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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No  

B.   Software Usage: Does your protocol include detailed descriptions of software usage? 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. 3.1- 3.9
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. 3.5 and 3.6
E.  Will the filming need to take place in multiple locations? Yes. If yes, how far apart are the locations? 0.1 miles connected by an accessible underground tunnel
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The goal of this method is to establish biologically relevant cancer orthotopic xenografts for preclinical studies. Patient-derived neuroblastoma cells are injected into the murine adrenal gland by ultrasound guidance without open surgery or prolonged recovery (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Erika Newman: This method can help answer critical questions in cancer biology and translational research such as studies of tumor evolution, therapeutic responses in the native microenvironment and in metastases. Such knowledge would greatly improve the reliability of preclinical studies and facilitate drug discovery [1-MED]. 
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. Erika Newman: The main advantage of this technique is that it is patient-derived, tissue-directed, efficient, and reliable in producing an orthotopic xenograft model for cancer therapy research [1-MED]. 

1.2.1. Named author states the above, looking slightly off frame, interview style. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Erika Newman: Demonstrating the critical steps in the procedure will be Sahiti Chukkapalli, a senior technician and our lab manager along with Tina Thomas, a research fellow in our laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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 University of Michigan.
1.10. Procedures involving human tissue have been approved by the Institutional Review Board (IRB) at University of Michigan.
Protocol: (read by voice talent at JoVE)
2. Preparation of Primary Patient-Derived Tumor Cells
2.1. Generate a single patient-derived cancer cell suspension from tumor tissue using a tumor dissociation kit [1-WIDE]. 
2.1.1. Talent brings the tumor dissociation kit to the hood. The tumor tissue is in an appropriate container on ice. 
2.2. Begin by transferring approximately half a gram of tumor tissue to a 100-millimeter cell culture dish containing 5-milliliters of enzyme-supplemented RPMI buffer [1-MED-TXT]. 
2.2.1. Talent cuts a piece of the tumor and then transfers it to the waiting 100 mm culture dish containing 5 mL of medium. TEXT: See written protocol for media formulations.  
2.3. Then use scissors and tissue forceps to mince the tumor into small pieces of 2 to 4 millimeters [1-CU]. 
2.3.1. *film as written. 
2.4. Pipette the tumor mixture into a dissociator tube and close the tube [1-MED-over the shoulder]. Invert the tube, attach onto the sleeve of a tissue dissociator [2-MED] and dissociate the tissue using the appropriate program [3-BROLL]. 
2.4.1. Talent pipettes the mixture from the 100 mm dish and dispenses it into a tissue dissociator tube.  
2.4.2. *film as written. 
2.4.3. Footage of the tissue dissociator in action as the tissue is dissociated. 
2.5. After dissociating, incubate the tumor cell suspension on a rotating rack at 37 °C for 1 hour [1-MED-over the shoulder]. 
2.5.1. Talent places the tube of cell suspension onto the rotating rack in the incubator, turns on the rotator and then closes the door of the incubator. 
2.6. Triturate the cell suspension every 15 minutes during the incubation [1-CU]. 
2.6.1. The cell suspension is titrated. 
2.7. Following the incubation, transfer the cell suspension to a new 50-milliliter conical tube [1-MED-over the shoulder] and add 10-milliliters of RPMI [2-MED]. Then centrifuge the cell suspension at 314 x g for 5 minutes [3-MED-over the shoulder/MED]. 
2.7.1. Talent working at the TC hood to transfer the cell suspension to a fresh 50 mL tube. 
2.7.2. Talent pipettes 10 mL from a fresh bottle of labeled medium and adds the volume to the cell suspension. 
2.7.3. Talent places the 50 mL tube and a counterbalance into the centrifuge, closes the lid and starts the spin. Multiple takes as shoe will be reused once. 
2.8. After the centrifugation, remove the supernatant [1-CU] and suspend the pellet in 5-milliliters of RPMI [2-MED]. 
2.8.1. The supernatant is removed from the tube leaving the cell pellet visible. 
2.8.2. Talent pipettes 5 mL from a fresh bottle of labeled medium, adds the volume to the cell suspension and pipettes up and down. 
2.9. Pass cell suspension through a 40-micron cell strainer and collect the strained solution into a fresh 50-millliiter tube [1-MED]. 
2.9.1. The cell suspension is pipetted into the cell strainer and is seen to drip through into a 50 mL tube. 
2.10. After washing the strainer with 5-milliliters of RPMI media [1-MED-over the shoulder], centrifuge the cell suspension at 314 x g for 5 minutes to collect a pellet [2-MED]. 
2.10.1. Talent lifts the strainer from the 50 mL tube. 10 mL is seen in the tube. 
2.10.2. Use 2.7.3. Talent centrifuging the tube. 
2.11. Count the cells using a hemocytometer [1-MED-over the shoulder]. Then suspend the pellet in RPMI to obtain a final concentration of 4 × 105 cells per 10-microliter volume [2-MED].  
2.11.1. Talent at the inverted microscope with the hemocytometer on the microscope stage counting the cells. 
2.11.2. Talent pipettes from the bottle/tube of medium and adds a volume to the tube containing the cell suspension. 
2.12. Transfer 5-microliters of this cell suspension per injection to a fresh tube [1-MED-over the shoulder] and the same volume of basement membrane matrix to make 10-microliters of cell solution for each injection [2-CU] and place on ice [3-MED-over the shoulder]. 
2.12.1. Talent pipettes a small volume from the tube of cell suspension and dispenses it into a fresh tube in a rack in the hood. 
2.12.2. Basement membrane is added to the tube and gently mixed with the pipette tip. 

