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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?  No  


2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
We will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length
Number of Steps:  14
Number of Shots:  30

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Weijie Zhang: Leptomeningeal metastasis is a severe and often fatal form of cancer spread. Its development likely depends on interactions between tumor cells and the unique leptomeningeal environment, which can be effectively studied using animal models.	Comment by Debopriya Sadhukhan: Authors: We have edited this statement for length.

1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 2A, 2B.

What technologies are currently used to advance research in your field?
1.2. Xiaoyi Wang: To study leptomeningeal metastasis in vivo, researchers commonly use techniques such as intracardiac, intracarotid artery, or direct injection of cancer cells into the cisterna magna or cerebral ventricles. These approaches help generate reliable mouse models for LM research. 
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.1, 4.3.1, 4.4.1.

What are the current experimental challenges?
1.3. Xiaoyi Wang: Current techniques have notable limitations. For example, intracardiac injections often produce tumors outside the leptomeningeal space and can lead to death unrelated to leptomeningeal metastasis, while carotid approaches are highly invasive and time-consuming.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


What advantage does your protocol offer compared to other techniques?
1.4. Xiaoyi Wang: This protocol can robustly generate LM models. It bypasses the blood–brain barrier, precisely delivers tumor cells into the leptomeningeal space, and reduces both surgical trauma and procedure time.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 4.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the ZJU-Laboratory Animal Welfare and Ethics Review Committee (Protocol ID: ZJU20230155).


Protocol  
[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.


2. Preparation of Cancer Cells for Injection
Demonstrator: Xiaoyi Wang 

2.1. To begin, take one million Lewis lung carcinoma or LLC1 (L-L-C-one) cells in DMEM (D-M-E-M) supplemented with 10% fetal bovine serum and 0.1 milligram per milliliter penicillin-streptomycin [1] and culture at 37 degrees Celsius in a 5% carbon dioxide incubator [2]. When cells reach 70 to 90 percent confluency [3], use 2 milliliters of 0.25 percent Trypsin-EDTA solution to trypsinize them for 1 minute [4]. Centrifuge the cells at 300 g for 3 minutes [5], wash them twice with ice-cold PBS [6], and re-suspend them in 1 milliliter of PBS [7].

2.1.1. WIDE: Talent adding LLC1 cells in a cell culture dish containing DMEM supplemented with 10% fetal bovine serum and penicillin-streptomycin. 
2.1.2. Talent placing the dish with cultured cells into the incubator.
2.1.3. A shot of the 70 to 90 percent confluent cells.
2.1.4. Talent adding Trypsin-EDTA solution to the dish.  
2.1.5. Talent placing the cells in the centrifuge.  
2.1.6. Talent pipetting ice-cold PBS to wash the cell pellet.  
2.1.7. Talent re-suspending the washed pellet in PBS.

2.2. Using a hemocytometer and Trypan Blue solution, assess the concentration of viable cells [1-TXT]. Then, adjust the concentration to two million cells per milliliter in ice-cold PBS [2].

2.2.1. Talent loading the cell suspension mixed with Trypan Blue into a hemocytometer. TXT: Ensure the cell viability is >90%, with most of the cells being single
2.2.2. Talent adjusting the concentration by pipetting and diluting with PBS.

2.3. Aliquot 50 microliters of the adjusted cell suspension into separate microcentrifuge tubes to minimize repetitive pipetting [1] and keep the cell suspensions on ice until ready for injection [2-TXT].

2.3.1. Talent aliquoting 50 microliters of the adjusted cell suspension into a separate microcentrifuge tube.
2.3.2. Talent placing microcentrifuge tube containing cell suspension onto ice. TXT: 10 µL of GFP-Luciferase-labeled LLC1 cells per mouse is used here for injection


3. Mice Preparation for the Cisterna Magna Injection

3.1. After shaving the fur from the posterior occipital region of the mouse [1-TXT], apply a depilatory cream to completely remove any remaining fur from the same region [2].

3.1.1. A shot of the shaved posterior occipital region of the mouse. TXT: Anesthesia: 200 mg/kg 2% tribromoethanol, intraperitoneally
3.1.2. Talent applying depilatory cream with a cotton swab to the shaved region and removing residual fur.

3.2. Place the mouse in a prone position, with its neck resting over a 15-milliliter centrifuge tube [1]. Secure the head and lower back with tape [2] and use the index finger to palpate the space between the occiput and the C1 vertebra [3].

3.2.1. Talent gently positioning the mouse in a prone position with its neck resting on the centrifuge tube.  
3.2.2. Talent securing the head and lower back of the mouse with tape.
3.2.3. Talent locating the occiput-C1 gap with their index finger.

3.3. Disinfect the posterior occipital region with three rounds of wiping using 75% ethanol-soaked sterile cotton swabs [1], followed by cleaning with betadine surgical scrub [2]. Cover the non-sterile parts of the animal using a sterile drape [3].

3.3.1. Talent wiping the posterior occipital region with ethanol-soaked cotton swabs.  
3.3.2. Talent applying betadine scrub over the disinfected area.  
3.3.3. Talent covering the rest of the animal with a sterile surgical drape.

