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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?   No

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 11/29/2024


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.

Current Protocol Length
Number of Steps: 23
Number of Shots: 53

Interviews 
1. [bookmark: _Hlk138956231]Video 1: Author Spotlight: Innovative Heat Treatment Research for Glioblastoma and Fatal Brain Metastases
Ethics Title Card
This research has been approved by the Animal Care Committee at the University of Manitoba in accordance with the ethical guidelines set by the Canadian Council for Animal Care (CCAC)

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Thomas Klonisch: The teamOur research focuses on adult brain tumors. This includes, here glioblastoma primary glioma, as well as brain metastases., the most severe and most frequent brain tumor, and certain fatal brain metastases. We have developed new cell and animalbrain tumor mouse models and want to identify more effective treatments options for patients with these deadly brain tumorsfatal conditions.
Glioblastoma is the most severe and most frequent primary brain tumor. In more than 20% of glioblastoma patients, these tumors cannot be removed surgically. In these cases, Laser Interstitial Thermal Therapy is used clinically to target these aggressive brain tumors.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What technologies are currently used to advance research in your field?
1.2. Sabine Hombach-Klonisch: This research will provide important information on the responses of the surrounding brain to heat treatment of brain tumorsLITT is a thermal tissue ablation technology that is clinically applied for surgically inaccessible brain tumors.. Our research using LITT The mouse models we are using allow us to observe the consequences of heat treatment over time. Iwill provide important information on the tissue and cell responses to heat treatment in the tumor and the surrounding brain tissue. f weA better understanding the molecular and cellular changes in brain and immune cells at different time points after treatment, caused by LITT we will be enable us to use LITT more effectively to improve outcomes for brain tumor patients.to design more effective strategies to improve outcomes for brain tumor patients.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What are the current experimental challenges?
1.3. Santhosh Anandhan: The most critical experimental challenge is the accurate targeting and treatment of the tumor. Unlike LITT surgery used clinically in human patients, mouse models do not have real-time MRI imaging, making it difficult to target the tumor core without any visual aid.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Protocol Videos 
2. Video 2: Orthotopic Implantation and Laser-Induced Thermal Therapy (LITT) Method for CT2A Tumor Treatment in Mice
Demonstrator: Jeremy Spence
Ethics Title Card
Procedures involving animal subjects have been approved by the Animal Care Committee at the University of Manitoba in accordance with the ethical guidelines set by the Canadian Council for Animal Care (CCAC)

[bookmark: _Hlk164261745]NOTE to Authors: Please consider the following key points for shots involving live animals/survival surgery (as applicable) to avoid raising concerns by JoVE’s veterinary reviewers.
· If lifting the animal by the tail, hold it close to the tail base, not far from it.
· Shave 150% of the area surrounding a surgical site (preferably using a depilatory cream). Ensure that there are no skin injuries and no fur in the surgical field.
· Prep the surgical site with both iodine-based scrubs and alcohol.
· Use sterile gloves only for surgery (not examination or non-sterile gloves).
· Make skin incisions with a surgical blade, not scissors.
· Avoid using silk thread for closing skin incisions in survival surgeries.

Protocol
2.1. To begin, record the weight of the anesthetized mouse to calculate the correct medication dosing [1-TXT]. Carefully shave the surgical area, avoiding the eyes, ears, and whiskers [2].
2.1.1. WIDE: Talent placing the anesthetized mouse on a scale and recording its weight. TXT: Anesthesia: 3% Isoflurane vaporized in 1 L/min O2
2.1.2. Talent shaving the surgical area. 

2.2. Transfer the mouse to a stereotactic frame [1]. Position the mouse’s incisors into the hole of the bite bar and adjust the nosecone until it fits snugly,  [2], tthen tighten the retaining screw to secure it in place. [3]. 
Talent transferring the mouse onto the stereotactic frame.
2.2.1. Talent transferring to frame by placing the mouse’s incisors into the hole of the bite bar and adjusting the nosecone.
2.2.2. (Included with 2.1.1) Talent tightening the retaining screw. 

