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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 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

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

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]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: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 
Scriptwriter: If authors are from China, please use the second note to connect them with Yuan. Please remove the statement that does not apply before sending the draft script. 

When you are ready to submit your video files, please contact our China Location Producer, Junling Cheng.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 21
Number of Shots: 56 (SCOPE: 1; FILMABLE: 55)

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
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Authors: Please review the ethical details provided and confirm that they are accurate and complete.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Preparation of the blood–brain barrier (BBB) model
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, arrange a 12-well culture plate containing polyethylene terephthalate membrane inserts with a pore size of 0.4 micrometers and an effective membrane area of 1.12 square centimeters inside a sterile laminar-flow cabinet [1].
Authors: Please confirm that PET refers to polyethylene terephthalate in this protocol.
2.1.1. WIDE: Talent arranging the culture plate and inserts inside the laminar-flow cabinet.

2.2. Dispense 1 to 2 milliliters of collagen type I coating solution to an appropriate culture vessel and distribute it evenly over the bottom surface [1]. Add the coating solution to each cell-culture insert by dispensing 200 microliters into the apical compartment and 800 microliters into the basal compartment [2]. Then, gently agitate the plate to ensure complete membrane contact while avoiding bubble formation beneath the membrane [3].
Authors: Please specify the type and size of the culture vessel that will be used for collagen coating in the video, or confirm whether the general term “appropriate culture vessel” should be used.
2.2.1. CU: Talent dispensing collagen solution into the culture vessel and distributing it evenly to coat the bottom surface. 
2.2.2. CU: Talent dispensing coating solution into the culture insert.
2.2.3. Talent gently agitating the plate to ensure complete membrane contact without forming bubbles beneath the membrane.

2.3. Incubate the coated culture vessels and inserts at 37 degrees Celsius with 5% carbon dioxide for 1 hour [1]. After removing the coating solution, wash them twice with PBS [2].
2.3.1. Talent placing the coated culture vessels and inserts into the incubator.
2.3.2. Talent rinsing the coated culture vessels and inserts with PBS.

2.4. Maintain the coated culture vessels and inserts at 37 degrees Celsius with 5% carbon dioxide and use them within 3 days [1]. Immediately before use, rinse them once with PBS [2]. 
2.4.1. Talent placing coated culture vessels and inserts in the incubator.
2.4.2. Talent rinsing the coated culture vessels and inserts with PBS before use.

2.5. On Day 0, detach the human brain microvascular endothelial cells using recombinant trypsin-like protease [1]. Centrifuge the cell suspension at 150 g for 5 minutes [2], then resuspend the pellet to obtain a single-cell suspension [3]. Following cell density determination, adjust the suspension to contain 150,000 cells in 120 microliters for each cell culture insert [4]. 

Authors: Please specify the medium or solution and exact volume used to resuspend the HBMEC pellet
2.5.1. Talent adding recombinant trypsin-like protease to detach the HBMECs.
2.5.2. Talent placing the tube containing the cell suspension in the centrifuge and closing the lid.
2.5.3. Talent resuspending the cell pellet to obtain a single-cell suspension.
2.5.4. Talent adjusting the HBMEC suspension with culture medium.

2.6. After inverting the plate, dispense 120 microliters of the human brain microvascular endothelial cell suspension onto the basal surface of each porous membrane without forming air bubbles [1]. Incubate the covered 12-well plate in an inverted position for 6 hours [2]. 
2.6.1. CU: Talent dispensing 120 microliters of the HBMEC suspension onto the basal membrane surface while avoiding air bubbles.
2.6.2. Talent incubating the covered 12-well plate in the inverted position.
Authors: Please confirm whether the plate incubation step is performed in an incubator and specify the incubation conditions.

2.7. Return the plate to its upright orientation [1]. Add complete Endothelial Cell Medium to each cell culture insert by dispensing 200 microliters into the upper chamber and 800 microliters into the lower chamber [2], then continue the incubation [3].
Authors: Please confirm whether the plate incubation step is performed in an incubator and specify the incubation conditions and time.
2.7.1. Talent returning the plate to its upright orientation.
2.7.2. CU: Talent dispensing complete endothelial cell medium into the cell culture insert chamber.
2.7.3. CU: Talent placing the plate in the incubator.

2.8. On Day 1, detach human astrocyte cells using recombinant trypsin-like protease [1] and RFP-labeled human microglial HMC3 (h-m-c-three) cells using 0.25% trypsin-EDTA [2]. Centrifuge each cell suspension at 200 g for 5 minutes [3], then resuspend each cell type separately [4].
Authors: Please specify the medium and volume used to resuspend each cell type.
2.8.1. Talent detaching HA cells using 1× recombinant trypsin-like protease.
2.8.2. Talent detaching HMC3-RFP cells using 0.25% trypsin-EDTA.
2.8.3. Talent placing two separately labeled cell suspensions in the centrifuge.
2.8.4. Talent resuspending the cell pellets separately.

