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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
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: OLE_LINK50]3. Filming location: Will the filming need to take place in multiple locations?  Yes
If Yes, how far apart are the locations? Filming will take place in three locations. One is on the 5th floor, where the interviews will be conducted. The other two are on the 2nd floor, where two separate labs will be used for the experiments. The distance between these two labs is approximately 20 meters. There is an elevator that directly connects the 5th and 2nd floors for easy transitions.

[bookmark: OLE_LINK51]4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps: 21
Number of Shots: 58

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


Authors: Statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Yihong Li: Our research focuses on developing a microfluidic glioblastoma model to investigate ultrasound-controlled transient blood-brain barrier opening and its potential for drug delivery.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Yihong Li: Existing microfluidic chips mainly assess drug permeability and lack physical stimulation. This protocol integrates ultrasound stimulation with nanoparticle-based drug delivery.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Describe the research contexts or systems in which this protocol can be applied.
1.3. Yihong Li: This protocol can be applied to screen BBB-penetrating nanomedicines, investigate ultrasound-mediated BBB disruption, and evaluate therapies targeting the central nervous system.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
CONCLUSION:

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.4. Huadong Fan: Future studies could evaluate other drugs for blood-brain barrier penetration and investigate mechanisms responsible for ultrasound-induced transient blood-brain barrier opening.

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


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

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) of Ningbo Institute of Life and Health Industry.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

Author: For better continuity and flow, Steps 5.1 in the script have been included from the unhighlighted portions of the manuscript. 
Note: With the authors’ permission, steps for HCMEC preparation that are similar to the astrocyte preparation steps demonstrated earlier have been omitted to avoid repetition.


2. Photomask Preparation and Patterning
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Demonstrator: Liyang Wu 

2.1. To begin, arrange the required materials on the workbench[1]. Place a blank silicon wafer on the spin-coater vacuum chuck and activate the vacuum to immobilize it [2]. Slowly dispense 10 milliliters of SU-8 (S-U-eight) photoresist onto its center [3]. 
2.1.1. WIDE: Talent arranging the material on the workbench
2.1.2. Talent placing the blank silicon wafer on the spin-coat and activating the vacuum
2.1.3. Talent dispensing the 10 mL photoresist onto the wafer

2.2. Spin-coat at 500 rpm for 10 seconds, followed by 2,500 revolutions per minute for 90 seconds, to obtain a uniform layer [1]. Transfer the coated wafer to a hot plate and soft-bake it at 95 degrees Celsius for 30 minutes to evaporate the solvent [2]. Allow it to cool to room temperature, then measure the SU-8 thickness with a thickness gauge [3]. 
2.2.1. Talent spin coating at 500 rpm for 10 seconds, followed by 2,500 rpm for 90 seconds
2.2.2. Talent transferring the coated wafer to a hot plate for soft-baking at 95°C
2.2.3. Talent measuring the SU-8 thickness after cooling to room temperature

2.3. For photolithographic patterning, set the mask aligner to an ultraviolet intensity of 14 to 15 milliwatts per square centimeter [1]. Align the chromium photomask with the SU-8-coated wafer and expose it to ultraviolet light for 10 seconds [2]. Immediately transfer it to a hot plate for post-exposure baking at 65 degrees Celsius for 10 seconds, followed by 95 degrees Celsius for 300 seconds [3]. 
2.3.1. CU: Talent setting the ultraviolet intensity of the mask aligner to 14-15 mW/cm2
2.3.2. Talent aligning the chromium photomask with SU-8-coated wafer and exposing it for 10 seconds
2.3.3. Talent transferring the wafer to the hot plate for baking at 65 °C for 10 s, followed by 95 °C for 300 s

2.4. After cooling the silicon wafer to room temperature, immerse the wafer in propylene glycol monomethyl ether acetate, or PGMEA, to develop for 4 to 6 minutes [1]. Rinse the silicon wafer with isopropanol to terminate development, then wash with deionized water [2]. 
2.4.1. Talent immersing the wafer in PGMEA to develop 
2.4.2. Talent rinsing the silicon wafer with isopropanol and washing with deionized water
2.5. Dry the wafer with nitrogen gas [1] and inspect the patterned microchannels under an optical microscope [2]. Then bake the completed master at 200 degrees Celsius for 1 hour to improve adhesion between the SU-8 and silicon [3].
2.5.1. Talent drying the wafer with nitrogen gas
2.5.2. SCREEN: Patterned microchannels being inspected
2.5.3. Talent keeping the wafer at 200 °C for 1 hour

[bookmark: OLE_LINK3]Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=21972553

