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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) N
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Nikon SMZ 745
2. Does your protocol include software usage? (Y/N) 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.)
Steps 3.5, 4.2, 4.3, 4.4, 5.2

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.)
Step 3.5 
Step 5.2 

5. Will the filming need to take place in multiple locations? (Y/N) N (two buildings located across the street from each other, easily walkable)


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. Dr. Jessica Blackburn: Our zebrafish xenograft drug screening workflow allows for automated imaging and quantification of human cancer cells and their response to drug treatment. It can be used to rapidly test the response of a patient’s cancer cells to known drugs, or to identify new anti-cancer compounds [1]. 

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

1.2. Meghan Haney: Using zebrafish xenograft models in drug screening allows for in vivo replicate numbers that were previously only obtainable with in vitro systems and is much more cost-effective than mouse models at screening through large libraries of compounds [1].

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

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

1.3. Henry Moore: This workflow has several steps, from injection of cancer cells in zebrafish to imaging of drug response, that are learned best by visual demonstration.

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

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. All procedures described in this protocol have been approved by the University of Kentucky’s Institutional Animal Care and Use Committee (protocol 2015-2225). Patient samples were collected under University of Kentucky’s Institutional Review Board (protocol 44672).
1.1. 

Section - Protocol
2. Fluorescently Labeling Cells with DiI(1,1’-Dioctadecyl-3,3,3’,3’-Tetramethylindocarbocyanine Perchlorate)
2.1. To begin, centrifuge a minimum of 2 x 106 cells in 5 milliliters of PBS (pronounce as P-B-S) at 200 times g for 5 minutes [1] and aspirate the supernatant. Resuspend the cell pellet in 5 milliliters of DiI (pronounce as Dye-eye) staining solution [2].
2.1.1. Talent places a tube into a centrifuge.
2.1.2. CU: Talent removes the supernatant, and adds staining solution.
2.2. Incubate the cells at 37 degrees Celsius protected from light for 20 minutes [1], then, vortex gently [2], and incubate the cells on ice for 15 minutes protected from light [3].
2.2.1. Talent places the tube into an incubator.
2.2.2. Talent vortexes the tube.
2.2.3. Talent places the tube on ice in the dark.
2.3. Then, centrifuge the cells at 200 times g for 5 minutes [1] and aspirate the supernatant. Wash the cells by adding 5 milliliters of PBS [2], centrifuging at 200 times g for 5 minutes [3] and aspirating the supernatant. Repeat the wash one additional time [4]. 
2.3.1. Talent places the tube into a centrifuge. Videographer: Take multiple shots, as this will be used later.
2.3.2. CU: Talent removes the supernatant, and adds 5 mL of buffer. Videographer: Take multiple shots, as this will be used later.
2.3.3. Use 2.3.1
2.3.4. Use 2.3.2
2.4. Resuspend the cells in 1 microliter of PBS per 250,000 live cells and transfer them to a 1.5-milliliter microcentrifuge tube [1]. Keep the resuspended cells on ice in the dark [2].
2.4.1. CU: Talent adds buffer into the tube, and transfers into another tube.
2.4.2. Talent places the tube on ice in the dark.
3. Microinjecting Zebrafish Larvae
3.1. Prior to staining cells and injecting, make agarose plates for injecting by pouring 25 milliliters of 3% agarose in 1x TBE (pronounce as T-B-E) into a Petri dish and allow it to solidify [1]. Store the plates at 4 degrees Celsius for up to 2 weeks [2].
3.1.1. Talent pours agarose into a dish.
3.1.2. Talent places the plates into a refrigerator.
3.2. Also prior to staining cells and injecting, dechorionate 2-day-post-fertilization zebrafish using forceps under a dissecting microscope. Pull from the opposite ends of the protective chorion of the zebrafish with forceps until the chorion tears and the zebrafish becomes unenveloped [1]. 
3.2.1. SCOPE: Talent dechorionates zebrafish.
3.3. To prevent clumping of cells during microinjection, prechill nonfilamentous borosilicate glass needles at 4 degrees Celsius or on ice [1]. Immediately after staining cells, use a microloader pipette tip to load 5 microliters of the stained cells into the chilled needle [2]. 
3.3.1. Shot of needles on ice.
3.3.2. CU: Talent loads the cells into the needle.
3.4. Load the needle into the microinjector arm [1]. Bevel the needle tip using a sterile razor blade [2]. Using a stage micrometer, measure the droplet size in mineral oil. Keep the droplet volume consistently at 2 nanoliters, which is around 1.5 millimeters in diameter [3].
3.4.1. Talent loads the needle into a microinjector arm.
3.4.2. ECU: Talent cuts the needle tip.
3.4.3. SCOPE: Talent measures the droplet size.
3.5. One minute after anesthesia, transfer the anesthetized larvae to a prepared flat-surface injection plate with 3 percent agarose [1] and inject the larvae with one pump of stained cells at the desired injection site. All injections should be completed within 1 to 3 hours after staining the cells to prevent clumping of the needle [2].