2.12.3. Talent places the tube in the ice bucket. 
3. Ultrasound Guided Implantation 
3.1. Begin the implantation procedure using hair removal lotion and a shaver [1-MED-over the shoulder] to depilate the back and flank of a properly anesthetized 6 to 8-week-old immune-deficient NSG mouse [2-CU]. 
3.1.1. Talent wearing gloves, mask and cap wipes depilatory cream from the back of the anesthetized mouse 
3.1.2. The hairless area is then touched up using a shaver. 
3.2. Transfer the mouse to the imaging platform with abdominal side down [1-MED], fit and secure the nosecone to maintain isoflurane anesthesia [2-CU]. 
3.2.1. Talent places the mouse onto the imaging platform as described. 
3.2.2. The nose cone is placed over the snout of the mouse. 
3.1 Begin the implantation procedure using hair removal lotion and a shaver [1-MED-over the shoulder} to depilate the back and flank of a properly anesthetized 6 – 8 week old immune deficient NSG mouse [2-CU].


3.1.1. Talent wearing gloves, mask, and cap wipes depilatory cream from the back of the anesthetized mouse. 


3.1.2. The hairless area is then touched up using a shaver. 
3.3. Apply optical ointment over the animal’s eyes to prevent drying [1-MED-over the shoulder]. Then tape the mouse in place to prevent any inadvertent movement [2-MED]. 
3.3.1. Talent applies eye ointment to the mouse. 
3.3.2. Shot of the mouse as the limbs are taped into position. 
3.4. Next, use ultrasound visualization [1-MED] to identify the murine liver, vena cava, spleen, left kidney, and adjacent left adrenal gland [2-SCREEN].
3.4.1. The ultrasound probe is moved over the back of the mouse. 
3.4.2. SCREEN CAPTURE: The liver, vena cava, spleen, left kidney, and adjacent left adrenal gland are seen. Authors – would you be able to indicate each organ with an arrow and label overlay as they are identified?
3.5. Load a chilled Hamilton syringe fitted with a small-bore needle with 10-microliters of cell solution [1-CU]. Then, under ultrasound-guidance [1-MED-over the shoulder], gently insert a chilled 22-gauge catheter through the skin and back muscle directly into the left adrenal gland to provide a channel for cellular injection [2-SCREEN]. Remove the needle and leave the catheter in place [3-CU]. 
Added shot: Originally 3.7.1. The tip of the needle on the Hamilton syringe is inserted into the tube of cell suspension in basement membrane matrix last seen in 2.12.3 and the syringe is loaded
3.5.1. Talent manipulating the ultrasound probe and looking at the monitor. 
3.5.2. SCREEN CAPTURE: Ultrasound monitor footage of the catheter moving through the muscle and into the adrenal gland. 
3.5.3. Shot of the catheter and needle in place as the needle is removed. 
3.6. Tina Thomas: Visualization of the adrenal gland throughout the insertion of the catheter, along with the needle and its trajectory is imperative to ensure minimal injury to surrounding structures and organs, and lower the chance of murine morbidity [1-INT]. 
3.6.1. Named Talent speaks the text to camera. 

