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Title: In Vitro Modeling of Cancerous Neural Invasion: the Dorsal Root Ganglion Model
Corresponding Author: Moran Amit
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y If yes, please list make and model of your microscope: operating streo microscope: MEIJI TECHNO EMZ-13TR.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N

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.) 

3.2

3.4

3.7

4.2

4.4

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.)
3.7

4.4

E.  Will the filming need to take place in multiple locations? Y If yes, how far apart are the locations? On the same floor. 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this model is to recapitulate the cancerous neural microenvironment. This enables exploration of cancer cell-neuron interactions. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Shorook Na'ara: This method can help answer key questions in the _tumor microenvironment_ field, such as __the interaction between tumor cell and neurons and the mutual influence of each cell

1.2. Shorook Na'ara: The main advantage of this technique is that _it is reliable, easy to perform and addresses both cellular and soluble factors in the neural niche___.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Moran Amit: The implications of this technique extend towards therapeutic development and pharmacological targeting of key factors in the neural remodeling and invasion process throughout cancer development. 

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, IL-086-07-2013).
Protocol (read by voice talent at JoVE):
2. Harvesting the Spinal Cord
2.1. After euthanizing the animal in a CO2 chamber, soak the fur with 70% ethanol and allow it to dry [2.1.1-MED].  

2.1.1. Talent at bench with euthanized animal. Talent sprays/otherwise applies 70% ethanol. 
2.2. Pin the mouse in a prone position [2.2.1-MED], and then make a midline incision extending craniocaudally from the posterior neck to the lumbar spine [2.2.2-MED-over the shoulder]. 
2.2.1. Mouse is pinned in prone position on the board. Talent inserts last pin. Do not show detail of pin insertion. 
2.2.2. *film as written. Detail not required. Focus shot on Talent’s hand action rather than skin being incised. 
2.3. Next, use forceps to raise the dermal flaps bilaterally and expose the subcutaneous tissue [2.3.1-CU].
2.3.1. *film as written. (Use take 2)
2.4. Palpate the mouse skull until the craniocervical junction is identified [2.4.1-CU]. Use scissors angled perpendicular to the animal to cut through the cervical muscles and spine at the craniocervical junction [2.4.2-MED]. 
2.4.1. *film as written. 

2.4.2. *film as written. 
2.5. Then dissect the spine caudally [2.5.1-CU], and use scissors to perform a complete caudal transection at the 5th lumbar vertebrae [2.5.2-MED].
2.5.1. *film as written. 

2.5.2. *film as written. 
2.6. Use spring scissors to perform a complete caudal transection at the 5th lumbar vertebrae [2.6.1-CU].

2.6.1. *film as written. 

2.7. Next, position the mouse in a supine position [2.7.1-MED], and after making an incision along the midline from the neck to the abdomen, retract the skin laterally [2.7.2-CU], and then cut open the peritoneum [2.7.3-CU]. Cranially, open the chest wall with scissors. 

2.7.1. *film as written. Use a shot to break up all the CUs. 

2.7.2. The incision has already been made, the skin is retracted. (Use take2) 

2.7.3. *film as written.

2.7.4. Additional shot[CU]: Cranially, open the chest wall with scissors. 

2.8. After removing the peritoneal and retroperitoneal organs, use forceps and a surgical blade to cut the ribs leaving approximately 5mm of ribs protruding from the vertebral column [2.8.1-CU]. 

2.8.1. *film as written. Organs already removed before shot. 

2.9. Remove the vertebral column from the rest of the body [2.9.1-CU], and wash twice with cold PBS [2.9.2-CU-TXT].  

2.9.1. *film as written. 

2.9.2. *film as written. Only one wash wash is shown. TEXT: 2 washes in PBS. (two washes are shown)
3. Isolating the Dorsal Root Ganglia (DRG)
3.1. Position the spine facing up in the same cranio-caudal orientation on a non-adherent absorbing platform [3.1.1-MED-over the shoulder] under a stereomicroscope equipped with 4x magnification [3.1.2-MED].

3.1.1. *film as written. Placement of the spine. 

