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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
3.9.,. 3.12., 4.3., 4.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.9., 4.3.
E. Will the filming need to take place in multiple locations? Y, different floors same building
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 study the effects of irreversible electroporation, or IRE (I-R-E), on pancreatic cancer in immunocompetent mice. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Rebekah White: This model can help answer many key questions regarding the role of non-thermal ablation in pancreatic cancer, such as how does IRE affect the local tumor microenvironment?
1.2. Jayanth Narayanan: The main advantage of this model is that it facilitates accurate tumor growth assessment in an immunocompetent system without requiring knock out or mutant mouse models. 
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Partha Ray: This method can provide insight into the effects of IRE on the immune system in an immunocompetent mouse model of pancreatic cancer. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or at the University of California San Diego.
Protocol: (read by voice talent at JoVE)
2. Subcutaneous (SQ) Tumor Induction

2.1. For subcutaneous tumor induction, first shave the injection site on an anesthetized 6-week-old, male C57BL/6 mouse [1-WIDE-TXT] and use an alcohol swab to clean the site two times [2-CU]. 
2.1.1. Talent shaving site (Videographer: More Talent than mouse in shot) (TEXT: Anesthesia: 2.5% isoflurane in 3 L/min O2)

2.1.2. Site being swabbed

2.2. Next, load a cold 1-mL syringe with 1‒2 x 107 cells/mL in 250 microliters of basement membrane matrix [1-MED-TXT] and depress and retract the plunger a few times to remove any air bubbles [2-CU].
2.2.1. Talent loading cells into syringe (TEXT: See text for tumor cell/BMM preparation details)

2.2.2. Bubbles being removed

2.3. Attach a 25-gauge needle to the syringe [1-MED] and load the needle with the tumor cell suspension [2-ECU].

2.3.1. Talent attaching needle to syringe

2.3.2. Needle being filled with tumor suspension Author note: This step wasn’t shot specifically. It was covered along with the previous steps
2.4. Carefully insert the needle under the skin of the injection site at a 30° angle [1-CU-TXT].
2.4.1. Needle being inserted (TEXT: Caution: Do not pierce peritoneal cavity/limb musculature)
2.5. With the needle parallel to the body, slowly inject 50 microliters of the tumor cells [1-ECU-TXT]. 
2.5.1. Tumor cells being injected (TEXT: Maintain needle at site for 10 s to allow basement membrane matrix solidification) 
2.6. After 10 seconds, slowly withdraw the needle, keeping it parallel without any sideways movement [1-CU], and gently clean the injection site with an alcohol swab before returning the mouse to its cage [2-CU-TXT].
2.6.1. Needle being withdrawn
2.6.2. Injection site being swabbed (TEXT: Repeat for each animal)
3. Orthotopic Tumor Induction
3.1. When the tumor reaches 5-7 mm, use sterile forceps and microscissors to excise the subcutaneous tumor under sterile conditions in a biosafety-level 2 hood, taking care not to puncture the peritoneal cavity [1-WIDE-TXT].
3.1.1. Talent excising tumor (TEXT: Euthanasia: CO2 asphyxiation)
3.2. Immediately wash the excised tumor two times in sterile PBS [1-MED] and use sterile scalpels to mince the tumor into 1-2 mm3 pieces [2-CU].

3.2.1. Talent washing tumor

3.2.2. Tumor being minced

3.3. Then transfer the tumor pieces into a Petri dish containing cold, sterile DMEM (D-M-E-M) basal medium on ice [1-MED].
3.3.1. Talent placing pieces into dish

3.4. To implant the tumor fragments, after confirming a lack of response to toe pinch [1-CU-TXT], apply ointment to the anesthetized recipient animal’s eyes [2-ECU] and place the mouse on its right side so that the left side of the abdomen is exposed [3-MED].

3.4.1. Toe being pinched (TEXT: Analgesia: 0.05-1 mg/kg buprenorphine; Anesthesia: 2-3% isoflurane)

3.4.2. Ointment being applied

3.4.3. Talent placing mouse on side (Videographer: More Talent than mouse in shot) 
3.5. Remove the abdominal hair with depilatory cream [1-CU] and remove the cream with gauze [2-CU].

