature [2].
2.4.1. CU: DNA-RR being added to tube, with DNA and liposome tube labels visible in frame
2.4.2. MED: Talent setting timer, with liposome container visible in frame
2.5. While the mixture is incubating, replace the supernatant of the 293T cell culture with 1 milliliter of fresh culture medium [1] and gently add 0.5 milliliters of the appropriate liposome-DNA mixture to each well [2].
2.5.1. MED: Talent adding medium to well(s), with medium container visible in frame
2.5.2. CU: DNA + liposomes being added to well(s)
2.6. Return the cells to the cell culture incubator for 12-16 hours [1] before replacing the supernatant in each well with 1 milliliters of fresh culture medium supplemented with antibiotics [2].
2.6.1. MED: Talent placing plate into incubator
2.6.2. CU: Medium being added to well(s), with medium container label visible in frame
2.7. After an additional 36 hours of incubation, pool the supernatants into one conical tube per lentivirus strain to sediment the 293T cells by centrifugation [1-TXT].
2.7.1. MED: Talent adding cells to tube TEXT: 5 min, 300 x g, RT
2.8. Then transfer the lentivirus-RR-containing supernatants into individual 1.5-milliliter sterile polypropylene storage tubes for storage at minus 80 degrees Celsius [1].
2.8.1. MED: Talent adding supernatant to tube(s)
3. LV-RR and LV-RRT Lentiviral Transduction for Gene Expression in 4T1 Cells
3.1. For lentiviral transduction for gene expression in 4T1 (four-T-one) mammary tumor cells, replace the supernatant in each well [1] of a 6-well 4T1 cell culture plate with 1 milliliter of fresh RPMI (R-P-M-I)-based cell culture medium supplemented with fetal bovine serum and 1 milliliter of lentiviral stock [2].
3.1.1. WIDE: Talent adding medium to each well, with medium container visible in frame
3.1.2. MED: Talent adding lentivirus to well(s), with lentivirus container visible in frame
3.2. Then add 8 micrograms/milliliter of polybrene to each well [1] and gently pipette a few times to mix [2-TXT].
3.2.1. MED: Talent adding polybrene, with polybrene container visible in frame
3.2.2. [bookmark: _Hlk536659426]CU: One well contents being pipetted TEXT: Caution: Medium contains lentivirus, which can transduce human cells
3.3. Centrifuge the plate to help increase the transduction efficiency [1-TXT] and return the cells to the cell culture incubator for 4-12 hours [2].
3.3.1. MED: Talent placing plate into centrifuge TEXT: 60 min, 1000 x g, RT
3.3.2. MED: Talent placing plate into incubator
3.4. At the end of the incubation, replace the supernatant in each well with fresh culture medium supplemented with serum and antibiotics to remove any lentiviral particles and polybrene [1].
3.4.1. MED: Talent adding medium to well(s)
4. Drug Screening and LV-RR and LV-RRT-Transduced 4T1 Cell Identification
4.1. To select for the lentivirus-transduced cells, passage the transduced 4T1 cell cultures at a 1:3 to 1:4 ratio with selection medium [1-TXT], changing the medium every 2-3 days [2].
4.1.1. WIDE: Talent adding dissociation solution to well(s), with dissociation solution container visible in frame TEXT: Alternative: Sort RFP+ cells by flow cytometry
4.1.2. MED: Talent adding medium to well(s), with medium container visible in frame
4.2. [bookmark: _Hlk535830915]After 7 days of selection medium culture, view the transduced cell cultures under a fluorescence inverted phase-contrast microscope [1] and count the number of red fluorescent protein-positive, or RFP (R-F-P), 4T1 cells and all of the 4T1 cells in three fields of vision to estimate the RFP-positive ratio [2-TXT]. 
4.2.1. MED: Talent at microscope, counting cells
4.2.2. LAB MEDIA: Figure 2B TEXT: Alternative: Estimate RFP+ cell ratio by flow cytometry
5. Vascular Endothelial Growth Factor Receptor 2 (VEGFR2)-Firefly Luciferase (Fluc)-Knockin (KI) Mice and Tumor-Bearing Mouse Model
5.1. To set up a tumor-bearing mouse model, wash 80%-confluent transduced cell cultures with PBS [1] before detaching the cells with 2 milliliters of trypsin-EDTA per 60-millimeter cell culture plate [2].
5.1.1. WIDE: Talent washing plate with PBS, with PBS container visible in frame
5.1.2. CU: Trypsin-EDTA being added to plate, with trypsin-EDTA container label visible in frame
5.2. When the cells have lifted from the plate bottoms, stop the reaction with 5-10 milliliters of serum-supplemented medium per plate [1] and transfer the cultures into individual 15-milliliter centrifuge tubes for counting [2].
5.2.1. MED: Talent adding medium to plate(s), with medium container visible in frame
5.2.2. MED: Talent adding cells to tube, with tube labels visible in frame as possible
5.3. Dilute the cells to a 1 x 106 cells/100 microliters of culture medium without serum concentration [1] and subcutaneously inject 100 microliters of the 4T1-RR cell line into the left shoulder of an anesthetized tumor-bearing model mouse [2-TXT] and 100 microliters of the 4T1-RRT cell line into the right shoulder of the same mouse [3].
5.3.1. CU: Medium being added to tube, with medium container label visible in frame Videographer: Important/difficult step
5.3.2. CU: Shoulder being injected Videographer: Important/difficult step TEXT: Anesthesia: 1-3% isoflurane
5.3.3. CU: Shoulder being injected Videographer: Important/difficult step
5.4. After the injections, place each mouse in an appropriate recovery area with thermal support until fully recovered [1] and palpate the tumor masses every day for 7 days to confirm that the mice are tumor-bearing [2].
5.4.1. MED: Talent placing onto heat pad or similar Videographer: More Talent than mouse in shot
5.4.2. CU: Tumor being palpated
5.5. At day 7 post-implantation, intraperitoneally inject 50 milligrams/kilogram of ganciclovir into each tumor-bearing mouse two times per day until the end of experiment [1].
5.5.1. MED: Talent injecting mouse Videographer: Important step
6. Dual Bioluminescence Tumor (Rluc) and Angiogenesis (Fluc) Imaging
6.1. For tumor growth, open the living imaging system [1], initialize the living imaging software [2], and initialize the system [3-TXT].
6.1.1. WIDE: Talent opening system
6.1.2. MED-over the shoulder: Talent initializing software, with monitor visible in frame
6.1.3. MED: Talent initializing system TEXT: See text for full system setup/camera parameter details Author comment: 6.1.2 and 6.1.3 are the same operation.
6.2. While the system is initializing, use an insulin syringe to inject each mouse to be imaged [1] with the appropriate volume of coelenterazine into the retrobulbar [2].
6.2.1. CU: Syringe being loaded, with CTZ container label visible in frame Videographer: Important/difficult step
6.2.2. CU: Mouse being injected Videographer: Important/difficult step TEXT: Anesthesia 1-3% isoflurane
6.3. [bookmark: _Hlk535397459]Place the injected mice into the camera chamber [1] and immediately obtain several pictures of the mouse dorsally to acquire the Renilla-luciferase signals from 4T1 cells until the bioluminesence signals fade away [2].
6.3.1. MED: Talent placing mouse into chamber Videographer: Important step/More Talent than mouse in shot
6.3.2. LAB MEDIA: Figure 4B Day 0 Renilla/4T1 image
6.4. Ten minutes after the Renilla-luciferase imaging, use an insulin syringe to intraperitoneally inject the appropriate volume of D-luciferin into each animal [1].
6.4.1. CU: Mouse being injected, with D-luciferin container label visible in frame Videographer: Important step
6.5. Ten minutes after the D-luciferin injection, place the mice into the camera chamber [1] and obtain several images of the mouse dorsal to acquire the firefly luciferase signals from angiogenesis [2].
6.5.1. MED: Talent placing mouse into chamber Videographer: Important step/More Talent than mouse in shot
6.5.2. [bookmark: _GoBack]LAB MEDIA: Figure 4B Day 0 Firefly/Vegfr2 image
Section – Results
7. Results: Representative In Situ Tumor Growth and Angiogenesis Visualization and Analysis  