2.9. Following the determination of the density of each cell suspension, combine 20,000 human astrocyte cells with 4,000 RFP-labeled human microglial HMC3 cells for each cell culture insert [1]. Centrifuge the mixed cells at 200 g for 5 minutes [2]. 
2.9.1. Talent mixing the required numbers of HA and HMC3-RFP cells.
2.9.2. Talent placing the mixed-cell suspension in the centrifuge and closing the lid.

2.10. After removing the supernatant, resuspend the pellet in 200 microliters of mixed complete medium containing Astrocyte Medium and Minimum Essential Medium at a 5 to 1 ratio [1]. Add 200 microliters of cell suspension evenly to the upper chamber while avoiding air bubbles [2].  
2.10.1. CU: Talent resuspending the mixed-cell pellet in 200 microliters of complete medium.
2.10.2. CU: Talent dispensing 200 microliters of cell suspension into the upper chamber while avoiding air-bubble formation.

2.11. Add 800 microliters of complete Endothelial Cell Medium to the lower chamber [1]. Maintain the plate in an upright position in the incubator [2] and replace the medium daily [3].
Authors: Please specify the incubation conditions and confirm whether the medium in both chambers is replaced daily.
2.11.1. CU: Talent dispensing 800 microliters of complete endothelial cell medium into the lower chamber.
2.11.2. Talent placing the upright plate in the incubator.
2.11.3. Talent replacing the culture medium.


3. Preparation of three-dimensional tumor spheroids
Demonstrator: Click here to enter name of demonstrator(s)

3.1. After the human breast cancer SK-BR-3 (s-k-b-r-three) cells are 80%–90% confluent, detach them using 0.25% trypsin-EDTA [1]. Centrifuge the cells at 200 g for 5 minutes [2], then resuspend the pellet to obtain a single-cell suspension [3]. Following cell-density determination, adjust the cell suspension so that each 30-microliter droplet contains 20,000 cells [4].
Authors: Please specify the medium and volume used to resuspend the cell pellet.
3.1.1. Talent detaching the SK-BR-3 cells using 0.25% trypsin-EDTA.
3.1.2. Talent placing the cell suspension tube in the centrifuge and closing the centrifuge.
3.1.3. Talent resuspending the cell pellet to obtain a single-cell suspension.
3.1.4. Talent adjusting cell suspension with culture media.

3.2. For hanging-drop formation, invert a 10-centimeter cell-culture dish [1] and dispense approximately 20 evenly spaced, 30-microliter droplets of the cell suspension onto the culture-dish lid [2]. After replacing the bottom of the dish, quickly invert the assembled dish [3]. 
3.2.1. Talent inverting a 10-centimeter cell-culture dish.
3.2.2. CU: Talent dispensing 30-microliter droplets of the cell suspension onto the dish lid.
3.2.3. Talent inverting the assembled culture dish to form hanging drops.

3.3. For spheroid culture, add 5 milliliters of PBS to the culture dish [1], then place it in the incubator without disturbing it for the first 2 days [2]. During long-term culture, add 10 microliters of complete culture medium to the edge of each droplet every 2 days without contacting the tumor spheroid [3].
Authors: Please confirm that the “culture dish” represents the bottom of the culture dish.
3.3.1. Talent adding 5 milliliters PBS to the bottom of the culture dish.
3.3.2. Talent placing the assembled dish in the incubator carefully.
3.3.3. CU: Talent dispensing complete culture medium at the edge of a hanging droplet.
4. Preparation of the simplified blood–tumor barrier (BTB) model 
Demonstrator: Click here to enter name of demonstrator(s)

4.1. On Day 2, thaw the basement membrane matrix on ice [1]. After removing the culture medium from both chambers, wash them with PBS [2]. 
4.1.1. Talent placing the basement membrane matrix on ice.
4.1.2. Talent rinsing the upper and lower chambers with PBS.

4.2. Dispense 800 microliters of complete Endothelial Cell Medium into the lower chamber [1]. Using a pre-cooled pipette tip, rapidly transfer 30 microliters of thawed, ice-cold basement membrane matrix into the upper chamber [2]. Spread the matrix evenly over the porous membrane [3].
Authors: Please confirm that the sequence is correct.
4.2.1. CU: Talent dispensing 800 microliters of complete endothelial cell medium into the lower chamber.
4.2.2. Talent rapidly dispensing 30 microliters of ice-cold basement membrane matrix into the upper chamber using a pre-cooled pipette tip.
4.2.3. CU: Talent spreading the matrix evenly across the porous membrane.

