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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes  
If Yes, can you record movies/images using your own microscope camera?
No
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
The microscope has a camera port.
World Precision Instruments – PZMTIII Trinocular Body (Cat#:501379) mounted on a Boom Stand (Cat#: 502004) 
https://www.wpiinc.com/501379-pzmtiii-trinocular-body 

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

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Same building short distances apart/different floors. 
Level 6 - Office (For interview) 
Level 6 - Cell culture room 
Level 5 - Animal procedural room 


Current Protocol Length

Number of Steps:  24
Number of Shots:  53 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

[bookmark: _Hlk110327557]REQUIRED:   
1.1. Sunil Lakhani: Brain metastasis is challenging to treat, and this protocol produces a clinically relevant mouse model with minimal extracranial tumours. This technique allows objective analysis of drug distribution and response from intracranial tumors. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.2.
 
1.2. Sunil Lakhani: The model is highly reproducible, and the brain metastases develop in a relatively short time after injection. The disease progression is similar among animals, making it easier for researchers to standardize the experiments, treatment timeline, and endpoints.  
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.10.1.

OPTIONAL:  

1.3. Malcolm Lim: For the microdissection, itMy advice for beginngers is to is recommended to practice using the forceps and syringe while looking through the dissection microscope, getting familiarized with the anatomical landmarks around the neck, and practicing the protocol in the presence of a veterinarian. 	Comment by Shalini Vasan: Authors: Dr Malcolm Lim will be introduced via an on-screen text during the interview. Hence, a re-introduction as demonstrator is not required. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.1. or 4.1.3.


Ethics Title Card 
1.4. Procedures involving animal subjects have been approved by the Animal Ethics Committee of The University of Queensland. 



Protocol
2. Preparation of Cancer Cells for Injection
2.1. Begin by seeding BT474 (B-T-four-seven-four) cancer cells at a seeding density of 2 x 106 cells into a T75 (T-seventy-five) flask using 10 milliliters of complete growth media and culture till the cells reach a confluency of 70 to 80 percent before injection [1].
2.1.1. WIDE: Talent seeding the cancer cells in complete growth media. TXT: Culture conditions: 37 °C with 5% CO2

2.2. On the day of injection, discard growth media and wash the cell monolayer with PBS (P-B-S) twice [1]. Add 5 milliliters of prewarmed cell culture dissociation reagent [2] and incubate at 37 degrees Celsius for 5 minutes or until cells have detached [23]. After 5 minutes, gently tap the flask to aid cell detachment [34]. 
2.2.1. Talent washing the cell monolayer with PBS. 
2.2.2. Cell culture dissociation reagent being added to the cells.  
2.2.3. (Added shot) Place flask into incubator
2.2.4. Take flask out of incubator and Talent tapping the flask.

2.3. Add 5 milliliters of complete growth media containing 10 percent FBS (F-B-S) to quench the dissociation reagent activity [1]. Gently resuspend the cells in the solution by pipetting to reduce cell clumps [2]. 
2.3.1. Talent adding the growth media containing FBS to the cell suspension. 
2.3.2. Cells being resuspended using a pipette.

2.4. Transfer the cell suspension into a 50-milliliter tube and centrifuge at 180 x g for 3 minutes at room temperature [1]. Decant the supernatant and resuspend the cell pellet in 10 milliliters of HBSS (H-B-S-S) without calcium and magnesium to minimize cell clumping [2].
2.4.1. Samples being placed in the centrifuge. 
2.4.2. Talent resuspending the pellet in HBSS. 

2.5. Centrifuge the cell suspension at 180 x g for 3 minutes at room temperature. Decant the supernatant to remove residual serum or dissociation reagent [1] and resuspend the cell pellet in 3 milliliters of HBSS [2]. 
2.5.1. Talent decanting the supernatant.  
2.5.2. Cell pellet being resuspended in HBSS. 