3.1.2.  The 4x objective is clicked into place. 
3.2. While looking through the stereomicroscope [3.2.1-MED], remove any spinal muscles and connective tissue [3.2.2-SCOPE]. Use the ribs as landmarks for nerves as they leave the spine. The DRG are located at the cervical, thoracic and lumbar vertebrae [3.2.3-SCOPE/CU].  
Comment: in the SCOPE shots no slits are shown, we announced the slits.
3.2.1. Talent, with dissection tools in hand, looks through the microscope. 

3.2.2. *film as written. (use take3) 

3.2.3. Using the tips of the forceps the cervical, thoracic and lumbar vertebrae are indicated. If hands are shaky then arrows can be added by the Video Editor to the still shot. (use take2, we announced the anatomy, feel free to add annotations accordingly)
3.3. Use scissors to cut the vertebral body at the midline creating a "window" to the spinal cord and then gently retract the vertebral body to expose the spinal cord and DRG roots [3.3.1- SCOPE CU]. Next, using spring scissors remove the upper rib to expose the DRG [3.3.2-SCOPE]. 
3.3.1. *film as written. (use take 2)
3.3.2. *film as written. using spring scissors remove the upper rib to expose the DRG (new action was filmed here, use take 1)
3.4. Follow the peripheral nerve medially along the rib lateral to the DRG. Identify the DRG, which can be described as looking like the yolk of a fried egg lying on the nerve [3.4.1-SCOPE]. 

3.4.1. The tips of the forceps follow the peripheral nerve along the rib lateral to the DRG. Until reaching the DRG where they pause, pointing it out. If hands are shaky, get a still shot and the Video Ed can highlight the peripheral nerve and DRG in post-production. (use take 3)
3.5. Cut the intercostal nerve distal to the DRG leaving 2 to 3 mm of nerve distal to the ganglia to be used for retraction [3.5.1-SCOPE-TXT]. 
3.5.1. *film as written. (TEXT: This ‘tail’ will be removed after harvesting). 

3.6. Carefully grasp the efferent nerve using forceps without pinching and damaging the DRG [3.6.1-SCOPE]. 

3.6.1. *film as written. 

3.7. Shorook Na'ara:  DRG handling should be done with extreme caution to avoid applying shear or tear forces directly to the neuron [3.7.1-INT]
3.7.1. Shorook Na'ara reads the above text to camera. 
3.8. Now apply gentle retraction to the DRG by pulling the nerve laterally, then cut the anterior and posterior roots close to the DRG [3.8.2-SCOPE]. 

3.8.1. This shot picks up from 3.6.1. The efferent nerve is being gently held with forceps, it is then pulled laterally and both roots are cut close to the DRG. (use take 2)
3.9. Transfer the isolated DRG to a 35 mm petri dish filled with ice cold supplemented DMEM [3.9.1-MED-over the shoulder]. 

3.9.1. *film as written. TEXT: See the written portion of the protocol for media formulation. 
4. Culturing the DRG
4.1. Working in a laminar flow hood, place a 35mm glass bottom petri dish on a paper grid on ice [4.1.1-MED]. Using a pre-cooled pipette tip [4.1.2-MED], dispense approximately 10 microliters of growth-factor depleted-ECM at the center of the grid [4.1.3-CU-TXT]. 

4.1.1. *film as written. 

4.1.2. Show pipette tip being put on pipette after removal from ice/means of cooling. 

4.1.3. *film as written. TEXT: ECM = Extracellular Matrix. 

4.2. While viewing the dish through a stereomicroscope under 2 to 4x magnification [4.2.1-MED], place the DRG at the center of the ECM, close to the bottom of the dish [4.2.2-SCOPE]. 

4.2.1. Talent placing dish on microscope stage and selecting magnification. 

4.2.2. *film as written. (use take 6)
4.3. After harvesting and washing 40,000 cancer cells of interest from confluent cultures [4.3.1-MED-TXT], re-suspend the pellet in 40 microliters of ECM on ice [4.3.2-CU]. 