3.5.1. Talent shows the larvae in a dish.
3.5.2. SCOPE: Talent injects with stained cells. Important Step
3.6. Wash the larvae off the injection plate into a 10 centimeter Petri dish containing E3 (pronounce as E-three) media without methylene blue [1] and incubate at 28 degrees Celsius for a 1-hour recovery period [2]. 
3.6.1. Talent washes the larvae into a dish with media.
3.6.2. Talent places the dish into an incubator.
3.7. Move the dish of the injected larvae to a 34-degree Celsius incubator, with an empty Petri dish placed between the shelf and the Petri dish of larvae to act as a buffer [1].
3.7.1. Talent places the dish onto another dish in an incubator.
4. Setting up Drug Screen with Xenografted Zebrafish
4.1. At 48 hours post injection, screen zebrafish larvae for fluorescent tumor cell engraftment and health [1]. Remove any dead or malformed zebrafish and select zebrafish with similar engraftment [2]. Remove unengrafted zebrafish [3]. 
4.1.1. LAB MEDIA: Figure 2C&D
4.1.2. LAB MEDIA: Figure 2C&D – Video editor: Emphasize 1−3 and 1’−3’.
4.1.3. LAB MEDIA: Figure 2C&D – Video editor: Emphasize 5 and 5’.
4.2. For yolk injected fish, remove fish where borders of the yolk cannot be seen around the engrafted cell mass [1]. For pericardium injected fish, remove fish where injected cell mass encroaches into the yolk sac [2]. 
4.2.1. LAB MEDIA: Figure 2C – Video editor: Emphasize 4.
4.2.2. LAB MEDIA: Figure 2D – Video editor: Emphasize 4’.
4.3. To transfer the selected zebrafish to a 96-well plate, first cut the tip off of a 200-microliter pipette tip, just large enough for a 4-day-post-fertilization zebrafish to fit through [1]. Aspirate 150 microliters of E3 media with one zebrafish from the plate using the P200 pipette [2], and add it to an empty well of a flat-bottom 96-well plate [3]. 
4.3.1. Talent cuts the tip off a pipette tip.
4.3.2. CU: Talent draws up the fish and media. Important Step
4.3.3. Talent dispense the fish and media into a well. Important Step
4.4. Add 150 microliters of 2x diluted drug solution to each well containing zebrafish larvae to reach a final volume of 300 microliters with 1x drug solution per well [1]. Incubate the plate at 34 degrees Celsius [2]. Check for dead zebrafish daily [3].
4.4.1. Talent adds solution into wells. Important Step
4.4.2. Talent places the plate into an incubator. Important Step
4.4.3. Talent takes out the plate to check.
4.5. After 2 days, if desired, refresh the drug by replacing 200 microliters of liquid from each well with 1x drug solution or DMSO (pronounce as D-M-S-O) in E3 media [1]. 
4.5.1. Talent refreshes liquid in the wells.
5. Imaging Xenografted Zebrafish and Quantifying Fluorescence
5.1. In the ZenBlue software, remove all unwanted fluorescent channels in the imaging software and add the DiI (pronounce as Dye-eye) channel. Check the desired fluorescent channel [1]. In the same window, select how the images will be taken, z-stacks, automation, loops in series, etc. [2]. 
5.1.1. SCREEN: Talent removes unwanted channels, and check desired channels. 60996_Screenshot_1 00:02 - 00:17
5.1.2. SCREEN: Talent points to the methods of image taking. 60996_Screenshot_2 00:02 - 00:12
5.2. Image the DMSO control fish before the drug-treated fish [1], and set the appropriate exposure time in the imaging software [2].
5.2.1. The imager loads the control fish.
5.2.2. SCREEN: Talent sets the exposure time. 60996_Screenshot_3 00:02 - 00:15
5.3. To quantify the fluorescence, open ImageJ software. Go to File, Open and select the desired .czi file. The software brings up an import options window [1]. For stack viewing, select Hyperstacks, check Open Files Individually, check Autoscale, and check Split Channels [2]. For the color option select Colorized [3].
5.3.1. SCREEN: Talent opens ImageJ, and selects file type. 60996_Screenshot_4 00:00 - 00:12
5.3.2. SCREEN: Talent selects for stack viewing. 60996_Screenshot_4 00:12 - 00:19
5.3.3. SCREEN: Talent selects colorized. 60996_Screenshot_4 00:25 - 00:28
5.4. Then, click Plugins, Macros, Record. Click Image, Adjust, Threshold. Select image type as red in the dropdown menu on the right side of the threshold window [1].
5.4.1. SCREEN: Talent selects image type. 60996_Screenshot_5 00:02 - 00:18
5.5. Adjust the minimum threshold until the software is only highlighting areas with fluorescence and then click Apply. The software converts the photo to black and white, with the selected area in black [1].
5.5.1. SCREEN: Talent adjusts the minimum threshold to convert the photo to black and white. 60996_Screenshot_6 00:02 - 00:16
5.6. Click Analyze, and Measure. The software pulls up a results window containing the fluorescent area for that image. Click Create on the Macro Recorder window. This opens up a new window with the code for the macro. [1].
5.6.1. SCREEN: Talent measures the fluorescent area, and clicks create on the Macro Recorder window. 60996_Screenshot_7 00:03 - 00:18
5.7. Highlight all of the desired images for analysis and open according to stacking viewing or color option [1]. Select Run on the window with the macro. The results window now contains the area for each image [2]. 
5.7.1. SCREEN: Talent highlights the images, and opens files. 60996_Screenshot_8 00:03 - 00:10
5.7.2. SCREEN: Talent selects Run on the window with the macro. 60996_Screenshot_8 00:12 - 00:21