2.6. Place a 100-micrometer cell strainer on a fresh 50-milliliter conical tube and pass the cell suspension through to remove cell clumps. Calculate the number of viable cells using Trypan blue and dilute the cell suspension with HBSS to a cell concentration of 2.5 x 106 cells per milliliter [1]. 

2.6.1. Cell suspension being passed through the cell strainer.

2.7. Keep the tube horizontal on ice and gently rock the tube periodically to minimize clumping. The cell suspension can be stored on ice for a maximum of 6 hours [1]. 
2.7.1. Talent placing the tube on ice and mixing it gently.
3. Preparation of the Mouse for the Procedure 
3.1. [bookmark: _Hlk106112308]Ear punch mouse for identification and use electric clippers to shave the fur from the neck region [1-TXT]. Clean excess hair from exposed skin using tape [2].  Apply ocular lubricant to the eyes to prevent drying [3]. 
3.1.1. WIDE: Talent punching the mouse ears. TXT: See text for anesthesia and analgesia regime
3.1.2. Talent cleaning excess hair with tape. 
3.1.3. Ocular lubricant being applied to mouse’s eyes.

3.2. [bookmark: _Hlk106112314]Secure the mouse gently by hooking the upper incisor teeth using thread taped to the surgical board [1], followed by taping the front and hind legs. This step extends the body and keeps the neck straight during the procedure [2].
3.2.1. Talent hooking the mouse’s upper incisor teeth. 
3.2.2. Front and hind legs being taped.

3.3. For the preoperative skin preparation, wipe the neck with a topical antiseptic such as povidone-iodine to reduce skin microflora load and remove loose hair [1]. Clean from the center of the skin, working outward to prevent recontamination of the incision site [2].   
3.3.1. Talent wiping the neck with the antiseptic. 
3.3.2. Talent cleaning the center of the skin. Videographer: If possible, please capture the outward working pattern to clean the skin. 
3.3.1 and 3.3.2 are one shot.

3.4. Repeat the process using 70 percent ethanol and perform two alternating rounds of iodine and ethanol for disinfection [1]. Lay a sterile surgical drape over the animal [2]. Check for reflex via the ‘Pinch test’ to ensure the anesthesia depth before continuing the procedure [3]. 
3.4.1. Talent cleaning the site with ethanol. 
3.4.2. Surgical drape being placed over the animal.Talent checking the anesthesia depth by pinching the toes of the animal.
3.4.3. Surgical drape being placed over the animal.
3.4.4. Talent checking the anesthesia depth by pinching the toes of the animal.
4. Internal Carotid Injection and Post-Injection Recovery 
4.1. [bookmark: _Hlk106112340]Place the dissection microscope over the mouse [1]. Using scissors, make a vertical 15-millimeter incision along the midline at the neck region, starting from 5 millimeters below the jaw to the thoracic inlet [2]. Using two pairs of angled forceps, part the skin and underlying salivary glands and apply retractors to keep the trachea exposed [3].
WIDE: Talent positioning the dissection microscope over the mouse. (Remove this)
4.1.1. SCOPE: Vertical incision being made along the midline of the neck region.
4.1.2. SCOPE: Skin and salivary glands being parted, and retractors applied.
4.1.2 – 4.1.3 one shot
4.2. Using two pairs of fine angled forceps, bluntly dissect the muscle and fat tissue adjacent to the trachea to expose the right carotid sheath [1]. The carotid sheath is the fibrous layer covering the common carotid artery, vein, and vagus nerve, and this bundle can be visualized by the bright red common carotid artery [2-TXT]. 
4.2.1. SCOPE: Muscle and fat tissue being dissected.
4.2.2. SCOPE: Carotid artery being visualized. TXT: Site of injection: Right carotid artery (Visualisation from 1:19 – 1:28). I suggest to cut video at 1:29
4.2.1 and 4.2.2 one shot