2.3. Check the depth of anesthesia by performing bilateral hind-limb toe pinches [1]. Once the mouse is properly anesthetized, secure the skull using ear pins and adjust the head to a neutral, level-plane position [2]. Apply ophthalmic ointment liberally to both eyes to prevent drying [3].
2.3.1. Talent performing toe pinches on the mouse’s hind limbs.
2.3.2. Talent securing the mouse’s skull with ear-pins and adjusting head position.
2.3.3. Talent applying ophthalmic ointment to the mouse’s eyes.

2.4. Using a 28-gauge half-inch syringe, inject meloxicam (/məˈlɑk.sɪˌkæm/) subcutaneously as a pain medication [1]. Reduce the anesthetic rate to maintain the target respiration rate [2-TXT].
2.4.1. Talent administering subcutaneous meloxicam using a syringe.
2.4.2. Talent reducing anesthetic rate and monitoring the mouse’s respiration rate. TXT: Reduce Isoflurane from 3% to 1.5 - 2% 

2.5. Next, aseptically drape the mouse [1]. Using a sterile cotton swab, apply chlorhexidine disinfecting solution, starting medially and working outward [2]. Then, using a fresh sterile cotton swab, apply 70% ethanol in the same manner using a fresh sterile cotton swab [3-TXT]. 
2.5.1. Talent draping the mouse for surgery.
2.5.2. Talent applying disinfecting solution with a sterile swab on the surgical area followed by .talent applying 70% ethanol swab on the surgical area. TXT: Repeat the scrub with chlorhexidine and 70% ethanol 2x
2.5.3. (Filmed together with 2.5.2) Talent applying 70% ethanol swab on the surgical area. TXT: Repeat the scrub with chlorhexidine and 70% ethanol 2x

2.6. After reRe-checking the anesthetic depth byand monitoring the respiration rate [1], then using a number 15 blade scalpel, make a 1 to 1.5-centimeter mid-sagittal incision starting slightly posterior to the eyes in the caudal direction [2-TXT].
2.6.1. Talent monitoring the mouse’s respiration rate.
2.6.2. Talent making mid-sagittal incision posterior to the eyes in the caudal direction. TXT: Alternatively, create a small incision and extend it with iris scissors

2.7. Now, using a sterile cotton swab, reflect the wound edges to visualize the skull [1]. Gently rub away any connective tissue from the area [2]. If necessary, use a sterile cotton swab soaked in hydrogen peroxide to clean the skull surface and visualize the cranial sutures [3].
2.7.1. Talent separating the wound edges and a shot of exposed skull.
2.7.2. Talent cleaning away connective tissue from the surgical site.
2.7.3. Talent cleaning theexposing skull surface with a cotton swab and showing the cranial suturespointing to Lambda suture.

2.8. Locate Bregma (/ˈbrɛɡ.mə/) where the left and right coronal sutures meet the sagittal suture [1]. Optionally, to make relocating Bregma during the LITT surgery easier, Using use a non-toxic colored acrylic resin and a sterile wooden toothpick and, make a small mark over Bregma [2].
2.8.1. Talent locating the Bregma point on the point of thewhere left and right coronal sutures meet. 
2.8.2. Talent making a small mark over the Bregma with colored acrylic resin. 

2.9. Next, ensure the mouse’s head is positioned in a flat plane without tilting or rotation [1]. With the microliter syringe in the frame, Zzero the stereotactic coordinates with the tip touching at Bregma. The x-coordinate refers to movement in the medial-lateral plane, the y-coordinate for anterior-posterior movement, and the z (zee)-coordinate for the dorsal-ventral plane [2].
2.9.1. Talent adjusting the animal’s head to ensure a flat, neutral plane.
2.9.2. (Additional closeup angle, PIP?) Talent adjusting the stereotactic apparatus to zero at Bregma and checking X, Y, and Z coordinates. 

2.10. Ensure that Lambda is in the same dorsal-ventral plane as Bregma, where z equals 0 at both landmarks [1]. If adjustments are necessary, ensure the skull is still fixed securelysecurely by applying gentle pressure with a sterile swab [2] [2].	Comment by Nilesh Kolhe: Authors: Voiceover narration is removed for deleted shot. Please note that the voiceover narration should match to the action shown in the video.
2.10.1. (Additional closeup angle) Talent checking alignment of Lambda and Bregma to the same dorsal-ventral plane.
2.10.2. Talent checking the skull is secured in the stereotactic frame.