3. PDMS chip fabrication
 
3.1. To cast the chip, mix the polydimethylsiloxane base prepolymer and curing agent at a 10-to-1 weight ratio for 30 minutes [1]. Pour the mixture over the silicon master mold until the microstructures are fully covered [2]. Degas the mold containing the mixture in a vacuum desiccator to remove air bubbles [3], then cure it in an oven at 65 degrees Celsius for 1.5–2 hours [4]. 
3.1.1. Talent mixing the base polymer and curing agent
3.1.2. Talent pouring the mixture over the silicon master
3.1.3. Talent placing the mold in the desiccator for degassing it 
3.1.4. Talent placing the mold in the oven for curing at 65 °C 

3.2. Using a craft knife, cut the cured PDMS layer along the chip boundaries and gently peel it from the silicon master mold [1]. Immerse the chip in 70% to 75% ethanol for 30 minutes for preliminary sterilization, then rinse it with deionized water and allow it to air-dry [2]. Make 2-millimeter inlet and outlet ports with a biopsy punch [3].
3.2.1. CU: Talent cutting and gently peeling the PDMS layer
3.2.2. Talent immersing the chip in 70-75% ethanol, rinsing with water and keeping it aside for air drying
3.2.3. Talent punching the inlet and outlet ports

3.3. For plasma bonding, place the PDMS chip and a clean glass slide in the plasma cleaner with the microchannel side facing upward [1]. Evacuate the chamber below 30 pascals, then introduce oxygen for 90 seconds while maintaining the chamber pressure below 40 pascals [2]. Apply 55% radio-frequency power for 90 seconds to activate PDMS and glass surfaces [3]. 
3.3.1. Talent placing the PDMS chip and glass slide into the plasma cleaner 
3.3.2. Talent evacuating the chamber below 30 Pa and introducing the oxygen flow for 90 seconds
3.3.3. Talent setting the radio-frequency power to 55 % for surface activation

3.4. Immediately bring the activated PDMS chip and glass slide into contact and gently press them together to achieve irreversible bonding [1]. Place the assembled device in an oven at 65 degrees Celsius for 24 hours to stabilize the bond and restore hydrophobicity [2]. Before cell seeding, sterilize it by ultraviolet irradiation for 30 minutes. Maintain sterility by storing the chips in sealed petri dishes inside a biosafety cabinet until use [3].
3.4.1. CU: Talent bringing the PDMS chip in close contact with the glass slide and gently pressing them 
3.4.2. Talent placing the device in an oven at 65 °C 
3.4.3. Talent sterilizing the device by ultraviolet irradiation and keeping it inside a biosafety cabinet in a sealed petri dish

4. Establishment of the BBB-Glioblastoma Model

4.1. Culture the primary astrocytes previously isolated from neonatal rat cerebral cortices in T25 flasks containing astrocyte culture medium [1]. On day 1, add 1 milliliter of 0.25% trypsin-EDTA to the astrocytes, gently swirl for even coverage [2], and incubate at 37 degrees Celsius for 1 to 2 minutes until the cells detach [3]. 
4.1.1. Talent culturing the previously isolated primary astrocytes in the astrocyte culture medium
4.1.2. Talent adding 1 mL of 0.25 % trypsin-EDTA to the astrocytes and gently swirling it 
4.1.3. Talent placing the flask at 37 °C 

4.2. Neutralize the trypsin with 3 milliliters of astrocyte culture medium [1-TXT] and gently pipette to obtain a single-cell suspension and transfer it to a centrifuge tube [2]. 
4.2.1. Talent adding 3 mL of astrocyte culture medium TXT: Refer to the text protocol for astrocyte culture medium preparation    
4.2.2. Talent gently pipetting to collect the cell suspension

4.3. Centrifuge the cell suspension at 300 g for 3 minutes at 4 degrees Celsius [1], remove the supernatant and resuspend the pellet in 200 microliters of medium [2]. Using an automated cell counter, determine the cell concentration [3] and adjust the density to 2.5 × 106 cells per milliliter [4].     
4.3.1. Talent placing the tube into a centrifuge and closing the lid
4.3.2. Talent removing the supernatant and resuspending the pellet in 200 μL of medium
4.3.3. Shot of the talent inserting the counting slide into the automated cell counter, with the cell concentration visible on the instrument display
4.3.4. Talent diluting the cell suspension to adjust the cell density 

4.4. Mix the astrocyte cell suspension with Matrigel at a 3:5 volume ratio [1]. Using a micropipette, dispense 10 microliters of the Matrigel-Astrocyte mixture into the brain channel while keeping the chip on ice [2]. Incubate it at 37 degrees Celsius with 5% carbon dioxide for 30 minutes to promote Matrigel polymerization and cell stabilization [3].
4.4.1. Talent mixing the cell suspension with Matrigel
4.4.2. Talent dispensing 10 μL of the mixture into the brain channel 
4.4.3. Talent placing the chip at 37 °C with 5% CO₂ 

4.5. Carefully introduce 10 microliters of HCMECs (H-C-M-E-Sees) suspension into the vascular channel of the chip [1-TXT]. Position the chip sideways in the incubator for 30 minutes to promote endothelial cell attachment along the channel wall [2]. 
4.5.1. Talent dispensing 10 μL of the HCMECs suspension into the vascular channel 
TXT: Refer to the text protocol for preparation of HCMECs suspension
4.5.2. Talent positioning the chip sideways for 30 minutes