4.3. Clear a segment of the common carotid artery caudal to the carotid bifurcation of the surrounding fascia [1] and separate it from the vagus nerve and veins [2]. 
4.3.1. SCOPE: Segment of the common carotid artery being cleared. 
4.3.2. SCOPE: Vagus nerve and veins being separated.
These are one shot

4.4. Isolate and clear the carotid bifurcation from the surrounding nerves and fascia [1]. Position fine forceps under the external carotid artery and pass a 5-0 silk suture under the artery [2]. Knot and tighten the suture and cut excess line [3]. Videographer: this step is important!
4.4.1. SCOPE: Carotid bifurcation being isolated and cleared.
4.4.2. SCOPE: Forceps being positioned, and silk suture being passed under the external carotid artery. 
4.4.3. SCOPE: Suture being knotted.
4.2.2 and 4.4.3 are one shot

4.5. Position fine forceps under the common carotid artery and pass a 5-0 silk suture under the artery [1]. Tie a knot and tighten the suture at a position proximal to the proposed injection site [2]. Cut the excess suture leaving about 10-millimeter of the line [3]. Videographer: this step is important!
4.5.1. SCOPE: Suture being passed under the artery.
4.5.2. SCOPE: Suture being tightened proximal to the injection site.
4.5.3. SCOPE: Excess suture cut.
These three are one shot
4.6. Cut and moisten a strip of low-lint disposable wipers about 10 x (by) 5 millimeters [1]. Fold the strip and place it underneath the carotid artery at the proposed site of injection. This will support the vessel during the injection [2-TXT]. Videographer: this step is important!
4.6.1. Talent moistening the wiper strips.  
4.6.2. Strip being folded (new shot) and 
4.6.3. placed underneath the carotid artery at the site of injection. TXT: Folded strip: 4 x 5 mm; 2-3 mm thick
4.6.1 and 4.6.2 one shot

4.7. On the common carotid artery rostral to the proposed injection site, place a third ligation with a loose knot. This is tightened only after the injection [1]. Gently agitate the cell suspension and draw 200 microliters of cell suspension into an insulin syringe with a 31-gauge needle [2]. Videographer: this step is important!
4.7.1. SCOPE: Ligation being placed with a loose knot. 
4.7.2. Talent drawing the cell suspension into the insulin syringe.

4.8. Load the syringe into the syringe driver connected to an activating foot pedal [1]. Attach a fine cannula with a 31-gauge needle to the syringe and prime the line [2]. Check whether the carotid artery is well-positioned and pressurized [3]. 
4.8.1. Syringe being loaded into the syringe driver. 
4.8.2. Talent attaching the fine cannula to the syringe and priming the line. 
4.8.3. SCOPE: Carotid artery position and pressure being checked.

4.9. Using two fine angled forceps, one gently tensioning onto the end of the first ligature and the other holding the 31-gauge needle [1], slowly insert the needle with bevel up into the lumen of the blood vessel taking care not to puncture it [2]. Videographer: this step is important!
4.9.1. SCOPE: Forceps being angled on the ligature and needle. 
4.9.2. SCOPE: Needle being inserted into the lumen of the blood vessel. 
4.9.1 to 4.11.1 are in one shot
4.10. Slowly inject 100 microliters of cell suspension prepared earlier into the common carotid artery at 10 microliters per second. This will deliver 2.5 x 105 cells into the blood vessel [1]. Successful injection can be visualized via the clearing of blood from the carotid blood vessel [2]. Videographer: this step is important!
4.10.1. SCOPE: Cell suspension being injected into the common carotid artery. 
4.10.2. SCOPE: Blood clearing being visualized.

