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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Yes___  

Can you record movies/images using your own microscope camera? (Y/N)___Yes______  

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: _

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

__3.1, 3.2, 3.3, 3.4, 4.1, 4.2, 4.3, 4.4, 4.5, 4.8
D.  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.) _4.4 – to ensure success at this step we 1) cut the needle at a 45( angle to open the tip, 2) ensure proper anesthesia of host embryos and 3) pierce into the fourth ventricle but not beyond into the cardiac region. It may also be helpful to remove as much excess egg water from the injection plate as possible to prevent the embryo from sliding when probed, however injections should be performed quickly in this instance to prevent drying of the embryos.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? _All locations are on the same floor within 50 yards of each other.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to enable long term assessment of tumor cell behavior, such as invasion and dissemination, and test potential therapeutics in an immune-competent animal host. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rodney Stewart: This method can help answer key questions in the field of pediatric brain cancer, including the longevity of a drug response, and mechanisms driving invasion and dissemination.
1.2. Rodney Stewart: The main advantage of this technique is that it minimizes toxicity to the host which enables lasting engraftment of tumor cells and therefore long-term studies of brain cancer biology.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kate Modzelewska: The implications of this technique extend toward therapy of brain cancer, because tumor burden can be directly assessed in vivo after drug treatment.  
1.4. Mattie Casey: Generally, individuals new to this method will struggle if the tumor cell suspension is too concentrated or too dilute, making it difficult to inject consistent amounts into the fourth ventricle.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Utah.
Protocol: (read by voice talent at JoVE)
2. Preparing Equipment for Microinjection
2.1. To begin, prepare a 50-ml solution of 1.2% agarose dissolved in egg water [1-WIDE/MED-TXT].
2.1.1. Talent at bench adds agarose to egg water (TEXT: 0.6 g/L Aquarium salt in reverse osmosis water + 0.01 mg/L methylene blue) Slated as 2.1
2.2. Boil the solution until the agarose dissolves [1/b-MED] and then supplement it by adding 0.05 mg/L methylene blue [2-CU]. Pour 25 mL of the final solution into a 10-cm petri dish and allow it to solidify [3-CU].
2.1.1b Added shot: MED: Talent puts agarose solution in microwave Editor: please use in combination with 2.2.1 if possible
2.2.1. Talent removes dissolved agarose from microwave
2.2.2. Talent adds methylene blue to agarose
2.2.3. Talent pours solution into petri dish
2.3. Place the remaining 25 mL of agarose solution in a 42 (C water bath [1-MED].  Then set a 2 in-diameter beaker in the center of the solidified surface and pour the remaining 25 mL of 1.2% agarose onto the previous layer [2-CU].
2.3.1. Talent places remaining agarose in 42 (C water bath
2.3.2. Talent places beaker into center of solidified agarose and pours remaining agarose into previous layer
2.4. Maintain the injection plate at 28 (C for at least 30 min prior to injection [1-WIDE] or at 4 (C for long-term storage [1-WIDE].
2.4.1. Talent places injection plate at 28 (C
2.4.2. Talent places injection plate in fridge
2.5. Make the needles by using a needle puller to pull 10-cm capillaries with an outer dimension of 1.2 mm and an inner dimension of 0.9 mm [1-MED/CU-TXT].
2.5.1. Talent uses needle puller to pull capillary needle (TEXT: Without a filament) into two needles.
2.6. Carefully place the needle on a microscope slide wrapped in plastic paraffin film [1-CU]. Then use a razor blade to cut the end of the needle at a 45( angle to create a needle with an opening at the tip [2-SCREEN/LM].
2.6.1. Talent places needle on slide wrapped in parafilm
2.6.2. Talent uses razor to cut end of needle at 45( angle
3. Making a Tumor Cell Suspension 

3.1. After euthanizing a brain tumor-bearing fish according to the text protocol [1-CU], manually use a P1000 to disrupt the tumor mass until a uniform, cloudy solution develops [2-CU].
3.1.1. Talent sets euthanized fish on work space

3.1.2. Talent manually uses P1000 to disrupt tumor cell mass and forms cloudy solution 
3.2. Use a pipette or a 40 (m cell strainer to remove large particulates [1-CU/ECU].  Then centrifuge the suspension at 290 x g and room temperature for 5 minutes [2-MED] and remove the supernatant [3-CU].
3.2.1. Talent remove large particulates