Section – Results
6. Results: Xenografted Tumor Area
6.1. In this protocol, at 48 hours post injection, xenografted fish were screened for fluorescently labeled tumor cells and treated with chemotherapy or DMSO [1]. 
6.1.1. LAB MEDIA: Figure 2C&D
6.2. Overall, xenografted fish [1] treated with vincristine showed the largest and most consistent decrease in xenografted cell mass [2] compared to DMSO treated fish [3]. 
6.2.1. LAB MEDIA: Figure 3A
6.2.2. LAB MEDIA: Figure 3A – Video editor: emphasize the bottom four images.
6.2.3. LAB MEDIA: Figure 3A – Video editor: emphasize the top four images.
6.3. Dexamethasone treated fish showed about half the reduction in tumor area [1] compared to vincristine [2], but still showed a reduction in tumor area compared to DMSO [3].
6.3.1. LAB MEDIA: Figure 3B – Video editor: emphasize the Dexamethasone row.
6.3.2. LAB MEDIA: Figure 3B – Video editor: emphasize the vincristine row.
6.3.3. LAB MEDIA: Figure 3B – Video editor: emphasize the DMSO row.
6.4. 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Meghan Haney: This procedure can be used to screen any cancer cell line or patient sample for response to different drugs or specific targeted therapies, giving insight into each patient’s tumor [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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