4.3. Incubate the plate at 37 degrees Celsius for 20 minutes [1]. Slowly dispense 200 microliters of mixed complete medium along the sidewall of the upper chamber [2], then return the plate to the incubator [3].
Authors: Please specify the conditions and duration of the incubation after the plate is returned to the incubator.
4.3.1. Talent placing the plate in the incubator.
4.3.2. Talent slowly dispensing mixed complete medium along the sidewall of the upper chamber.
4.3.3. Talent placing the plate in the incubator.

4.4. On Day 3, examine the tumor spheroids using an upright microscope to confirm the formation of compact, regularly shaped spheroids [1]. Using a cut-off pipette tip, gently transfer the tumor spheroids into 1.5-milliliter microcentrifuge tubes [2], then wash them twice with PBS while avoiding spheroid disruption [3].
Authors: Please specify any size or diameter criteria used to select tumor spheroids for transfer.
Authors: Please confirm whether the tumor spheroids will be recorded directly through the upright microscope or displayed on a monitor during filming.
4.4.1. SCOPE: Microscopic images of compact, regularly shaped tumor spheroids.
4.4.2. CU: Talent gently aspirating the tumor spheroids with a cut-off pipette tip and transferring them into a 1.5-milliliter microcentrifuge tube.
4.4.3. Talent gently washing the tumor spheroids with PBS without disrupting their structure.

4.5. Replace the medium in the lower chamber [1] and remove the culture medium from the upper chamber [2].
Authors: Please specify the volume and composition of the replacement medium in the lower chamber.
4.5.1. Talent adding the culture medium in the lower chamber.
4.5.2. Talent removing the culture medium from the upper chamber.

4.6. Using a cut-off pipette tip, gently transfer five tumor spheroids into each upper chamber [1]. Add 200 microliters of mixed complete culture medium to the
upper chamber [2], then gently agitate the plate to prevent the spheroids from contacting or merging [3]. 
4.6.1. Talent transferring tumor spheroids into an upper chamber using a cut-off pipette tip.
4.6.2. Talent adding mixed complete culture medium to the upper chamber.
4.6.3. Talent gently agitating the plate to keep the tumor spheroids separated.

4.7. Maintain the plate in the incubator and replace the culture medium daily, as demonstrated earlier [1]. Collect samples on Day 7 for subsequent experiments or adjust the collection time when required by the experimental design [3].
Authors: Please specify the incubation conditions.
Authors: Please specify whether the medium in both chambers is replaced daily.
4.7.1. Talent placing the plate in the incubator.
4.7.2. Talent collecting samples from the completed BTB model.













Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 159.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. In the spheroid-free blood–brain barrier control, signals from RFP-labeled human microglial HMC3 cells were broadly distributed across the apical cell layer [1]. In contrast, the blood–tumor barrier model showed reduced RFP signals beneath and immediately adjacent to the tumor spheroids [2]. 
5.1.1. LAB MEDIA: Figure 2. Video editor: Highlight the top image in the HMC3-RFP column.
5.1.2. LAB MEDIA: Figure 2. Video editor: Highlight the bottom image in the HMC3-RFP column.

5.2. Compared with the spheroid-free blood–brain barrier control, the blood–tumor barrier model showed stronger glial fibrillary acidic protein fluorescence in both the distal and peri-spheroid regions [1]. At the spheroid margin, astrocytes displayed enlarged cell bodies and thicker, elongated processes oriented toward the spheroid edge [2].
5.2.1. LAB MEDIA: Figure 2. Video editor: In the GFAP column, first, highlight the top panel image, then highlight the middle and bottom panel images.
5.2.2. LAB MEDIA: Figure 2. Video editor: In the merge column, highlight the bottom panel image.

5.3. Zonula occludens-1 staining showed continuous, well-defined endothelial cell borders in the spheroid-free blood–brain barrier control [1]. In contrast, regions corresponding to tumor spheroids in the blood–tumor barrier model displayed sparser and discontinuous staining, consistent with localized tight-junction disruption [2]. Compared with the spheroid-free control, the spheroid-containing blood–tumor barrier model showed significantly lower transendothelial electrical resistance and higher permeability, indicating reduced barrier integrity [3].
5.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight all three images in the top panel together, then emphasize the middle (ZO-1) and right (Merge) images of the top panel.
5.3.2. LAB MEDIA: Figure 4A. Video editor: Highlight all three images in the lower panel together, then emphasize the middle (ZO-1) and right (Merge) images of the lower panel.
5.3.3. LAB MEDIA: Figure 4B. Video editor: First, highlight the decrease from the pink bar to the green bar in the first plot. Then, emphasize the increase from the pink bar to the green bar in the second plot.
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