3.5.1. Hair being removed

3.5.2. Cream being removed

3.6. After disinfecting the exposed skin with three sequential 10% povidone + iodine and alcohol wipes [1-CU], use a sterile scalpel to make a 1.5-cm incision in the skin 1-cm to the left of the midline, below the ribcage and slightly medial to the spleen [2-ECU].
3.6.1. Skin being disinfected

3.6.2. Skin incision being made 
3.7. Then extend the incision through the abdominal musculature, mirroring the overlying superficial incision [1-CU].
3.7.1. Muscle incision being made

3.8. Gently externalize the spleen with flat-tipped forceps and a sterile cotton applicator [1-ECU] and use the forceps to laterally retract the tail of the pancreas at the bottom of the spleen [2-CU].
3.8.1. Spleen being externalized

3.8.2. Pancreas tail being retracted
3.9. Using sterile forceps grasp one finely-minced tumor piece and pass a fine, 6-0 sterile suturing needle through the piece. [1-ECU] Insert the needle containing tumor fragment into the tail of the pancreas, passing the suture slowly through the tissue [2-CU-TXT].
3.9.1. Tumor piece being grasped

3.9.2. Fragment being inserted into pancreas tail (TEXT: Apply 1-2 additional sutures depending on fragment orientation in relation to pancreas)
3.10. “Take care to avoid contact between the tumor and the abdominal wall musculature and peritoneum to avoid tumor seeding.” [1-MED-interview style]
3.10.1.  Rebekah White, speaking the above interview style (looking just off-camera)
3.11. When the tumor fragment has been secured [1-ECU], completely remove the needle from the tissue [2-CU] and keep the organs completely externalized for an additional 60 seconds while inspecting for any signs of hemorrhage [3-CU].
3.11.1.  Shot of secured tumor

3.11.2.  Needle being removed Author note: Needle was removed immediately after 3.9.2 and not shown deliberately.
3.11.3.  Shot of externalized organs w/o hemorrhage 
3.12. If no bleeding is observed, use blunt forceps or a cotton tip applicator to gently return the spleen, pancreas and tumor to the abdominal cavity [1-ECU].
3.12.1.  Organs being returned to abdomen

3.13. Then use an absorbable suture to close the abdominal musculature [1-CU-TXT] and a 3-0 to 6-0 non-absorbable interrupted suture to close the skin [2-CU] and return the mouse to its cage with monitoring until full recovery [3-MED-TXT].

3.13.1.  Shot of closed musculature/suture being placed (TEXT: Close muscle w/ continuous or interrupted stitch)

3.13.2.  Shot of clsed skin/suture being placed 

3.13.3.  Talent placing mouse into cage (Videographer: More Talent than mouse in shot) (TEXT: Repeat for each animal)
4. Irreversible Electroporation (IRE)
4.1. Before the tumor reaches 6 mm in diatemere, place the anesthetized animal on its right side to allow access to the tumor [1-WIDE-TXT] and use clippers and an alcohol swab to clean the tumor site [2-CU].
4.1.1. Talent placing mouse onto side (Videographer: More Talent than mouse in shot)  (TEXT: Analgesia: 0.05-1 mg/kg buprenorphine; Anesthesia: 2-3% isoflurane)
4.1.2. Tumor site being swabbed

4.2. Using forceps, elevate the skin directly under the tumor [1-CU] and insert 2-needle array electrodes through the skin parallel to the body to bracket the tumor, taking care that the electrodes do not penetrate the peritoneal cavity [2-ECU].
4.2.1. Tumor being elevated

4.2.2. Electrode(s) being inserted

4.3. Set the electroporator to deliver 100-microsecond pulses at a 1 Hz frequency at 1500 V/cm for a total of 150 pulses [1-MED] and use the foot pedal to deliver the pulses [2-CU], separating each set of 10 pulses by 10 seconds to allow heat dissipation between each set of pulses [3-CU].

4.3.1. Talent setting electroporator, with readout visible in frame if possible

4.3.2. Foot pedal being depressed

4.3.3. Pulse(s) being delivered to tumor 
4.4. “As muscle twitching occurs during the IRE delivery and is more pronounced during the initial set of pulses, ensure that the electrodes are still in the desired location and that the animal is still sedated after each set of pulses.” [1-MED-interview style]
4.4.1. Jayanth Narayanan, speaking the above interview style (looking just off-camera)

4.5. After no more than 200 seconds of dosing, remove the electrodes [1-CU] and record the actual voltage delivered as displayed on the electroporator [2-SCREEN].