2.11. Using a stereotactic drill attachment, pPosition the drill needle tip over the target area at the coordinates + (plus) 2.0 millimeters mediolateral and +0.5 millimeters anteroposterior coordinates from Bregma. [1]. Carefully lower the tip of the drill bit until it makes contact with Bregmathe skull, then zero the coordinates [1]. Slightly raise the needle tip and make a small dot at the location for the burr-hole using a sterile surgical marker  [2].	Comment by Nilesh Kolhe: Authors: Please confirm that the voiceover narration and shot description for these steps are formatted per our journal guidelines. Please review and confirm that they are acceptable and correct. 
2.11.1. Talent positioning the stereotactic drill over thetip at the target coordinates. 
2.11.2. (Combined into single shot) Talent lowering the drill bit and shot of the drill bit making contact with Bregma.making a mark at drill site with surgical marker.

2.12. Next, raise the drill bineedle t slightly so it is out of the way and and adjust it to the anteroposterior and mediolateral coordinates [1]. Lower the drill slowlydrill a hole at your marked location, taking care to burr only through the skull without damaging the meninges beneath[21].
2.12.1. Talent raising the drill bit from the Bregma and adjusting it to reach anteroposterior and mediolateral coordinates.
2.12.2. Talent drilling the hole. 

2.13. Create a second burr-hole at + (plus) 3.0 mm mediolateral and + 0.5 mm anteroposterior, or extend the original hole to this coordinate, to accommodate  for the thermocouple during the LITT procedure.  [1-TXT].
2.13.1. Talent drilling the burr hole as specified coordinates. TXT: This step can be skipped and Drill a secondary burr-hole, or extension of the original, created during the following LITT surgery in order to reduce extracranial tumor growth risk.

2.14. Next, remove the microcentrifuge tube containing CT2A (C-T-2-A) mouse glioma cells from the ice and gently flick the tube with a fingertip to resuspend the cells [1]. Using a 5 or 10 microliter syringe, gently draw approximately 2 microliters of the cell suspension [2]. Express 0.5 microliters from the syringe to remove any air [3]. Wipe the shaft of the needle with an alcohol swab to remove any residual fluid or cells [4].
2.14.1. Talent removing the tube of cell suspension from the ice and flicking it to resuspend.
2.14.2. Talent drawing cell suspension into the syringe, ensuring no bubbles.
2.14.3. Talent expelling 0.5 microliters from the syringe.
2.14.4. (combined Talentshot) Talent wiping the needle shaft with an alcohol swab.


2.15. Load the syringe into a microinjector syringe [1], sSlowly lower the needle to depth at z = -3.0 , andmm and pause for 1 minute [2]. Then, slowly retract the needle 0.5 millimeters and inject cells at a speed of 0.5 microliters per minute [3]. 
2.15.1. Talent loading syringe into a microinjector syringe. 
2.15.2. Talent lowering the needle to depth of a target site. 
2.15.3. Talent raising needle and starting injection.

2.16. After the injection is complete, wait for 22  minutes before slowly but steadily retracting the syringe for over 3 to 4 minutes,. ensuring the first 4 to 5 Pausing for up to a minute after the first several retraction intintervervals are spaced atof 100-250 micrometers to will help prevent cell displacement [1-TXT].
2.16.1. Talent carefully retracting the syringe, pausing incrementally to avoid cell dislodgement. TXT: Rinse needle with PBS and distilled water between injections to prevent pluggingclogging, and wipe with alcohol.