3.2.2. Talent places tubes into centrifuge and sets speed and time

3.2.3. Talent removes supernatant from tube
3.3. Resuspend the tumor cell pellet in 100 (L of sterile PBS and transfer it to a 1.5 mL microcentrifuge tube [1-CU].  Use 250 (L of PBS to dilute 5 (L of the cell suspension [2-CU].  Then use a hemocytometer to count the number of cells [3-MED].
3.3.1. Talent finishes resuspending cell pellet and transfers suspension to new tube; Have PBS in frame

3.3.2. Talent dilutes suspension with PBS

3.3.3. Talent places hemocytometer of cells on microscope stage and looks through oculars
3.4. Centrifuge the suspension at 290 x g for 3 minutes [1-MED]. After removing the supernatant, use sterile PBS to resuspend the pellet to obtain the desired cell concentration [2-CU].   Store the tumor suspension on a 28 (C heat block during the transplantation procedure [3-MED/CU]. 
3.4.1. Talent places tubes in centrifuge and sets speed and time

3.4.2. Talent resuspends pellet with PBS

3.4.3. Talent places tubes into 28 (C heat block
4. Injecting Tumor Suspension into the Fourth Ventricle of a 2-dpf Embryo 

4.1. Using a transfer pipette, transfer 10-20 anesthetized embryos to the periphery of the injection plate [1-ECU].  The embryos should fall laterally, with the ventricles clearly visible and accessible [2-SCREEN/LM].
4.1.1. Talent transfers embryos to injection plate

4.1.2. Embryos are shown falling laterally with ventricles visible and accessible  
4.2. Use an angled probe to adjust the embryos as needed and position them away from the outer edge of the injection plate [1-SCREEN/LM].  Then use a gel loading tip to load 1 – 2 (L of the tumor cell suspension into the injection needle and [2-CU] insert the needle into the manipulator [3-CU].
4.2.1. Talent uses angled probe to adjust embryos to position them away from edge of plate

4.2.2. Talent loads tumor cell suspension into injection needle

4.2.3. Talent inserts needle into manipulator
4.3. Next, manually lower the manipulator, holding the needle at a 45( angle [1-MED/CU].  Adjust the knobs of the micromanipulator in the x, y, and z directions [2-CU] until the needle is just above and approximately 5 mm to the right of the embryo head [3-SCREEN/LM].
4.3.1. Talent lowers manipulator and holds needle at 45( angle

4.3.2. Talent adjusts knobs of micromanipulator

4.3.3. Needle is shown just above and ~5 mm to right of embryo head Take 2
4.4. Using a stereomicroscope, slowly adjust the micromanipulator in the x-direction [1-MED/CU] until the needle pierces the fourth ventricle of the embryo.  Do not allow the needle to pierce the heart or the yolk [2-SCREEN/LM].

4.4.1. Talent slowly adjusts micromanipulator in x direction

4.4.2. Needle is seen piercing the fourth ventricle without piercing the heart or yolk

4.5. Kate Modzelewska, Step 4.4: For consistent injection, embryos must be anesthetized, the tumor must be properly dissociated into a cellular suspension, and the needle must pierce the fourth ventricle but not extend beyond into the heart [1-INTERVIEW].
4.5.1. Talent recites the above statement looking off camera Slated as 4.5
4.6. Push the microinjector foot pedal to inject the tumor cell suspension [1-MED/CU][2-SCREEN/LM].  When finished injecting, use fresh egg water to gently rinse the injected embryos off the injection plate and into a petri dish [3-CU].

4.6.1. Talent pushes microinjector foot pedal

4.6.2. Cell suspension is seen injecting into embryo; Editor, place this side by side with 4.6.1

4.6.3. Talent uses egg water to wash off embryos into injection dish
4.7. Now, inspect the injected embryos under a fluorescence stereomicroscope in a dark room [1-MED]. Confirm that the injection pressure, angle, needle size, and cell suspension viscosity result in tumor cells filling 25-50% of the ventricle space [2-SCREEN/LM].
4.7.1. Talent sitting at scope looking through eyepieces
4.7.2. Fluorescent embryos showing 25-50% of ventricle space filled
4.8. Place the embryos back into the 28 (C incubator overnight [1-WIDE].  The next day, assess embryo survival by examining morphological and physiological features, such as normal heart and brain development as previously described [2-SCREEN/LM-TXT].
4.8.1. Talent places embryos back into incubator
4.8.2. Talent check embryos under scope for normal heart beat and brain development (TEXT: Westerfield, M. The Zebrafish Book. A Guild for the Laboratory Use of Zebrafish (Danio rerio).  (University of Oregon Press, 2000)).
4.9. Use a transfer pipette to dab 4% methylcellulose onto the middle of a petri dish [1-CU/ECU] and add the embryos to the methylcellulose drop [2-CU/ECU].  Use an angled probe to orient the embryos [3-SCREEN/LM-TXT] and under the fluorescence microscope, screen for a consistent engraftment size [4-SCREEN/LM].
4.9.1. Talent dabs 4% methylcellulose in middle of Petri dish 
4.9.2. Talent adds embryos to drop