4.5.1. Electrodes being removed

4.5.2. *To be provided by Authors: Shot of electroporator readout. Video editor: This was shot on filming date.
4.6. Then return the mouse to its cage [1-MED-TXT].

4.6.1. Talent placing mouse into cage (Videographer: More Talent than mouse in shot) (TEXT: See text for full post-IRE care details)
4.7. For IRE of an orthotopic tumor, 8-10 days post tumor implantation, use blunt-nosed forceps to externalize the tumor with the forceps [1-CU-TXT] and tightly capture the tumor with the platinum electrodes of the tweezer-trode [2-ECU].
4.7.1. Tumor being externalized (TEXT: See text for tumor location/mouse 2nd surgery details)

4.7.2. Tumor being captured 
4.8. Deliver the electroporation pulses as just demonstrated [1-ECU], keeping the tumor externalized after the last set of pulses for at least 60 seconds to monitor for any signs of hemorrhage [2-CU].
4.8.1. Tumor being pulsed

4.8.2. Shot of tissue with no hemorrhage 
4.9. Then return the tumor to the abdominal cavity [1-CU] and close the incision as demonstrated, monitoring the animal until it is fully recovered [2-CU-TXT].

4.9.1. Tumor being placed into abdomen

4.9.2. Shot of closed skin incision/suture being placed (TEXT: Image IRE effects on tumor growth via in vivo bioluminescence imaging)
5. Results: Representative SQ and Orthotopic Tumor Growth Before and After IRE
5.1. In this representative experiment, subcutaneous tumors in nearly 50% of the mice regressed completely after 150 IRE pulses [1-LM] with only minor regression after 75 pulses [2-LM].

5.1.1. Figure 2.pdf: please indicate 150 pulses image or area of no tumor in 150 pulses image
5.1.2. Figure 2.pdf: please indicate 75 pulses image or area of tumor in 75 pulses image

5.2. Histological analysis of the tumor tissue 1 week post IRE revealed large regions of central tumor necrosis [1-LM] that were not observed in control, untreated tumors and that were flanked by live tumor tissue in cases of incomplete tumor regression [2-LM].

5.2.1. Figure 3 (without necrotic).psd: please add Necrotic tissue text/indicate Nectrotic tissue area in right image as in original Figure 3
5.2.2. Figure 3 (without necrotic).psd: please indicate left image

5.3. Monitoring implanted orthotopic tumors growth rates revealed a consistent tumor growth over time in recipient animals [1-LM] that could also be disrupted by IRE [2-LM], demonstrating the ability of this model to simulate the effects of IRE in an immunocompetent mouse model [3-LM].
5.3.1. Figure 4.pdf: please sequentially add/indicate images from Day 7-Day 15
5.3.2. Figure 5 (no labels).psd: please indicate Post-IRE image/area of tumor in Post-IRE image
5.3.3. Figure 5 (no labels).psd: please add/indicate Post-IRE data bar

6. Conclusion (said by authors on camera):
6.1. Jayanth Narayanan: Once mastered, this technique can be completed in 15 min/mouse if it is performed properly.

6.2. Jayanth Narayanan: While attempting this procedure, it’s important to remember to keep the tumor size within the working distance of the IRE electrodes available, as larger tumors will produce inconsistent responses due to incomplete ablation.
6.3. Partha Ray: Other treatment approaches, such as radiation or chemotherapies, can be also be used to answer additional questions about whether combining treatments can improve tumor responses to IRE.
6.4. Rebekah White After watching this video, you should have a good understanding of how to establish subcutaneous and orthotopic pancreatic cancers in mice and how to perform IRE on these tumors.

6.5. Rebekah White: Don't forget that working with an electroporator can be hazardous and that precautions, such as using a safety foot switch, should always be taken while performing this procedure.    
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
5.1.1 Figure 2.pdf Bioluminescence imaging of SubQ tumors post IRE

5.2.1 Figure 3 (without necrotic).psd H&E staining of tumor tissue

5.3.1 Figure 4.pdf  Bioluminescence imaging of orthotopic tumor growth 

5.3.2 Figure 5 (no labels).psd Orthotopic tumor growth post IRE
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 in the email accompanying the finalized script.
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