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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6., 3.2., 3.3., 3.12., 4.2., 4.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.5. - keep even distances when grafting the cancer cells
5. Will the filming need to take place in multiple locations? Y, different rooms same floor


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. Ligia Schmitd: This protocol allows the in vivo study of early interactions between tumor cells and nerves and the study of the molecular pathways of nerve invasion in cancer [1]. 

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

1.2. Nisha D’Silva: The main advantages of this technique are the short experimental time and the potential to study perineural invasion and other cancer phenotypes in the same experiment [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. Ligia Schmitd: Before trying this technique for the first time, we recommend practicing drilling commercial, non-fertilized eggs and harvesting the rat dorsal root ganglions to optimize your technique for both procedures [1]. 

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.4. Nisha D’Silva: Demonstrating the procedure will be Min Liu, a technician from my laboratory [1][2].  

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.4.2. 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)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Michigan.
	


Section - Protocol
2. Egg Incubation and Dorsal Root Ganglion (DRG) Harvest
2.1. Begin by incubating six commercial, pathogen-free, fertilized eggs per experimental group in an egg humidifying incubator [1] at 38 degrees Celsius and 54% humidity on the first day post-fertilization for 8 days with hourly rotation [2].
2.1.1. WIDE: Talent placing egg(s) into incubator
2.1.2. CU: Shot of rotating egg(s)
2.2. On day 8, clean the dorsal skin of a euthanized rat with 70% ethanol [1-TXT] and use scissors to remove the spine [2].
2.2.1. CU: Skin being wiped TEXT: Euthanasia: Cardiac puncture after ketamine/xylazine administration
2.2.2. CU: Spine being excised

2.3. Separate the cervical … thoracic … [1] and lumbar regions [2-TXT] and place the spine sections in a 10-centimeter culture dish with PBS to keep the tissue samples hydrated [3].

2.3.1. CU: Shot of full spine, then cervical section being separated from thoracic section
2.3.2. CU: Shot of spine from 2.3.1., then thoracic section being separated from lumbar section TEXT: See text for spinal section schematic/gross images for additional guidance
2.3.3. CU: Section(s) being placed into dish

2.4. Using delicate bone scissors, open the thoracic and cervical vertebral bones in the dorsal and ventral aspects to separate the spine into two lateral halves [1] and place the tissue sections into a clean, 10-centimeter dish with fresh PBS [2].

2.4.1. CU: Spine being opened
2.4.2. CU: Section(s) being placed into dish, with PBS container label visible in frame

2.5. Using forceps, gently detach the spinal cord from the vertebral bones to visualize the dorsal root ganglions [1].

2.5.1. CU: Cord being detached

2.6. Placing the tips of a pair of fine forceps held under each ganglion [1], grasp the tissue and pull it from the bone cavity in which it is lodged [2-TXT].

2.6.1. CU: Tips being placed under ganglion
2.6.2. CU: Tissue being grasped and pulled TEXT: Do not grasp DRG directly to avoid tissue damage/do not trim axon bundles directly from DRG

2.7. Immediately after harvesting, place each ganglion into DMEM (D-M-E-M) culture medium supplemented with 2% Penicillin and Streptomycin, or Pen/Strep (pen-strep), and 10% fetal bovine serum, or FBS (F-B-S), to help prevent bacterial contamination of the nerve tissues [1-TXT] 

2.7.1. MED: Talent placing tissue(s) into medium, with medium container visible in frame

2.8. When all of the ganglia have been harvested, transfer the tissues into a new culture dish containing fresh DMEM culture medium supplemented with 2% Pen/Strep plus 10% FBS and 1.25 micrograms/milliliter of red fluorescent dye [1] for a 1-hour incubation in the cell culture incubator [2].

2.8.1. MED: Talent transferring tissues to new dish, with medium and dye containers visible in frame
2.8.2. CU: Dish being placed into incubator 

3. Egg DRG Graft Preparation for DRG graft

3.1. To prepare the eggs for the dorsal root ganglion graft, dim the light in a laminar flow cabinet [1] and, holding the egg with the naturally-occurring air sac toward the light source, transilluminate each egg to check for chick viability and embryonic phase [2-TXT].

3.1.1. WIDE: Talent dimming light
3.1.2. CU: Shot of egg being held w/ egg sac toward light then being transilluminated TEXT: Exclude eggs w/ poor vasculature/non-fertilized eggs/eggs not consistent w/ 8dpf

3.2. Identify the attachment of the developing embryo to the chorioallantoic membrane as a dark moving vessel attached to the egg membrane [1] and use a pencil to mark the attachment to avoid interventions in this region [2].