3.7. Then guide the syringe through the catheter positioned into the center of the adrenal gland [2-CU]. 
3.7.1. The tip of the needle on the Hamilton syringe is inserted into the tube of cell suspension in basement membrane matrix last seen in 2.12.3 and the syringe is loaded.  Video editor: this was moved to before 3.5. 
3.7.2. Talent’s hand guides the syringe needle through the catheter. 
3.8. Tina Thomas: As the syringe is guided through the catheter it is important to maintain catheter stability and watch the needle advance. Note that the needle itself extends approximately 2-millimeters beyond termination of the catheter [1-INT], its position easily seen on ultrasound [2-SCREEN]. 
3.8.1. Named Talent speaks the whole of the soundbite to camera. 
3.8.2. SCREEN CAPTURE: Monitor footage of the needle as it exits the catheter and extends ~2 mm from the end of the catheter. VO is Talent finishing the soundbite. 
3.9. Inject the cells into the targeted adrenal tissue. Leave the needle in place for 1 to 2 minutes to allow the basement membrane matrix to set [1-CU]. 
3.9.1. Talent’s thumb depresses the plunger of the syringe. After the plunger is fully depressed, the syringe remains in place. 
3.10. After the basement membrane matrix has set, slowly remove the needle [1-ECU], followed by the removal of the catheter [2-CU]. 
3.10.1. The needle is slowly removed. 
3.10.2. The catheter is slowly removed. Any bleeding is quickly addressed. 
3.11. Finally, place the mouse into a recovery cage until it regains sufficient consciousness to maintain sternal recumbency before returning to the home cage [1-MED]. 
3.11.1. Talent places the anesthetized mouse in a clean cage and monitors it. Videographer, please do not show mouse staggering around. 
4. Results: In Vivo Ultrasound Imaging of Tumor Engraftment and Growth
4.1. Ultrasound imaging monitors in vivo tumor progression. This image shows an ultrasound image of the adrenal gland one week following injection [1-LM].
4.1.1. LAB MEDIA: 57558_NEWMAN_Figure3_wk1_ultrasound. Show image. 
4.2. Here, luminescence imaging of a neuroblastoma injected mouse one-week post-injection shows readings not indicative of tumor engraftment [1-LM]. 
4.2.1. LAB MEDIA: 57558_NEWMAN_Figure3_wk1_bioluminescence. Show image. Add in or highlight the text above the image of the mouse. 
4.3. After two weeks, ultrasound imaging shows tumor engraftment and progression to an area of approximately 40 square millimeters [1-LM].  
4.3.1. LAB MEDIA: 57558_NEWMAN_Figure3_wk2_ultrasound. Show image. 
4.4. Bioluminescence at two-weeks post-injection showed radiance measuring 107, which is suggestive of cell uptake and tumor growth, correlating with ultrasound findings [1-LM].  
4.4.1. LAB MEDIA: 57558_NEWMAN_Figure3_wk2_bioluminescence. Show image. Add in or highlight the text above the image of the mouse. 
4.5. Ultrasound imaging eight-weeks post-injection showed continued tumor growth with an area measurement of greater than 100 square millimeters [1-LM]. 
4.5.1.  LAB MEDIA: 57558_NEWMAN_Figure3_wk8_ultrasound. Show image. 
4.6. Again, bioluminescence confirmed the ultrasound findings with increased radiance levels of 109 [1-LM]. 
4.6.1. LAB MEDIA: 57558_NEWMAN_Figure3_wk8_bioluminescence. Show image. Add in or highlight the text above the image of the mouse. 
4.7. 3D ultrasound imaging of the tumor showed a volume greater than 100 cubic millimeters, the baseline that our laboratory utilizes for initiation of preclinical therapeutic trials [1-LM]. 
4.7.1. LAB MEDIA: 57558_NEWMAN_Figure3_3D. Show image. 
4.8. Excised tumor grossly measured greater than one centimeter in size, correlating with ultrasound measurements and luminescence signals [1-LM-TXT]. 
4.8.1. LAB MEDIA: 57558_NEWMAN_Figure3_excisedtumor. TEXT: Figure modified with permission from Van Noord, R.A. et al.11. 
5. Conclusion (said by authors on camera)

5.1. Sahiti Chukkapalli: This video provides demonstration of how to successfully establish adrenal orthotopic xenografts with patient-derived neuroblastoma cells utilizing ultrasound guidance.

5.2. Sahiti Chukkapalli: Once mastered, this technique can be done in less than 12 minutes per injection if it is performed properly.   
Provided Media

4.1.1 - 57558_NEWMAN_Figure3_wk1_ultrasound.tiff
4.1.2 - 57558_NEWMAN_Figure3_wk1_bioluminescence.tiff
4.2.1 - 57558_NEWMAN_Figure3_wk2_ultrasound.tiff
4.2.2 - 57558_NEWMAN_Figure3_wk2_bioluminescence.tiff
4.2.3 - 57558_NEWMAN_Figure3_wk8_ultrasound.tiff
4.2.4 - 57558_NEWMAN_Figure3_wk8_bioluminescence.tiff
4.3.1 - 57558_NEWMAN_Figure3_3D.tiff
4.3.2 - 57558_NEWMAN_Figure3_excisedtumor.tiff
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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