4.11. Gently lift and tighten the loose ligature immediately after withdrawing the needle to prevent backflow and bleeding [1]. Trim excess suture and remove the piece of moistened low-lint disposable wipers [2]. Videographer: this step is important!
4.11.1. SCOPE: Ligature being lifted and tightened. 
4.11.2. (New shot). Trim excess sutures
4.11.3. SCOPE: Wipers pieces being removed.
4.11.2-4.11.3 are one shot
4.12. Using a P200 (P-two-hundred) pipette, rinse the surgical cavity twice with 150 to 200 microliters of sterile water or saline [1]. After checking for bleeds, reposition the soft tissue, salivary glands, and skin over the carotid artery and trachea [2]. Using a suture needle holder and forceps, suture the incision with a 5-0 silk suture [3]. 
4.12.1. Surgical cavity being rinsed with sterile water or saline. 
4.12.2. SCOPE: Soft tissue, salivary glands and skin being repositioned over the carotid artery and trachea. 
4.12.3. SCOPE: Sutures being placed. 

4.13. Inject 50 micrograms per kilogram of buprenorphine and 1 milligram per kilogram of meloxicam via subcutaneous injection as post-surgical pain relief [1]. Move the animal to a warm and clean cage to recover from anesthesia [2].
4.13.1. Talent injecting the mouse with buprenorphine and meloxicam.
4.13.2. Animal being moved into the cage.


Results
5. Results: Generation of Brain Metastasis Murine Model for Screening and Evaluating the Therapeutic Profile of Drugs 
5.1. Lectin was injected into the mice’s common carotid artery with or without external carotid artery ligation. A reduction in lectin was observed in the cheek tissues when the external carotid artery was ligated [1]. The results depicted that the ligation did not impact brain delivery [2].
5.1.1. LAB MEDIA: Figure 2. Video editor: Emphasize A and B.
5.1.2. LAB MEDIA: Figure 2. Video editor: Emphasize C and D.
5.2. Tumor progression was monitored using the luciferase-expressing HER2 (her-two)-amplified breast cancer cell line [1]. The BT474 brain metastasis model showed an increase in the bioluminescent signals from Week 5 post internal carotid injection and progressively grew thereafter [2]. 
5.2.1. LAB MEDIA: Figure 3. 
5.2.2. LAB MEDIA: Figure 3. Video editor: Emphasize the images labeled Week 5,6 and 7 respectively.
5.3. From Weeks 5 to 8, heterogeneous signal intensity indicated an intracranial tumor with complex fluid perfusion [1] Gadolinium concentration within the tumor region increased as it leaked from the blood circulation into tumor tissue [2]. 
5.3.1. LAB MEDIA: Figure 4A. Video editor: Emphasize the red arrows in middle and bottom images.
5.3.2. LAB MEDIA: Figure 4B. Video editor: Emphasize the region marked with red trace.
5.4. The accumulation of nanomedicine in brain metastases was confirmed in the BT474 mice by higher nanomedicine levels detected in the tumor region compared to the uninvolved brain regions [1].
5.4.1. LAB MEDIA: Figure 5.  Video editor: Emphasize B.
5.5. As the BT474 brain metastasis model progressed, animals began to lose up to 20 percent body weight making the median survival time 9 weeks post-injection [1].
5.5.1.  LAB MEDIA: Figure 6. 
5.6. Histology results depicted that the tumors were located unilaterally, matching the site of carotid injection [1] where the tumors mostly appeared as solid solitary masses [2]. Pockets of empty spaces were frequently observed and consisted of necrotic cells [3] while smaller outgrowths were also present in some animals [4]. 
5.6.1. LAB MEDIA: Figure 7A.
5.6.2. LAB MEDIA: Figure 7B. 
5.6.3. LAB MEDIA: Figure 7C.
5.6.4. LAB MEDIA: Figure 7E.



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Malcolm Lim: Ensure the position of the carotid artery to accurately set it up for injectionIt is important to prepare and position the carotid artery correctly before inserting the needle [1], and to apply proper tension during insertion of the needle [2]. [1]. It is crucial to position and handle the carotid artery carefully during the insertion of the needle [2].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.4.1.  4.8.3
6.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.9.2.

6.2. Malcolm Lim: This model is useful for researchers exploring drug delivery to the brain and the efficacy of new therapeutics for treatment of brain metastasis. 

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