3.2.1. CU: Shot of attachment to CAM [Author comment: In this step, we move the egg sideways quickly to identify this moving vessel that is attached to the CAM. This looks like an umbilical cord. We would like to point it with an arrow in the film, if possible]
3.2.2. CU: CAM being marked

3.3. Draw a 1.5-centimeter region in a well vascularized area at least 2 centimeters from the embryo attachment to act as an operating window area [1] and draw a 0.5-centimeter square in a less vascularized area approximately 1 centimeter from the operating window [2].

3.3.1. CU: Operating window being drawn
3.3.2. CU: Square being drawn

3.4. Then mark the center of air sac region to exclude it from the operation area [1].

3.4.1. CU: X being marked over air sac
 
3.5. Next, use a rotary tool and engraving drill [1] with a 3-millimeter diameter bit to carefully drill the egg shell within the marked square [2].

3.5.1. MED: Talent adding bit to drill
3.5.2. CU: Egg being drilled

3.6. Use blunt forceps to remove the egg shell without removing the white outer egg shell membrane right under the shell [1]. 

3.6.1. CU: Shell being removed

3.7. Use the drill to carefully make a pinpoint drill perforation in the marked cross in the air sac area to allow air flow into the egg without breaking or damaging the shell [1] and add 30 microliters of HBSS to the square opening over the intact outer egg shell membrane [2].

3.7.1. CU: Cross being drilled
3.7.2. CU: HBSS being applied

3.8. Using a 30-gauge needle, make a pinpoint perforation in the outer membrane within this square area [1].

3.8.1. CU: Perforation being made 

3.9. Next, hold the egg up to the light source to visualize the air sac [1] and apply pressure to an eyedropper rubber bulb [2].

3.9.1. MED: Talent hold egg up to light source
3.9.2. CU: Pressure being applied [Author comment: we filmed this step separately, but that was awkward. We also filmed this pressure being applied in the following step (3.10), and the flow looks better)

3.10. Place the eyedropper bulb over the small perforation within the air sac [1] and release the pressure on the bulb until a separation of the two outer membrane and chorioallantoic membranes within the open operating window area is observed [2], repeating the pressure application this step until a complete separation of the membranes is achieved [3].

3.10.1. CU: Eyedropper being placed (with pressure applied)
3.10.2. CU: Pressure being released/membranes separating
3.10.3. CU: Shot of completely separated membrane Video Editor: please add arrows to highlight borders of separated membrane area similar to in Figure 3G as possible

3.11. When all of the eggs have been modified in the same manner [1], drill the circular operating window in one egg, taking care not to rupture the outer egg shell membrane [2], and use the sticky side of a piece of adhesive tape to remove any loose particles from the shell [3].

3.11.1. MED: Talent placing egg back into holder
3.11.2. CU: One egg being drilled
3.11.3. CU: One egg being cleaned

3.12. Using blunt forceps, remove the egg shell from the drilled area [1] followed by the outer egg shell membrane, taking care not to introduce small shell particles inside the egg to minimize contamination [2].

3.12.1. CU: Egg shell being removed from drilled area
3.12.2. CU: Outer egg shell membrane being removed

3.13. When the egg shell and outer membrane have been removed as demonstrated [1], cover the eggs with a paraffin wax membrane [2] and place the eggs back into the egg incubator without rotation until the dorsal root ganglia are ready for grafting [3].

3.13.1. CU: Shot of CAM membrane visible inside egg 
3.13.2. MED: Talent covering the egg with paraffin wax membrane
3.13.3. MED: Talent placing egg(s) into incubator

4. DRG and Tumor Cell Grafting 

4.1. For grafting of a dorsal root ganglion onto the chorioallantoic membrane, use fine, sterile forceps to carefully grasp one ganglion in the culture dish [1] and gently wash the tissue in a container of fresh HBSS [2].

4.1.1. WIDE: Talent grasping DRG
4.1.2. CU: DRG being washed, with HBSS container label visible in frame

4.2. Place the ganglion onto the chorioallantoic membrane of one egg, being careful not to puncture the membrane [1] and cover all of the egg openings with sterile transparent film dressings [2]. 

4.2.1. CU: DRG being placed onto CAM
4.2.2. CU: Film being placed over egg

4.3. When all of the eggs have been grafted, return them to the humidifying egg incubator for 2 days without rotation [1].

4.3.1. MED: Talent placing egg(s) into incubator

4.4. At the end of the incubation, transfer the eggs to the laminar flow cabinet [1] and use scissors and forceps to open the transparent film dressing [2].