Closing the Wound Incision 
2.17. Re-approximate the edges of the incision [1]. Using 3 interrupted stitches with a 5-0 (5-oh) suture, close the wound while slightly everting the wound edges to ensure the underlying dermis touches [2]. Apply the povidone-iodine solution to the closed wound [3] and transfer the mouse to a paper-lined recovery cage on a warming pad set to 37 degrees Celsius [4-TXT]. Once the animal has regained sternal recumbency, it may be transferred back to its home cage [5].
2.17.1. Talent aligning the edges of the incision for closure. 
2.17.2. Talent suturing the wound with 3 interrupted stitches or applying a wound clip.
2.17.3. Talent applying povidone-iodine solution to the closed wound.
2.17.4. Talent transferring the mouse in a paper-lined recovery cage on a warming pad. TXT: Monitor the mouse at least twice daily for the next 2 days
2.17.4 [extra shot] Mouse recovering before being transferred back to home cage.
LITT Surgery
2.18. Nine days after injecting CT2A (C-T-2-A) mouse glioma cell suspension, secure the anesthetized mouse in the stereotactic frame [1]. Recreate a midline incision [2] and use a sterile cotton-tipped swab to clean the skull to remove any tissue obscuring Bregma [3-TXT].
2.18.1. Talent securing the mouse in a stereotactic frame. 
2.18.2. Talent making a midline incision.
2.18.3. Talent cleaning the skull with a cotton-tipped swab. TXT: If needed, redrill or extend the burr hole 

2.19. With the laser interstitial thermal therapy or LITT (Lit) attachment in place on the stereotactic frame, zero the coordinates at Bregma for the tip of the laser fiber [1-TXT].
2.19.1. Talent moving laser fibre over Bregma,
2.19.1a zTalent zeroing the coordinates at Bregma for the laser fiber on the stereotactic frame. TXT: As with the previous surgery, Eensure the skull is in a flat orientation.

2.20. Next, raise the laser fiber tip slightly and move to the desired medial-lateral and anterior-posterior coordinates [1]. Then, slowly lower the probe to the target dorsal-ventral coordinate to arrive at the target [2-TXT].
2.20.1. Talent adjusting the medial-lateral and anterior-posterior coordinates on the stereotactic device. Talent lowering the probe to the target dorsal-ventral coordinate. TXT: Coordinates: 2.0 mm ML, 0.5 mm AP, -2.0 mm DV
2.20.2. (included above)
2.20.3. Talent lowering the probe to the target dorsal-ventral coordinate. TXT: Coordinates: 2.0 mm ML, 0.5 mm AP, -2.5 mm DV

2.21. Set the LITT treatment parameters to Mode: continuous and Power: 1 W (Watt) [1].
2.21.1. Talent setting the LITT parameters to continuous mode and adjusting the power to 1 Watt with the screen/monitor visible in the frame. 

2.22. Next, toggle the laser from Standby to Active and engage the laser for 60 seconds using the foot pedal [1]. If the temperature rises beyond 46 degrees Celsius, pause briefly, then re-engage, aiming to maintain the temperature close to 46 degrees Celsius [2].
2.22.1.   Talent toggling the laser from Standby to Active.
2.22.2.  Talent demonstrating laser operation with temperature monitoring and pausing when the temperature exceeds 46 degrees Celsius.
2.22.2a Closeup of laser activation.

2.23. Finally, slowly retract the laser assembly [1]. Gently wipe the laser fiber and thermocouple clean with an alcohol swab [2]. Rotate the assembly out of the way, ensuring the probes do not contact the frame [3].
2.23.1. Talent carefully retracting the laser assembly from the stereotactic frame.
2.23.2. Talent wiping the laser fiber and thermocouple with an alcohol swab.
2.23.3. Talent rotating the laser assembly out of the frame without making contact. TXT: Close the wound and recover the animal as previously described.
Representative Results
2.24. T2 (Tee-two)-weighted coronal magnetic resonance images showed successful tumor implantation, with nearly 100% take rates and consistent spherical tumor formation [1].
2.24.1. LAB MEDIA: Figure 4 Video Editor: Please highlight the structure shown by white arrows from Figure 4A-C

2.25. LITT treatment resulted in consistent ablations with defined hypo-intense black areas, indicating tissue necrosis in the central core [1] and a surrounding hyper-intense white area showing peri-operative edema [2].
2.25.1. LAB MEDIA: Figure 5 Video editor: Highlight the dark black central zone shown by black arrows from Figure 5A-C
2.25.2. LAB MEDIA: Figure 5 Video editor: Highlight the white zone shown by white arrows from Figure 5A-C
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