4.9.3. Talent orients embryos with probe (TEXT: Ventral side facing the light source)

4.9.4. Talent checks engraftment under scope for consistent size

4.10. For maintenance of tumors, once the embryos reach 8 days post fertilization, place the transplanted embryos in tanks to grow. Image and carry out additional studies according to the text protocol [1-WIDE/MED-TXT].

4.10.1. Talent places transplanted embryos into tanks to grow (TEXT:  6 Days post injection)
5. Results: Brain Tumor Transplantation in Zebrafish
5.1. In this experiment, the central nervous system primitive neural ectodermal tumor cells were transplanted into the mitfa zebrafish mutant that lacks melanophores.  As early as 24 hours post-transplantation, tumor cells can be seen invading into surrounding brain tissue [1-LM].
5.1.1. LAB MEDIA Figure 2A, 3 dpf, Editor, for the last sentence, add in the white arrows in the fluorescence panel. 
5.2. Tumor grafts continue to grow in the ventricle and surrounding brain tissue over the next week and fluorescence can also be observed in the region of the kidneys [1-LM].
5.2.1. LAB MEDIA Figure 2A, 8 dpf, Editor, add these two panels next to the panels in 5.1 and then add in the white arrow for the tumor grafts continuing to grow, then for the region of the kidneys, add in the white stars.
5.3. Tumor cells continue to proliferate and invade, so by 28 dpf, a tumor mass can be seen throughout the zebrafish brain [1-LM].
5.3.1. LAB MEDIA Figure 2A, 28 dpf, Editor, add in these two panels next to the panels in 5.1 and 5.2 and point out the large red mass for the last portion of the sentence.
5.4. A representative group of embryos transplanted with mCherry-labeled brain tumor cells is shown in this figure.  Tumor engraftment is typically achieved in 80-90% of embryos, and tumor transplants persist into adulthood [1-LM].
5.4.1. LAB MEDIA Figure 2B, Editor, add in the panels for Fish 1, then Fish 2, then Fish 3.  For the last sentence, add in the top gray panel with the red spots and the 3 dpf label.
5.5. In this experiment, an NRAS-driven, mCherry-labeled zebrafish CNS-PNET from the optic tectum and an GFP-labeled CNS-PNET from the cerebellum were harvested by whole-tumor dissociation, processed into a single cell suspension, then mixed in a 1:1 ratio before transplantation [1-LM].
5.5.1. LAB MEDIA Figure 3A, For mCherry-labeled CAN-PNET, add in the red tube.  For the GFP-labeled CNS-PNET, add in the green tube, then for the 1:1 ratio mixed, add in the middle green and red tube with the arrows pointing towards the tube.  For transplantation, add in the bottom panel of the fish embryo and the needle showing the transplantation. 

5.6. This representative embryo that was imaged 4 days after transplantation demonstrates that the optic tectum tumor cells in red, migrate more extensively into the host brain than the cerebellar tumor [1-LM]. 
5.6.1. LAB MEDIA Figure 3B, Editor, add in the panels one at a time from left to right and add in the white arrows for the migration into the host brain.  
6. Conclusion (said by authors on camera)

6.1. Rodney Stewart: Once mastered, approximately 300 embryos can be injected over 3-4 hours.
6.2. Rodney Stewart: Following this procedure, other methods like live animal imaging and drug administration can be performed in order to answer additional questions related to tumor cell behavior, drug response, and chemoresistance. 6.1 and 6.2 combined
6.3. Rodney Stewart: After its development, this technique paved the way for researchers in the zebrafish cancer modeling field to explore novel inhibitors for treating pediatric brain cancer.
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.  

5.1– 55712_Stewart_Figure2A_3dpf.psd
5.2 – 55712_Stewart_Figure2A_8dpf.psd
5.3 – 55712_Stewart_Figure2A_28dpf.psd

5.4 – 55712_Stewart_Figure2B.psd

5.5, 5.6 – 55712_Stewart_Figure3B.psd
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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