4. Cisterna Magna Injection Procedure and Assessment of Leptomeningeal Tumor Growth 


4.1. Gently pipette the cell suspension and aspirate 10 microliters into a 31-gauge, 8-millimeter insulin syringe [1].

4.1.1. Talent pipetting the cell suspension and aspirating 10 microliters into the insulin syringe.

4.2. Palpate the space between the occiput and the C1 vertebra of the mouse using the index finger to locate the puncture site at the lower median margin of the posterior occipital skull [1-TXT].

4.2.1. Talent palpating the space between the occiput and the C1 vertebra of the mouse using the index finger to locate the puncture site. TXT: Mark the puncture site if necessary

4.3. Insert the needle at a 45 to 50-degree angle into the cisterna magna through the identified puncture site and advance to a depth of 4 millimeters [1].

4.3.1. Talent holding the syringe at an angle and inserting the needle into the puncture site to the specified depth.

4.4. Slowly inject the cell suspension by advancing the syringe plunger, keeping the syringe steady with the hand placed on the table [1].

4.4.1. Talent slowly pushing the plunger with the syringe hand stabilized on the tabletop.

4.5. After inoculation, hold the syringe in position for an additional 10 seconds to allow intracranial pressure to equilibrate [1]. Then, withdraw the needle and press the puncture site with a sterile cotton swab for 1 to 2 minutes [2].

4.5.1. Talent keeping the syringe in place without movement.  
4.5.2. Talent withdrawing the needle and pressing the puncture site with a cotton swab.

4.6. Transfer the animals to clean cages placed on a heating pad and monitor them until they fully recover [1-TXT].

4.6.1. Talent placing the mouse into a clean cage over a heating pad. TXT: Monitor the mouse’s physical activity and inspect the injection site daily for 7 d


4.7. For the bioluminescence imaging, after anesthetizing the mouse, inject D-luciferin at 150 micrograms per gram into the retroorbital vein [1]. Place the mouse into the imaging chamber [2-TXT].

4.7.1. Talent injecting D-luciferin into the retroorbital vein.  
4.7.2. Talent placing the mouse into the imaging chamber. TXT: Position the mouse’s nose into the designated cone on the anesthesia manifold

Videographer: Please record the screen for 4.8.1 and 4.8.2 as a backup.

4.8. Immediately image the animal using the IVIS (Eye-Vis) system, setting the exposure time between 0.5 seconds and 2 minutes [1]. Confirm successful tumor cell inoculation in the leptomeningeal space by identifying a dispersed bioluminescent signal across the head and spinal cord [2-TXT].

4.8.1. SCREEN: To be provided by authors: Display the IVIS software interface as imaging begins, showing exposure time settings.  
4.8.2. SCREEN: To be provided by authors: Bioluminescent signal across the head and spine region being identified confirming tumor presence. TXT: Monitor the progression of LM every 4 d; Adjust imaging intervals based on tumor growth kinetics

Authors: Filming a computer screen sometimes produces low-quality images. Please record the screen for the SCREEN shots directly from your computer and upload them along with a summary to your project page: https://review.jove.com/account/file-uploader?src=20797998 

4.8.3. 

Results
5. Results 

5.1. In vivo bioluminescence imaging demonstrated that intra-cisterna magna injection of Lewis lung carcinoma cells led to strong signal accumulation in the brain and spinal cord, indicating successful leptomeningeal metastasis formation [1].
5.1.1. LAB MEDIA: Figure 2A.
5.2. Intra-carotid artery injection resulted in localized brain parenchymal metastases without leptomeningeal metastasis involvement [1].
5.2.1. LAB MEDIA: Figure 2B.
5.3. Intra-cardiac injection led to widespread extracranial metastases, with no evidence of leptomeningeal metastasis across three mice [1].
5.3.1. LAB MEDIA: Figure 2C.
5.4. Similar metastasis patterns were observed following cisterna magna injection of A549 (A-five-forty-nine) cells in NSG (N-S-G) mice, confirming model reproducibility [1].
5.4.1. LAB MEDIA: Figure 2D.
5.5. Hematoxylin-eosin staining showed tumor cells confined to the leptomeninges and ventricles, not parenchyma [1].
5.5.1. LAB MEDIA: Figure 3A. Video Editor: Highlight the text “Tumor Cells” and the red arrow beside this.
5.6. Immunofluorescence revealed dense GFP-positive tumor clusters in the meninges and ventricles, with sparse presence in parenchyma [1].
5.6.1. LAB MEDIA: Figure 3B. Video Editor: Highlight the green portion.
5.7. Two-photon imaging confirmed that the tumor cells were localized within the leptomeningeal space, between the cranium and brain parenchyma [1].
5.7.1. LAB MEDIA: Figure 4. Video Editor: Highlight the green portions, the text “GFP-labelled tumor cells” and the white arrow beside the text.
5.8. Stereo fluorescence microscopy also visualized the GFP-positive tumor cells on the brain surface [1].
5.8.1. LAB MEDIA: Figure 5. Video Editor: Highlight B.
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