7.1. [bookmark: _Hlk536661581]After lentivirus transduction, more than 99% of the of cells are RFP positive [1], with no differences in the cell culture morphology observed between the two transduced cell lines [2].

7.1.1. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize red signal in both right images
7.1.2. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize cell shape(s) in both left images

7.2. Subsequently, bioluminescence imaging of the transduced cells reveals that both cell lines emit strong bioluminescent signals of a similar strength [1].

7.2.1. LAB MEDIA: Figure 3A: JoVE Video Editor no animation OR please sequentially emphasize wells from second to 6th column

7.3. After subcutaneous injection of the transduced cell lines into a transgenic tumor-bearing mouse model [1], angiogenesis-induced tumor growth can be evaluated by firefly luciferase signals in the presence of D-luciferin in the same animal [2]. 

7.3.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize RR and RRT text and accompanying arrows
7.3.2. LAB MEDIA: Figure 4B

7.4. At day 7 post-implantation, ganciclovir administration induces death in the 4T1-RRT cells [1], resulting in a dramatic reduction in Renilla-luciferase signal in the tumors established by these cells [2].

7.4.1. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize Day 7 Renilla/4T1 image
7.4.2. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize right signal in Day 14 and Day 21 images

7.5. Firefly luciferase signals also increase in conjuction with an increase in Renilla-luciferase expression [1] and decrease following Renilla-luciferase decline [2].

7.5.1. LAB MEDIA: Figure 4B: JoVE Video Editor please signal in shoulder of Firefly/Vergf2 Day 0, Day 3, and Day 7 images
7.5.2. LAB MEDIA: Figure 4B: JoVE Video Editor please signal in shoulder of Firefly/Vergf2 Day 14 and Day 21 images

7.6. Taken together, these results suggest that there is a direct correlation between tumor angiogenesis and tumor growth [1].

7.6.1. LAB MEDIA: Figure 4B

7.7. Indeed, ganciclovir-induced tumor cell death may lead to an inhibition of tumor angiogenesis [1].

7.7.1. LAB MEDIA: Figure 4C

7.8. Further, immunostaining for anti-vascular endothelial growth factor receptor 2 as a marker of angiogenesis [1] reveals a more significantly established microvascular structure in 4T1-RR tumor tissue sections [2] than in sections from 4T1-RRT tumors, consistent with the decline in firefly luciferase signal observed after ganciclovir administration [3].

7.8.1. LAB MEDIA: Figure 5
7.8.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize green signal in Merge 4T1-RR image
7.8.3. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize green signal in Merge 4T1-RRT image



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Chen Wang: The most critical step of the protocol is using two kinds of luciferase, such as Fluc and Rluc, for simultaneous tracking of the cells and the angiogenesis (Step: 6.2.-6.4.) [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Chen Wang: This technology could be used to track cancer cells within different locations, and it can be used widely in diverse cancer models [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Shang Chen: This mouse model allows the tumor growth and anti-tumor effects of the HSV-ttk-GCV prodrug system to be visualized dynamically in a living animal [1]. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.4. Shang Chen: A biosafety level 2 facility is required to prevent lentivirus transfection, as the medium contains lentiviral particles that could be harmful to humans [1].
8.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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