4.6. Seed an additional 10 microliters of HCMECs suspension into the channel to increase endothelial density and incubate the chip for an additional 30 to 60 minutes to allow HCMECs adhesion [1]. Add 100 microliters of a 1:1 mixture of astrocyte and HCMECs media to the chip inlet [2]. After two days of co-culture, seed 10 microliters of U87-MG cells into the glioma channel of the chip [3] and incubate the device at 37 degrees Celsius with 5% carbon dioxide for an additional 48 hours [4].
4.6.1. Talent transferring 10 μL of the HCMECs suspension into the vascular channel and keeping it aside
4.6.2. Talent adding 100 μL mixture of astrocyte and HCMECs media to the chip inlet
4.6.3. Talent adding 10 μL U87-MG cells into the glioma channel of the chip 
4.6.4.  Talent placing the device at 37 °C with 5% CO₂ 

5. Ultrasound Stimulation 

5.1. Before ultrasound treatment, evaluate blood-brain barrier integrity by introducing 40-kilodalton FITC-dextran into the vascular channel [1] and acquire fluorescence images of both the vascular and adjacent brain channel at 20-minute intervals to monitor dextran diffusion across the endothelial barrier [2]. Perform zonula occludens-1 immunofluorescence staining [3] and acquire confocal imaging to confirm continuous tight-junction localization before proceeding to ultrasound stimulation [4].
5.1.1. Talent introducing the 40 kDa FITC-dextran solution into the vascular channel
5.1.2. SCREEN: Fluorescence images being acquired
5.1.3. Talent adding the zonula occludens-1 antibody solution to the microfluidic channels  
5.1.4. SCREEN: Confocal imaging being acquired

5.2. Transfer the chip from the culture dish to a biosafety cabinet and prepare a therapeutic ultrasound system equipped with a 1-megahertz transducer with a 5-square-centimeter effective radiating area [1]. Place a 3-millimeter medical-grade acoustic coupling pad between the chip and the probe [2], position the probe directly above the vascular channel, and ensure that no air bubbles remain between the transducer and the device [3]. 
5.2.1. Talent transferring the chip from culture to the biosafety cabinet and preparing a therapeutic ultrasound system
5.2.2. CU: Talent placing the acoustic coupling pad between the chip and probe
5.2.3. CU: Talent positioning the probe directly above the vascular channel while checking for air bubbles

5.3. Set the ultrasound system to a 60% duty cycle, a frequency of 1 megahertz, an intensity of 1 watt per square centimeter, a pulse repetition frequency of 100 hertz, and an exposure time of 30 seconds [1]. Apply the treatment to the ultrasound group [2]. For the untreated sham control, position the inactive transducer identically to ensure the same handling without acoustic exposure [3]. After treatment, immediately remove the coupling pad and return the chip to a sterile culture dish [4].  

5.3.1. Talent setting the ultrasound parameters 
5.3.2. Talent applying the 30-second treatment
5.3.3. Talent positioning the inactive transducer for the untreated control group
5.3.4. Talent removing the coupling pad and returning the chip to a sterile culture dish
5.4. Following ultrasound exposure, perform zonula occludens-1 immunofluorescence staining [1] and acquire confocal imaging to assess changes in tight-junction localization [2].
5.4.1. Talent adding the zonula occludens-1 antibody solution to the microfluidic channels  
5.4.2. SCREEN: Confocal imaging being acquired

Authors: Step 5.4 has been added to better connect the protocol with the Results section.


Results

6. Results 

6.1. Zonula occludens-1 showed a continuous distribution along the endothelial cell junctions, indicating tight-junction formation [1]. FITC-dextran permeability across the barrier significantly decreased over time [2].
6.1.1. LAB MEDIA: Figure 1C Video Editor: Please highlight the red ZO-1 staining in the left figure labeled as ZO-1
6.1.2.  LAB MEDIA: Figure 1F Video Editor: Please highlight the 20-, 40-, and 60-min permeability bars
6.2. Following ultrasound exposure, zonula occludens-1 intensity remained comparable immediately and at 24 hours, indicating preserved tight-junction integrity [1]. However, ultrasound significantly increased permeability immediately after exposure [2]. By 24 hours post-ultrasound exposure, permeability substantially decreased, indicating recovery of barrier function [3].
6.2.1. LAB MEDIA: Figure 2B Video Editor: Please highlight the 0 h and 24 h ZO-1 signals/profiles in the US+ group
6.2.2. LAB MEDIA: Figure 2D Video Editor: Please highlight the 0 h bars for US− and US+ 
6.2.3. LAB MEDIA: Figure 2D Video Editor: Please highlight 0 h and 24 h bars within the US+ group
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