4.3.1. PBS is aspirated from the pellet of 40,000 cells. TEXT: Wash cells with PBS.

4.3.2. *film as written. (use take 2)
4.4. Once again, view the grid through the stereomicroscope, measure 500 microns from the DRG and dispense 10 microliters of the cell suspension at this point [4.4.1-SCOPE-TXT]. Repeat in all directions from the DRG [4.4.2-SCOPE]
4.4.1. *film as written. TEXT: Use pre-cooled pipette tips. (use take 5)
4.4.2.  Show the ‘finished product’. The DRG surrounded by drops of cell suspension at a distance of 500 microns. (use take 2)
4.5. Leave the dish in the laminar flow hood for 10 to 15 minutes to solidify but not dry out [4.5.1-MED]. 

4.5.1. The dish in in the hood. A countdown timer counting down from 10 or 15 minutes is placed next to it. (comment: this action was by mistake shot on slit 4.6.1 take 2)
4.6. Once the ECM has solidified [4.6.1-MED-over the shoulder], slowly add supplemented DMEM by pipetting against the side-wall of the plate. Add approximately 2 ml of media, enough to cover the ECM [4.6.2-CU]. 

4.6.1. Show Talent examining the solidified ECM. Have solidified ECM in shot. (comment: this action is filmed under slit 4.6.1.1 take 1)
4.6.2. *film as written. 

4.7. Shorook Na'ra: The addition of DMEM should be done very slowly; by pipetting against the side-wall of the plate; to avoid detachment of the DRG from the plate bottom [4.7.1-INT]. 
4.7.1. Shorook Na'ra reads the above text to camera. 

4.8. Set the plate in the tissue culture incubator and follow the instructions in the written portion of the protocol to maintain the culture [4.8.1-WIDE]. 

4.8.1. Talent put the plate in the TC incubator and closes the door. 
5. Results: Cancerous Neural Invasion of the DRG
5.1. This micrograph shows the DRG at the top of the field of view and cancer cells at the bottom of the field of view on day zero after seeding [5.1.1-LM]. 

5.1.1. LAB MEDIA: 52990_Amit_Figure2A

5.2. Here, the same culture is shown 7 days after seeding [5.2.1-LM]. 

5.2.1. LAB MEDIA: 52990_Amit_Figure2B

5.3. As indicated by the arrows, cancer cells migrate along the DRG neuron [5.3.1-LM-TXT]. 
5.3.1. LAB MEDIA: 52990_Amit_Figure2C. TEXT: Scale bar = 50 microns. 

5.4. This histogram shows the DRG nerve invasion index of different types of cancer cells. It can be seen that Kpc 989 and MiaPaCa (pronounced “Miyapaka”) cells have a higher nerve invasion index than QLL2 or NIH3T3 cells (pronounced as letters and numbers) [5.4.1-LM-TXT]. 

5.4.1. LAB MEDIA: 52990_Amit_Figure3A. TEXT: P values calculated by two-sided Student t test. 
5.5. This coordinate graph depicts the migration path of a KPC cancer cell in contact with the nerve, shown in red, and a QLL2 cell, shown in purple. The Y and X coordinates are shown [5.5.1-LM-TXT]. 

5.5.1. LAB MEDIA: 52990_Amit_Figure3B. TEXT: n = 12 -20 per group. 

5.6. This figure shows an analysis from distance of origin for migrating QLL2 cancer cells with axonal contact [5.6.1-LM-TXT]. 

5.6.1. LAB MEDIA: 52990_Amit_Figure3C. TEXT: n = 20. 

5.7. Here the distance of origin is shown for KPC cancer cells. In each case the direction of migration was towards the nerve ganglion [5.7.1-LM-TXT]

5.7.1. LAB MEDIA: 52990_Amit_Figure3D. TEXT: n = 20. 

6. Conclusion (said by authors on camera)
6.1. Shorook Na'ara: While attempting this procedure, it’s important to remember to prepare more ganglia than required since the take rate is not 100%.

6.2. Moran Amit: After its development, the DRG model paved the way for researchers in the field of cancer research to explore the neural niche within the tumor microenvironment. 

6.3. Shorook Na'ara Moran Amit: After watching this video, you should have a good understanding of how to recognize anatomical landmarks such as the DRG in the mouse, extract the DRG, and finally, how to culture it in ECM. Co-culturing the DRG alongside with cancer cells is also presented. 
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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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