4.4.1. MED: Talent placing eggs into cabinet
4.4.2. CU: One dressing being opened

4.5. Next, add 0.5 to 1 million fluorescently-labeled tumor cells in 5 microliters of HBSS onto the chorioallantoic membrane of each egg about 2 millimeters from each dorsal root ganglion, keeping a uniform distance between the ganglia and the cells [1-TXT].

4.5.1. CU: Tumor cells being added to CAM TEXT: Caution: Do not disturb egg/ minimize spreading of tumor cells 

4.6. Then cover the eggs with a new film dressing [1] and return the eggs to the egg incubator for 7 days without rotation [2].

4.6.1. MED: Talent covering egg(s)
4.6.2. MED: Talent placing egg(s) into incubator

5. Chorioallantoic Membrane (CAM) Harvest

5.1. At the end of the incubation, place the eggs onto the laboratory benchtop [1].

5.1.1. WIDE: Talent placing eggs onto benchtop

5.2. Use a syringe to perforate the film dressing of each egg [1] and apply about 300 microliters of 4% parafolmaldehyde over each chorioallantoic membrane to slightly stiffen the tissue to facilitate the harvesting process [2].

5.2.1. CU: Film being perforated
5.2.2. CU: PFA being added to CAM (5.2.1 and 5.2.2 were filmed together)

5.3. Using scissors, remove the upper half of the egg shell with the chorioallantoic membrane attached [1].

5.3.1. CU: Egg shell being removed

5.4. Reduce the size of the shell to approximately 3 centimeters in diameter, keeping the portion of the chorioallantoic membrane where dorsal root ganglion and tumor cells were grafted within the center of the shell fragment [1].

5.4.1. CU: Shell being reduced, with CAM/DRG visible in frame as possible

5.5. Then grasp the chorioallantoic membrane with fine forceps [1] and detach the tissue from the egg shell for transfer into one well [2] of a 6-well plate containing 2 milliliters of 4% paraformaldehyde per well, dorsal root ganglion and tumor cell-side up [3].

5.5.1. CU: CAM being grasp Videographer: Can combine 5.4.1. and 5.4.2. as appropriate
5.5.2. CU: CAM being detached Videographer: Can combine 5.4.1. and 5.4.2. as appropriate
5.5.3. CU: CAM being placed into well  [Author comment: All three steps were filmed together (combined). There was an extra shot of the CAM placed inside the well that you can use to show the final result (if possible)]




Section – Results
6. Results: Representative Perineural Invasion Analyses  

6.1. The integration of dorsal root ganglia into the chorioallantoic membrane is important, as the chorioallantoic membrane provides nutrition to the dorsal root ganglion tissue during the experiment [1].

6.1.1. LAB MEDIA: Authors: please upload the image from Figure 5A to your project page in a new medial file without the arrowhead, square, or A label: JoVE Video Editor: please add arrowhead as in original Figure 5A

6.2. Microscopically, the dorsal root ganglion is observed within the connective tissue of the chorioallantoic membrane [1] and blood vessels are often seen inside the dorsal root ganglion tissue, suggesting that the chorioallantoic membrane blood supply is nurturing the grafted tissue [2].

6.2.1. LAB MEDIA: Authors: please upload the image from Figure 5B to your project page in a new medial file without the arrowheads, arrow, or B label: please add arrowheads as in original Figure 5B
6.2.2. LAB MEDIA: Figure 5B: JoVE Video Editor: please add arrow as in original Figure 5B

6.3. Implanted tumors are also identified on the chorioallantoic membrane by hematoxylin and eosin staining [1].

6.3.1. LAB MEDIA: Authors: please upload the image from Figure 5C to your project page in a new medial file without the square or C label

6.4. Depending on how much invasion is present, tumors might present with no to numerous tumor islands invading the connective tissue [1].

6.4.1. LAB MEDIA: Authors: please upload the image from Figure 5D to your project page in a new medial file without the arrows or D label: JoVE Video Editor: please add arrows as in original Figure 5D

6.5. In this representative experiment, imaging with merged fluorescence analysis revealed an increased invasion of the dorsal root ganglion in chorioallantoic membranes grafted with tumor cells [1] overexpressing the Galanin receptor 2 compared to control tumor cells [2].

6.5.1. LAB MEDIA: Figures 5G and 5H: JoVE Video Editor: please emphasize green signal and/or add arrow to indicate invasion in Figure 5H
6.5.2. LAB MEDIA: Figures 5G and 5H: JoVE Video Editor: please emphasize green signal in Figure 5G


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

7.1. Ligia B. Schmitd: This is a useful and cost-effective in vivo model of perineural invasion that can be replicated even by laboratories with limited resources [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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